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State of California – Natural Resources Agency  GAVIN NEWSOM, Governor 
DEPARTMENT OF FISH AND WILDLIFE     CHARLTON H. BONHAM, Director       
North Central Region 
1701 Nimbus Road, Suite A 
Rancho Cordova, CA 95670-4599 
916-358-2900 
www.wildlife.ca.gov 

 
February 7, 2022 

Joelle Inman,  
Environmental Coordinator Planning and Environmental Review  
827 7th Street, Room 225, Sacramento, CA 95814 
CEQA@saccounty.net. 
 
Subject: COYOTE CREEK AGRIVOLTAIC RANCH- NOTICE OF PREPARATION 

SCH# 2022010271 

Dear Ms. Inman: 

The California Department of Fish and Wildlife (CDFW) received and reviewed the 
Notice of Preparation of an Environmental Impact Report (EIR) from Sacramento 
County for the Coyote Creek Agrivoltaic Ranch Project (Project) in Sacramento County 
pursuant the California Environmental Quality Act (CEQA) statute and guidelines.1 

Thank you for the opportunity to provide comments and recommendations regarding 
those activities involved in the Project that may affect California fish, wildlife, plants and 
their habitats. Likewise, we appreciate the opportunity to provide comments regarding 
those aspects of the Project that CDFW, by law, may need to exercise its own 
regulatory authority under the Fish and Game Code (Fish & G. Code). 

CDFW ROLE 

CDFW is California’s Trustee Agency for fish and wildlife resources and holds those 
resources in trust by statute for all the people of the State (Fish & G. Code, §§ 711.7, 
subd. (a) & 1802; Pub. Resources Code, § 21070; CEQA Guidelines § 15386, subd. 
(a).). CDFW, in its trustee capacity, has jurisdiction over the conservation, protection, 
and management of fish, wildlife, native plants, and habitat necessary for biologically 
sustainable populations of those species (Id., § 1802.). Similarly, for purposes of CEQA, 
CDFW provides, as available, biological expertise during public agency environmental 
review efforts, focusing specifically on projects and related activities that have the 
potential to adversely affect fish and wildlife resources. 

CDFW may also act as a Responsible Agency under CEQA. (Pub. Resources Code, § 
21069; CEQA Guidelines, § 15381.) CDFW expects that it may need to exercise 
regulatory authority as provided by the Fish and Game Code. As proposed, for 
example, the Project may be subject to CDFW’s lake and streambed alteration 

 

1 CEQA is codified in the California Public Resources Code in section 21000 et seq.  The “CEQA Guidelines” are 
found in Title 14 of the California Code of Regulations, commencing with section 15000. 
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regulatory authority. (Fish & G. Code, § 1600 et seq.) Likewise, to the extent 
implementation of the Project as proposed may result in “take” as defined by State law 
of any species protected under the California Endangered Species Act (CESA) (Fish & 
G. Code, § 2050 et seq.), the project proponent may seek related take authorization as 
provided by the Fish and Game Code. 

PROJECT DESCRIPTION SUMMARY 

Sacramento Valley Energy Center, LLC is requesting a use permit to construct and 
operate a 200-megawatt, alternating current, photovoltaic (PV) solar energy facility on 
parcels that total approximately 2,555 acres in the Cosumnes community of 
unincorporated Sacramento County. The project is generally located south of U.S. 
Route 50, northwest of Rancho Murieta, southeast of the Prairie City State Vehicle 
Recreation Area (PCSVRA), and south of White Rock Road in the Cosumnes 
community. Specifically, it is located on what is known as the “Barton Ranch” adjacent 
to 3830 Scott Road. A dedicated transmission line called a generation tie (gen-tie) line 
would extend approximately 1.3 miles west to provide an interconnection to the 
Sacramento Municipal Utility District 230 kilovolt powerline which runs through 
PCSVRA. The assessor parcel numbers for the gen-tie alignment are 072-3160-002, 
072-0100-027, 072-0100-018, 072-0110-031, and 072-0110-068. The applicant is 
proposing to construct, operate, and at the end of the project’s life, decommission a 
solar generation and energy storage facility. The development area will include an on-
site substation, inverters, fencing, roads, and supervisory control and data acquisition 
system. Energy storage facilities would be developed at a centralized location or 
distributed throughout the Project site.  

The Project description should include the whole action as defined in the CEQA 
Guidelines § 15378 and should include appropriate detailed exhibits disclosing the 
Project area including temporary impacted areas such as equipment stage area, spoils 
areas, adjacent infrastructure development, staging areas and access and haul roads if 
applicable. 

As required by § 15126.6 of the CEQA Guidelines, the EIR should include an 
appropriate range of reasonable and feasible alternatives that would attain most of the 
basic Project objectives and avoid or minimize significant impacts to resources under 
CDFW's jurisdiction. 

COMMENTS AND RECOMMENDATIONS 

CDFW offers the comments and recommendations presented below to assist 
Sacramento County in adequately identifying and/or mitigating the Project’s significant, 
or potentially significant, impacts on biological resources. The comments and 
recommendations are also offered to enable CDFW to adequately review and comment 
on the proposed Project with respect to impacts on biological resources. CDFW 
recommends that the forthcoming EIR address the following: 
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Assessment of Biological Resources 

Section 15125(c) of the CEQA Guidelines states that knowledge of the regional setting 
of a project is critical to the assessment of environmental impacts and that special 
emphasis should be placed on environmental resources that are rare or unique to the 
region. To enable CDFW staff to adequately review and comment on the Project, the 
EIR should include a complete assessment of the flora and fauna within and adjacent to 
the Project footprint, with emphasis on identifying rare, threatened, endangered, and 
other sensitive species and their associated habitats. CDFW recommends that the EIR 
specifically include: 

 
1. An assessment of all habitat types located within the Project footprint, and a map 

that identifies the location of each habitat type. CDFW recommends that floristic, 
alliance- and/or association-based mapping and assessment be completed 
following The Manual of California Vegetation, second edition (Sawyer 2009). 
Adjoining habitat areas should also be included in this assessment where site 
activities could lead to direct or indirect impacts offsite. Habitat mapping at the 
alliance level will help establish baseline vegetation conditions. 

 
2. A general biological inventory of the fish, amphibian, reptile, bird, and mammal 

species that are present or have the potential to be present within each habitat 
type onsite and within adjacent areas that could be affected by the Project. 
CDFW recommends that the California Natural Diversity Database (CNDDB), as 
well as previous studies performed in the area, be consulted to assess the 
potential presence of sensitive species and habitats. A nine United States 
Geologic Survey 7.5-minute quadrangle search is recommended to determine 
what may occur in the region, larger if the Project area extends past one quad 
(see Data Use Guidelines on the Department webpage 
www.wildlife.ca.gov/Data/CNDDB/Maps-and-Data). Please review the webpage 
for information on how to access the database to obtain current information on 
any previously reported sensitive species and habitat, including Significant 
Natural Areas identified under Chapter 12 of the Fish and Game Code, in the 
vicinity of the Project. CDFW recommends that CNDDB Field Survey Forms be 
completed and submitted to CNDDB to document survey results. Online forms 
can be obtained and submitted at: 
https://www.wildlife.ca.gov/Data/CNDDB/Submitting-Data. 

Please note that CDFW’s CNDDB is not exhaustive in terms of the data it 
houses, nor is it an absence database. CDFW recommends that it be used as a 
starting point in gathering information about the potential presence of species 
within the general area of the Project site. Other sources for identification of 
species and habitats near or adjacent to the Project area should include, but may 
not be limited to, State and federal resource agency lists, California Wildlife 
Habitat Relationship System, California Native Plant Society Inventory, agency 
contacts, environmental documents for other projects in the vicinity, academics, 
and professional or scientific organizations. 
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3. A complete and recent inventory of rare, threatened, endangered, and other 
sensitive species located within the Project footprint and within offsite areas with 
the potential to be affected, including California Species of Special Concern and 
California Fully Protected Species (Fish & G. Code § 3511). Species to be 
addressed should include all those which meet the CEQA definition (CEQA 
Guidelines § 15380). The inventory should address seasonal variations in use of 
the Project area and should not be limited to resident species. The EIR should 
include the results of focused species-specific surveys, completed by a qualified 
biologist and conducted at the appropriate time of year and time of day when the 
sensitive species are active or otherwise identifiable. Species-specific surveys 
should be conducted in order to ascertain the presence of species with the 
potential to be directly, indirectly, on or within a reasonable distance of the 
Project activities. CDFW recommends the lead agency rely on survey and 
monitoring protocols and guidelines available at: 
www.wildlife.ca.gov/Conservation/Survey-Protocols. Alternative survey protocols 
may be warranted; justification should be provided to substantiate why an 
alternative protocol is necessary. Acceptable species-specific survey procedures 
should be developed in consultation with CDFW and the U.S. Fish and Wildlife 
Service (USFWS), where necessary. Some aspects of the Project may warrant 
periodic updated surveys for certain sensitive taxa, particularly if the Project is 
proposed to occur over a protracted time frame, or in phases, or if surveys are 
completed during periods of drought or deluge. 

 
4. A thorough, recent (within the last two years), floristic-based assessment of 

special-status plants and natural communities, following CDFW's Protocols for 
Surveying and Evaluating Impacts to Special Status Native Plant Populations 
and Natural Communities (see www.wildlife.ca.gov/Conservation/Plants). 

 
5. Information on the regional setting that is critical to an assessment of 

environmental impacts, with special emphasis on resources that are rare or 
unique to the region (CEQA Guidelines § 15125[c]). 

Analysis of Direct, Indirect, and Cumulative Impacts to Biological Resources 

The EIR should provide a thorough discussion of the Project’s potential direct, indirect, 
and cumulative impacts on biological resources. To ensure that Project impacts on 
biological resources are fully analyzed, the following information should be included in 
the EIR: 

 
1. The EIR should define the threshold of significance for each impact and describe 

the criteria used to determine whether the impacts are significant (CEQA 
Guidelines, § 15064, subd. (f)). The EIR must demonstrate that the significant 
environmental impacts of the Project were adequately investigated and 
discussed and it must permit the significant effects of the Project to be 
considered in the full environmental context. 
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2. A discussion of potential impacts from lighting, noise, human activity, and wildlife-
human interactions created by Project activities especially those adjacent to 
natural areas, exotic and/or invasive species occurrences, and drainages. The 
EIR should address Project-related changes to drainage patterns and water 
quality within, upstream, and downstream of the Project site, including: volume, 
velocity, and frequency of existing and post-Project surface flows; polluted runoff; 
soil erosion and/or sedimentation in streams and water bodies; and post-Project 
fate of runoff from the Project site. 

3. A discussion of potential indirect Project impacts on biological resources, 
including resources in areas adjacent to the Project footprint, such as nearby 
public lands (e.g. National Forests, State Parks, etc.), open space, adjacent 
natural habitats, riparian ecosystems, wildlife corridors, and any designated 
and/or proposed reserve or mitigation lands (e.g., preserved lands associated 
with a Conservation or Recovery Plan, or other conserved lands). 

4. A cumulative effects analysis developed as described under CEQA Guidelines 
section 15130. The EIR should discuss the Project's cumulative impacts to 
natural resources and determine if that contribution would result in a significant 
impact. The EIR should include a list of present, past, and probable future 
projects producing related impacts to biological resources or shall include a 
summary of the projections contained in an adopted local, regional, or statewide 
plan, that consider conditions contributing to a cumulative effect. The cumulative 
analysis shall include impact analysis of vegetation and habitat reductions within 
the area and their potential cumulative effects. Please include all potential direct 
and indirect Project-related impacts to riparian areas, wetlands, wildlife corridors 
or wildlife movement areas, aquatic habitats, sensitive species and/or special-
status species, open space, and adjacent natural habitats in the cumulative 
effects analysis. 

Mitigation Measures for Project Impacts to Biological Resources 

The EIR should include appropriate and adequate avoidance, minimization, and/or 
mitigation measures for all direct, indirect, and cumulative impacts that are expected to 
occur as a result of the construction and long-term operation and maintenance of the 
Project. CDFW also recommends that the environmental documentation provide 
scientifically supported discussion regarding adequate avoidance, minimization, and/or 
mitigation measures to address the Project's significant impacts upon fish and wildlife 
and their habitat. For individual projects, mitigation must be roughly proportional to the 
level of impacts, including cumulative impacts, in accordance with the provisions of 
CEQA (Guidelines § § 15126.4(a)(4)(B), 15064, 15065, and 16355). In order for 
mitigation measures to be effective, they must be specific, enforceable, and feasible 
actions that will improve environmental conditions. When proposing measures to avoid, 
minimize, or mitigate impacts, CDFW recommends consideration of the following: 

1. Fully Protected Species: Several Fully Protected Species (Fish & G. Code § 
3511) have the potential to occur within or adjacent to the Project area, including, 
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but not limited to: white-tailed kite (Elanus leucurus). Fully protected species may 
not be taken or possessed at any time. Project activities described in the EIR 
should be designed to completely avoid any fully protected species that have the 
potential to be present within or adjacent to the Project area. CDFW also 
recommends that the EIR fully analyze potential adverse impacts to fully 
protected species due to habitat modification, loss of foraging habitat, and/or 
interruption of migratory and breeding behaviors. CDFW recommends that the 
Lead Agency include in the analysis how appropriate avoidance, minimization 
and mitigation measures will reduce indirect impacts to fully protected species. 
 

2. Sensitive Plant Communities: CDFW considers sensitive plant communities to be 
imperiled habitats having both local and regional significance. Plant communities, 
alliances, and associations with a statewide ranking of S-1, S-2, S-3, and S-4 
should be considered sensitive and declining at the local and regional level. 
These ranks can be obtained by querying the CNDDB and are included in The 
Manual of California Vegetation (Sawyer 2009). The EIR should include 
measures to fully avoid and otherwise protect sensitive plant communities from 
Project-related direct and indirect impacts. 

 
3. Mitigation: CDFW considers adverse Project-related impacts to sensitive species 

and habitats to be significant to both local and regional ecosystems, and the EIR 
should include mitigation measures for adverse Project-related impacts to these 
resources. Mitigation measures should emphasize avoidance and reduction of 
Project impacts. For unavoidable impacts, onsite habitat restoration, 
enhancement, or permanent protection should be evaluated and discussed in 
detail. If onsite mitigation is not feasible or would not be biologically viable and 
therefore not adequately mitigate the loss of biological functions and values, 
offsite mitigation through habitat creation and/or acquisition and preservation in 
perpetuity should be addressed. 

 
The EIR should include measures to perpetually protect the targeted habitat 
values within mitigation areas from direct and indirect adverse impacts in order to 
meet mitigation objectives to offset Project-induced qualitative and quantitative 
losses of biological values. Specific issues that should be addressed include 
restrictions on access, proposed land dedications, long-term monitoring and 
management programs, control of illegal dumping, water pollution, increased 
human intrusion, etc. 
 

4. Habitat Revegetation/Restoration Plans: Plans for restoration and revegetation 
should be prepared by persons with expertise in the regional ecosystems and 
native plant restoration techniques. Plans should identify the assumptions used 
to develop the proposed restoration strategy. Each plan should include, at a 
minimum: (a) the location of restoration sites and assessment of appropriate 
reference sites; (b) the plant species to be used, sources of local propagules, 
container sizes, and seeding rates; (c) a schematic depicting the mitigation area; 
(d) a local seed and cuttings and planting schedule; (e) a description of the 
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irrigation methodology; (f) measures to control exotic vegetation on site; (g) 
specific success criteria; (h) a detailed monitoring program; (i) contingency 
measures should the success criteria not be met; and (j) identification of the party 
responsible for meeting the success criteria and providing for conservation of the 
mitigation site in perpetuity. Monitoring of restoration areas should extend across 
a sufficient time frame to ensure that the new habitat is established, self-
sustaining, and capable of surviving drought. 

 
CDFW recommends that local onsite propagules from the Project area and 
nearby vicinity be collected and used for restoration purposes. Onsite seed 
collection should be appropriately timed to ensure the viability of the seeds when 
planted. Onsite vegetation mapping at the alliance and/or association level 
should be used to develop appropriate restoration goals and local plant palettes. 
Reference areas should be identified to help guide restoration efforts. Specific 
restoration plans should be developed for various Project components as 
appropriate. Restoration objectives should include protecting special habitat 
elements or re-creating them in areas affected by the Project. Examples may 
include retention of woody material, logs, snags, rocks, and brush piles. Fish and 
Game Code sections 1002, 1002.5 and 1003 authorize CDFW to issue permits 
for the take or possession of plants and wildlife for scientific, educational, and 
propagation purposes. Please see our website for more information on Scientific 
Collecting Permits at www.wildlife.ca.gov/Licensing/Scientific-
Collecting#53949678-regulations-. 

 
5. Nesting Birds: Please note that it is the Project proponent’s responsibility to 

comply with all applicable laws related to nesting birds and birds of prey. 
Migratory non-game native bird species are protected by international treaty 
under the federal Migratory Bird Treaty Act (MBTA) of 1918, as amended (16 
U.S.C. 703 et seq.). CDFW implemented the MBTA by adopting the Fish and 
Game Code section 3513. Fish and Game Code sections 3503, 3503.5 and 3800 
provide additional protection to nongame birds, birds of prey, their nests and 
eggs. Sections 3503, 3503.5, and 3513 of the Fish and Game Code afford 
protective measures as follows: section 3503 states that it is unlawful to take, 
possess, or needlessly destroy the nest or eggs of any bird, except as otherwise 
provided by the Fish and Game Code or any regulation made pursuant thereto; 
section 3503.5 states that is it unlawful to take, possess, or destroy any birds in 
the orders Falconiformes or Strigiformes (birds-of-prey) or to take, possess, or 
destroy the nest or eggs of any such bird except as otherwise provided by the 
Fish and Game Code or any regulation adopted pursuant thereto; and section 
3513 states that it is unlawful to take or possess any migratory nongame bird as 
designated in the MBTA or any part of such migratory nongame bird except as 
provided by rules and regulations adopted by the Secretary of the Interior under 
provisions of the MBTA. 
 
Potential habitat for nesting birds and birds of prey is present within the Project 
area. The Project should disclose all potential activities that may incur a direct or 
indirect take to nongame nesting birds within the Project footprint and its vicinity. 
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Appropriate avoidance, minimization, and/or mitigation measures to avoid take 
must be included in the EIR. 

CDFW recommends that the EIR include specific avoidance and minimization 
measures to ensure that impacts to nesting birds or their nests do not occur. 
Project-specific avoidance and minimization measures may include, but not be 
limited to: Project phasing and timing, monitoring of Project-related noise (where 
applicable), sound walls, and buffers, where appropriate. The EIR should also 
include specific avoidance and minimization measures that will be implemented 
should a nest be located within the Project site. In addition to larger, protocol 
level survey efforts (e.g. Swainson’s hawk surveys) and scientific assessments, 
CDFW recommends a final preconstruction survey be required no more than 
three (3) days prior to vegetation clearing or ground disturbance activities, as 
instances of nesting could be missed if surveys are conducted earlier. 

 
6. Moving out of Harm’s Way: The Project is anticipated to result in the clearing of 

natural habitats that support native species. To avoid direct mortality, the lead 
agency may condition the EIR to require that a qualified biologist with the proper 
permits be retained to be onsite prior to and during all ground- and habitat-
disturbing activities. The qualified biologist with the proper permits may move out 
of harm’s way special-status species or other wildlife of low or limited mobility 
that would otherwise be injured or killed from Project-related activities. Movement 
of wildlife out of harm’s way should be limited to only those individuals that would 
otherwise be injured or killed, and individuals should be moved only as far as 
necessary to ensure their safety (i.e., CDFW does not recommend relocation to 
other areas). It should be noted that the temporary relocation of onsite wildlife 
does not constitute effective mitigation for habitat loss. 

 
7. Translocation of Species: CDFW generally does not support the use of 

relocation, salvage, and/or transplantation as the sole mitigation for impacts to 
rare, threatened, or endangered species as these efforts are generally 
experimental in nature and largely unsuccessful. 

 
The EIR should incorporate mitigation performance standards that would ensure that 
impacts are reduced to a less-than-significant level. Mitigation measures proposed in 
the EIR should be made a condition of approval of the Project. Please note that 
obtaining a permit from CDFW by itself with no other mitigation proposal may constitute 
mitigation deferral. CEQA Guidelines section 15126.4, subdivision (a)(1)(B) states that 
formulation of mitigation measures should not be deferred until some future time. To 
avoid deferring mitigation in this way, the EIR should describe avoidance, minimization 
and mitigation measures that would be implemented should the impact occur. 

California Endangered Species Act 

CDFW is responsible for ensuring appropriate conservation of fish and wildlife 
resources including threatened, endangered, and/or candidate plant and animal 
species, pursuant to the CESA. CDFW recommends that a CESA Incidental Take 
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Permit (ITP) be obtained if the Project has the potential to result in “take” (Fish & G. 
Code § 86 defines “take” as “hunt, pursue, catch, capture, or kill, or attempt to hunt, 
pursue, catch, capture, or kill”) of State-listed CESA species, either through construction 
or over the life of the Project. 

CESA-listed species with the potential to occur in the area include but are not limited to: 
Swainson’s hawk (Buteo swainsoni) and tricolored blackbird (Agelaius tricolor). 

The EIR should disclose the potential of the Project to take CESA-listed species and 
how the impacts will be avoided, minimized, and mitigated. Please note that mitigation 
measures that are adequate to reduce impacts to a less-than significant level to meet 
CEQA requirements may not be enough for the issuance of an ITP. To issue an ITP, 
CDFW must demonstrate that the impacts of the authorized take will be minimized and 
fully mitigated (Fish & G. Code §2081 (b)). To facilitate the issuance of an ITP, if 
applicable, CDFW recommends the EIR include measures to minimize and fully mitigate 
the impacts to any State-listed species the Project has potential to take. CDFW 
encourages early consultation with staff to determine appropriate measures to facilitate 
future permitting processes and to engage with the U.S. Fish and Wildlife Service 
and/or National Marine Fisheries Service to coordinate specific measures if both state 
and federally listed species may be present within the Project vicinity. 

South Sacramento Habitat Conservation Plan (SSHCP) 

The Project is within the boundaries of the SSCHP. CEQA Guidelines section 15125(d) 
states that EIRs must discuss any inconsistencies between projects and applicable 
plans (including habitat conservation plans/natural community conservation plans). 
Because the SSHCP is currently in implementation, CDFW recommends that the EIR 
include a discussion of each Project alternative’s consistency with the SSHCP and how 
Sacramento County will ensure that implementation of the Project alternatives do not 
impede the SSHCP’s ability to meet its permit conditions and biological goals and 
measurable objectives. Particular focus in the EIR’s analysis should be directed to: 

 Analysis of all SSHCP Covered Species.  
 Assessment of habitat types identified in the SSCHP. 
 Identification of applicable SSHCP avoidance, minimization, or mitigation 

measures.  
 Analysis of any impacts to land commitments of the SSHCP. 
 Discussion of any inconsistencies between the Project and the SSHCP. 

To identify any potential inconsistencies with the SSHCP and provide special emphasis 
on rare or unique resources in compliance with CEQA, CDFW recommends that the 
EIR also address the following: 

 Persistence of the SSCHP Covered Species with the SSHCP boundaries. 
 Impacts to established or future reserve land managed under South Sacramento 

Conservation Agency (SSCA). 
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 Reduction of available reserve land in the SSHCP (with appropriate buffers and 
setbacks as detailed in the SSHCP). 

 Financial impacts to SSCA and feepayers under the SSHCP. 

Native Plant Protection Act 

The Native Plant Protection Act (Fish & G. Code §1900 et seq.) prohibits the take or 
possession of State-listed rare and endangered plants, including any part or product 
thereof, unless authorized by CDFW or in certain limited circumstances. Take of State-
listed rare and/or endangered plants due to Project activities may only be permitted 
through an ITP or other authorization issued by CDFW pursuant to California Code of 
Regulations, Title 14, section 786.9 subdivision (b). 

Lake and Streambed Alteration Program 

The EIR should identify all perennial, intermittent, and ephemeral rivers, streams, lakes, 
other hydrologically connected aquatic features, and any associated biological 
resources/habitats present within the entire Project footprint (including utilities, access 
and staging areas). The environmental document should analyze all potential 
temporary, permanent, direct, indirect and/or cumulative impacts to the above-
mentioned features and associated biological resources/habitats that may occur 
because of the Project. If it is determined the Project will result in significant impacts to 
these resources the EIR shall propose appropriate avoidance, minimization and/or 
mitigation measures to reduce impacts to a less-than-significant level. 
 
Section 1602 of the Fish and Game Code requires an entity to notify CDFW prior to 
commencing any activity that may do one or more of the following: substantially divert or 
obstruct the natural flow of any river, stream or lake; substantially change or use any 
material from the bed, channel or bank of any river, stream, or lake; or deposit debris, 
waste or other materials that could pass into any river, stream or lake. Please note that 
"any river, stream or lake" includes those that are episodic (i.e., those that are dry for 
periods of time) as well as those that are perennial (i.e., those that flow year-round). 
This includes ephemeral streams and watercourses with a subsurface flow. It may also 
apply to work undertaken within the flood plain of a body of water. 
 
If CDFW determines that the Project activities may substantially adversely affect an 
existing fish or wildlife resource, a Lake and Streambed Alteration (LSA) Agreement will 
be issued which will include reasonable measures necessary to protect the resource. 
CDFW’s issuance of an LSA Agreement is a “project” subject to CEQA (see Pub. 
Resources Code 21065). To facilitate issuance of an LSA Agreement, if one is 
necessary, the EIR should fully identify the potential impacts to the lake, stream, or 
riparian resources, and provide adequate avoidance, mitigation, and monitoring and 
reporting commitments. Early consultation with CDFW is recommended, since 
modification of the Project may avoid or reduce impacts to fish and wildlife resources. 
To submit an LSA Notification package, please go to 
https://www.wildlife.ca.gov/Conservation/Environmental-Review/LSA. 
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Please note that other agencies may use specific methods and definitions to determine 
impacts to areas subject to their authorities. These methods and definitions often do not 
include all needed information for CDFW to determine the extent of fish and wildlife 
resources affected by activities subject to Notification under Fish and Game Code 
section 1602. Therefore, CDFW does not recommend relying solely on methods 
developed specifically for delineating areas subject to other agencies’ jurisdiction (such 
as United States Army Corps of Engineers) when mapping lakes, streams, wetlands, 
floodplains, riparian areas, etc. in preparation for submitting a Notification of an LSA. 

CDFW relies on the lead agency environmental document analysis when acting as a 
responsible agency issuing an LSA Agreement. CDFW recommends lead agencies 
coordinate with us as early as possible, since potential modification of the proposed 
Project may avoid or reduce impacts to fish and wildlife resources and expedite the 
Project approval process. 

The following information will be required for the processing of an LSA Notification and 
CDFW recommends incorporating this information into any forthcoming CEQA 
document(s) to avoid subsequent documentation and Project delays: 

1. Mapping and quantification of lakes, streams, and associated fish and wildlife 
habitat (e.g., riparian habitat, freshwater wetlands, etc.) that will be temporarily 
and/or permanently impacted by the Project, including impacts from access and 
staging areas. Please include an estimate of impact to each habitat type. 

2. Discussion of specific avoidance, minimization, and mitigation measures to 
reduce Project impacts to fish and wildlife resources to a less-than-significant 
level. Please refer to section 15370 of the CEQA Guidelines. 

Based on review of Project materials, aerial photography and observation of the site 
from public roadways, the Project site supports unnamed tributaries to the Cosumnes 
River and its associated riparian habitat. CDFW recommends that the EIR fully identify 
the Project’s potential impacts to the stream and/or its associated vegetation and 
wetlands. 

General Avian, Bat, and other Wildlife Impacts 
 
The EIR should evaluate the cumulative effects of loss of habitat as an indirect cause of 
avian mortality for grassland birds. Breeding Bird Surveys (BBS) conducted by the U.S. 
Geological Survey Biological Resources Division and volunteers throughout the country 
show that grassland birds, as a group, have declined more than other groups, such as 
forest and wetland birds (Brennan and Kuvlesky 2005; NRCS 1999). The BBS shows 
that in California, grassland birds such as the western meadowlark (Sturnella neglecta), 
and State Species of Special Concern the burrowing owl (Athene cunicularia), have 
shown population declines since 1966 (Sauer et al., 2019). CDFW recommends at a 
minimum an equal amount of land with primary purpose of habitat conservation should 
be enhanced and conserved elsewhere to offset the loss of habitat for grassland birds. 
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In addition, the EIR should evaluate threats to bird from collisions and electrocutions 
with solar infrastructure. Collisions with PV equipment can include direct collisions into 
panels, guy wires, or transmission lines. Injuries from collisions with collectors/reflectors 
may result in acute and direct take (Kagan et al. 2014), or stranding. Stranding can 
occur when an individual is injured by collision impact and is unable to take off or when 
they require a running start on the water’s surface. The EIR should include measures to 
reduce the risks of avian collisions such as adding special patterns to the PV panels. 
Linear features such as generator-tie lines, collector lines, and interior and perimeter 
fences all present collision hazards for birds, and electric lines present a potential 
electrocution hazard (Huso, et al. 2016). All aboveground lines should be fitted with bird 
flight diverters or visibility enhancement devices. When lines, or other related 
infrastructure with the potential to cause take, cannot be placed underground, 
appropriate avian protection designs should be employed. As a minimum requirement, 
the collection system should conform with the most current edition of the Avian Power 
Line Interaction Committee guidelines to prevent electrocutions, found at: 
https://www.aplic.org/mission. 

The EIR should include a requirement for weekly or twice-weekly avian mortality 
surveys to meet the following objectives: 

 Estimate the total number of birds and bats killed at the Project site within a 
specified time period. 

 Determine whether there are spatial or temporal/seasonal patterns of total bird 
fatality. 

 Evaluate species composition and which taxonomic groups may be at risk. 
 Provide results that allow comparisons with other solar sites and to evaluate 

changes in fatality due to adaptive management.  
 

The EIR should include a requirement to develop an Avian and Bat Protection Plan or 
Bird and Bat Conservation Strategy (BBCS) in coordination with the USFWS and 
CDFW. The purpose of the BBCS is to: 

 Describe baseline conditions for bird and bat species present within the Project 
site, and adjacent areas where influenced by the Project, including results of site-
specific surveys. 

 Assess potential risk to birds and bats based on the proposed activities. 
 Specify conservation measures that will be employed to avoid, minimize, and/or 

mitigate any potential adverse effects to these species. 
 Describe the incidental monitoring and reporting that will take place during 

construction. 
 Provide details for post-construction monitoring. 
 Specify the adaptive management process that will be used to address potential 

adverse effects on avian and bat species. 
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Permanent Fencing 

CDFW recommends the EIR discuss and analyze impacts to wildlife associated with 
permanent fencing which may be installed around the solar facility. For example, a 
fence can obstruct the natural migration and daily movements of wildlife such as deer 
and the consequences of disrupting these movements should be considered in fencing 
design (VerCauteren et al. 2006). In addition, deer occasionally become entangled in 
fences or collide with them when attempting to pass over, through, or under (Goddard et 
al. 2001). Some fences, especially wire mesh, can be a complete barrier to fawns, even 
if adults can still jump over. This can lead to fawns becoming separated from their 
mothers and the herd resulting in the fawns killed by predators, vehicle collisions, or 
starvation (Hanophy 2009).  

Birds can also collide with fences, breaking wings and tangling in wires. Large, low-
flying birds such as ducks, geese, hawks, and owls are especially vulnerable to 
collisions with fencing. For example, the American kestrel (Falco sparverius) and low-
flying hawks and owls may collide with fences when swooping in on prey (Bryant et al. 
1993). Fencing can be made more visible to birds by attaching reflective or colorful 
weather-resistant flagging materials (e.g., aluminum or plastic strips) to the wire. 

Fences made of chain-link material may exclude small mammals, amphibians, and 
reptiles. Providing a small gap between the fencing and the ground can allow animals to 
pass through without being blocked from entry into the solar arrays. 

The EIR should analyze the potential impacts to birds and mammals caused by the 
proposed fencing and describe alternative wildlife-friendly designs that will be 
implemented. The EIR should also include effective minimization and mitigation 
measures to offset any impacts of fencing to wildlife species that cannot feasibly be 
completely avoided. 

CHEMICAL USE 

Rodenticides that control small mammal populations would also reduce available 
burrows, making the habitat no longer suitable for burrowing owl and other sensitive 
wildlife species. Lack of underground refugia could result is increase exposure to 
predators, heat, and other elements. As such, CDFW recommends the project avoid 
use of chemical rodenticides. 

ENVIRONMENTAL DATA 

CEQA requires that information developed in environmental impact reports and 
negative declarations be incorporated into a database, which may be used to make 
subsequent or supplemental environmental determinations (Pub. Resources Code, § 
21003, subd. (e)). Accordingly, please report any special-status species and natural 
communities detected during Project surveys to the CNDDB. The CNNDB field survey 
form can be found at the following link: 
https://www.wildlife.ca.gov/Data/CNDDB/Submitting-Data. The completed form can be 



Coyote Creek Agrivoltaic Ranch Project 
Date 
Page 14 of 15 
 
submitted online or mailed electronically to CNDDB at the following email address: 
CNDDB@wildlife.ca.gov. 

FILING FEES 

The Project, as proposed, would have an effect on fish and wildlife, and assessment of 
filing fees is necessary. Fees are payable upon filing of the Notice of Determination by 
the Lead Agency and serve to help defray the cost of environmental review by CDFW. 
Payment of the fee is required in order for the underlying project approval to be 
operative, vested, and final. (Cal. Code Regs, tit. 14, § 753.5; Fish & G. Code § 711.4; 
Pub. Resources Code, § 21089.) 

CONCLUSION 

Pursuant to Public Resources Code sections 21092 and 21092.2, CDFW requests 
written notification of proposed actions and pending decisions regarding the Project. 
Written notifications shall be directed to: California Department of Fish and Wildlife 
North Central Region, 1701 Nimbus Road, Rancho Cordova, CA 95670. 

CDFW appreciates the opportunity to comment on the Notice of Preparation of the 
EIR for the Coyote Creek Agrivoltaic Ranch Project and recommends that 
Sacramento County address CDFW’s comments and concerns in the forthcoming 
EIR. CDFW personnel are available for consultation regarding biological resources 
and strategies to minimize impacts.  
 
If you have any questions regarding the comments provided in this letter or wish to 
schedule a meeting and/or site visit, please contact Dylan Wood, Environmental 
Scientist at (916) 358-2384 or dylan.a.wood@wildlife.ca.gov. 
 
Sincerely, 
 
 
 
Kelley Barker 
Environmental Program Manager 
 
ec: Tanya Sheya, Senior Environmental Scientist (Supervisory) 
 Dylan Wood, Environmental Scientist 
 CEQACommentLetters 
 Department of Fish and Wildlife 

 Office of Planning and Research, State Clearinghouse, Sacramento 
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EXECUTIVE SUMMARY

BACKGROUND
The Sacramento Municipal Utility District (SMUD) has long recognized the threats posed by climate change,
and the imperative that the region, nation, and global community faces in mitigating emissions and preparing
for the inevitable impact. Through strong leadership from its Board of Directors, SMUD was the first large
California utility to receive more than 20% of its energy from renewable resources, and currently 50% of its
power comes from carbon-free sources as part of the strategy for SMUD to reduce greenhouse gas (GHG)
emissions to 10% of 1990 emissions by 2050. SMUD’s Board of Directors has also established the organizational
directive  to “provide leadership in the reduction of the region’s total emissions of greenhouse gases through
proactive programs in all SMUD activities and development and support of national, State, and regional climate
change policies and initiatives.”1  In support of that objective, this study seeks to improve understanding of
landscape carbon sinks in Sacramento County, and opportunities to maximize landscape carbon storage in the
decades to come. These findings are relevant to several audiences, including: planners seeking to understand
how best to balance competing land use priorities; land owners who have the opportunity to play a vital role in
contributing meaningful climate mitigation; policymakers that can help spur local actions through programs
and incentives; and SMUD, which can lead through example, provide support for emission reduction activities,
and has a vested interest in achieving regional climate objectives in a cost effective and equitable manner.

Conceptually, this study aligns with work being done at the state and local levels. The California Air Resources
Board is working to develop statewide landscape carbon inventories as well as models such as the California
Natural and Working Lands Carbon and GHG Model (CALAND)2 to assess the impacts of land management
practices on net GHG emissions. Nongovernmental organizations like The Nature Conservancy (TNC) are
actively developing and testing county-level frameworks to align conservation planning climate change
objectives, and the Sacramento Area Council of Governments’ (SACOG) is promoting integrated, multivariable
conservation and land use planning that includes climate mitigation.

To build on, leverage, and improve all this precedent and concurrent work, SMUD engaged stakeholders from
each of these communities to form a workgroup that met several times over the course of approximately six
months to inform the methodology, discuss findings, and provide recommendations.  The Workgroup consisted
of members of SMUD, the Environmental Council of Sacramento County (ECOS), SACOG, and TNC as described
in Chapter 1. The County of Sacramento was also invited to participate.

In addition to estimating the current (2014) landscape carbon storage of Sacramento County, this study sought
to forecast landscape carbon storage under various development scenarios to understand the impact of land
use planning on GHG emissions. Further, while understanding GHG impacts is important, SMUD recognized
that impacts cannot be and should not be evaluated in isolation. Leveraging work being done for SACOG, the
landscape carbon storage data was incorporated into a Marxan-based model that seeks efficient solutions for
meeting multiple spatially-explicit carbon goals. This study had five goals with corresponding outcomes, as
summarized in Figure 1.

1 Sacramento Municipal Utility District (SMUD). Our Board of Directors. Available at: https://www.smud.org/en/about-
smud/company-information/board-of-directors/
2 More information can be found online at: http://resources.ca.gov/wp-content/uploads/2017/01/CALAND-Technical-
Description_9.22.17.pdf
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Project Goals Project Outcomes

Quantify the current landscape carbon
storage in Sacramento County, prioritizing
existing and available data

à
GIS-based model that incorporates soil and
biomass carbon densities and quantifies
landscape carbon storage

Forecast Sacramento County landscape
carbon storage under varied land use
projections

à
Model incorporating forecast data based on
land use constraints and population dynamics

Develop and test method for incorporating
carbon as an explicit conservation benefit in
land use decision-making frameworks

à
Marxan-based model that optimizes
conservation designs using carbon as an input
variable

Explore the potential for landscape carbon
sequestration projects in Sacramento à

Three project concept reviews assessing
suitability, carbon potential, and cost
considerations

Expand understanding of the technical
potential for increasing landscape carbon
storage in Sacramento County

à
Quantified technical potential based on land
use outcomes and incorporating conservation
actions

Figure 1. SMUD technical goals and outcomes for landscape carbon assessment

RESULTS AND FINDINGS
Each of the five technical goals and its corresponding outcomes are discussed below.

In order to evaluate landscape carbon storage and scenarios in Sacramento County, the team
constructed a GIS-based model that leveraged existing public data assets, and incorporated best
practice. The model draws land classification data from USGS’s LANDFIRE program, soil carbon

densities from the NRCS’s gSSURGO database, and biomass carbon densities from the California Air Resources
Board. These data were selected on the basis of their availability, broad use, update schedules, and suitability to
the Sacramento County region. Data manipulations focused on, for example, adapting soil data to reflect losses
from agricultural and urban development, and were based on literature reviews. The methodology for this
study required the review of multiple data sources and methods through consultation with the Workgroup,
many of which – though not used in this model – have great merit. The selected data and processing algorithms
were imported and built into a spatially explicit model and used to estimate a current landscape carbon
inventory for the county. Based on an evaluation of current land use in Sacramento County, the current
landscape carbon storage totals approximately 36.3 million metric tons carbon dioxide-equivalent (MTCO2e).
The urban, general agriculture and shrubland categories dominate the land area and landscape carbon storage
in Sacramento County (Figure 2).  This chart illustrates how the land category-specific carbon densities impact
carbon stored in the landscape.  For example, forests only account for 2 percent of the land area in Sacramento
County but represent 8 percent of the carbon stored in the landscape.  This idea will be important for land use
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planners to consider as developing over certain land covers without enhanced management or supportive
policy development, even if the land area is small, will have a higher carbon impact than others.

Figure 2. 2014 land area and landscape carbon storage by percentage of totals for each of the land uses and land covers evaluated in
this project.

To forecast landscape carbon under varying development scenarios, this study used the UPlan urban
growth development scenarios to evaluate three distinct growth patterns: business-as-usual,
compact new growth, and infill. These 2050 scenarios were used to illustrate how landscape carbon

stocks could change as a result of land-use planning in the coming decades. New growth was incorporated into
our model to reflect how various land use and land covers may shift into the urban footprint, as shown in
Figure 3. There was relatively little overall difference between the footprints of the business-as-usual and
compact new growth scenarios, but the infill scenario retained a higher share of landscape carbon (Figure 4).
The business-as-usual scenario would result in new emissions of 5.2 million MTCO2e (via a reduction in the 2014
baseline stored carbon estimate), which exceeds the 2015 emissions of unincorporated Sacramento County.3

3 Ascent Environmental. November, 2016. Sacramento County Communitywide CAP, Technical Memo #1 -2015 GHG
Emissions Inventory. Available at: http://www.per.saccounty.net/PlansandProjectsIn-Progress/Pages/CAP.aspx
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Figure 3. Projected 2050 urban development under UPlan’s Business as Usual, Compact New Growth and Infill scenarios.

Figure 4. Carbon contained in Sacramento County land for 2014 and the 2050 scenarios.

While evaluation of the UPlan data does showcase an opportunity to leverage land use planning to
maintain and expand landscape carbon stocks in Sacramento County, it does not provide a
mechanism to actively do so. Using a modeling framework currently under development for SACOG,

this study incorporated landscape carbon data into Marxan, a software platform that optimizes land use for
multiple conservation benefits. Using Marxan in a policy-informative manner requires extensive stakeholder
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input to set priorities and targets. However, as a proof-of-concept and precursor to an active policy discussion,
multiple Marxan test runs were used to demonstrate how landscape carbon can drive conservation and land
use planning both as a single variable and in combination with additional priorities such as farmland
preservation.  While the Marxan outputs in this study were developed with arbitrary targets both to
demonstrate the capability, and assess the sensitivity of the model to parameter variability, Marxan did
successfully identify high priority areas based on the input conditions. The outputs themselves should not be
construed as recommendations or used to inform any planning decision at this time, but the successful
integration of landscape carbon data into the framework removes a significant barrier to integrated, multi-
variable planning that reflects a focus on landscape carbon. The outcomes from this type of assessment can be
used to identify the locations most susceptible to the tradeoff between the carbon and agricultural
preservation goals of the region and the expansion of urban areas.

Proactive planning that considers and maximizes landscape carbon can be an important climate
mitigation strategy, but there are also opportunities to improve carbon storage through specific new
or expanded practices. These practices include well-established strategies like hedgerow planting,

riparian forest buffers, windbreak/shelterbelt establishment, and silvoplasture4 that are being incentivized
through the California Department of Food and Agriculture (CDFA) Healthy Soils Program, and more novel
techniques like biochar application. We evaluated three sample project concepts to understand the suitability
and potential climate benefit of these activities in Sacramento County.

1 Urban Forestry: planting of additional urban trees is highly aligned with Sacramento’s General Plan and
SMUD’s shade tree program, can greatly achieve meaningful carbon sequestration, and provides significant
co-benefits to the communty.

2 Nutrient Managment: optimizing fertilizer application rates and sources can reduce nitrous oxide
emissions and bolster soil carbon. With agriculture being the second largest land use in the county behind
urban development, there is significant opportunity to work with agricultural stakeholders to promote
nutrient management and other agricultural activities that reduce emissions or sequester carbon.

3 Biochar: Biomass that has undergone pyrolisis or gasification results in a charcoal that stabilizes carbon for
extended periods of time and can be applied to agricultural and other lands to improve soil carbon.
However, the impact on agricultural productivity – particularly in a region with rich soils like Sacramento
County – is uncertain and potentially adverse, and requires further study.

These three activities are examined in greater detail, but are not exhaustive nor fully representative of the
opportunities in Sacramento County.

By combining the findings from the development scenarios with opportunities from specific
activities, we can begin to see the potential not only to reduce emissions from landscape carbon, but
to use community lands as a vehicle for reversing the forecasted loss. Relative to the business-as-

usual scenario, pursuing a development future consistent with the infill scenario can reduce emissions by
approximately 4.7 million MTCO2e (see Figure 5), resulting in losses from 2014 of only 0.5 million MTCO2e
rather than 5.2 million MTCO2e for the BAU scenario. However, as additional activities like expansion of urban

4 https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/technical/cp/ncps/?cid=nrcs143_026849

4
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forests and improving nutrient management are layered in, total landscape carbon storage may increase
relative to current levels (Figure 6).

Figure 5. Technical potential to reduce landscape carbon losses associated with a business-as-usual development future through
compact new growth and infill strategies.

Figure 6. Technical potential to reduce landscape carbon losses and increase sequestration through land-use planning and mitigation
activities on community lands.
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CONCLUSION AND NEXT STEPS
Through this initial study, SMUD facilitated a dialog with key stakeholders in the Sacramento region, which
fostered further interest around embedding climate change mitigation in general, and landscape carbon
sequestration improvements in particular into land use and conservation planning. We developed models and
analytic tools that demonstrated not only that there is a meaningful opportunity to take climate action through
this type of integrated planning, but also tested and proved the tools that can enable it in practice.

During this study, additional data was released that could not be fully reviewed and incorporated, and
additional data resources are being developed presently. Further, there are opportunities to refine the
methodology with additional time and resources, and the study region of Sacramento County is too limited to
fully embed our findings in the SACOG process. Throughout the chapters that follow, we document these
opportunities, but note that while they may improve resolution and accuracy, they are unlikely to change in a
meaningful way the overall conclusion: planning for landscape carbon storage can make a meaningful
mitigation contribution, and the analytical tools to do so in a spatially-explicit manner exist today for
the Sacramento region. To expand and improve on this study, we recommend that SMUD, the workgroup, and
stakeholders:

¾ Brief key stakeholders and policymakers on the current work, and build appetite for a conceptual
framework that incorporates climate mitigation as a key conservation and land-use planning variable

¾ Expand the study area to align with the SACOG six-county region to allow the data to be fully
integrated into the Marxan modeling framework and planning process

¾ Evaluate additional project concepts to identify and quantify their carbon sequestration potential

¾ Update methodology and datasets used for this study based on continued collaboration with technical
experts and further review of additional resources and evolving datasets, including, but not limited to,
those identified in this study

¾ Incorporate additional economic metrics to understand the costs in addition to GHG and other co-
benefits

¾ Develop tools, guidance, and resources for the implementation of this framework for use by county and
regional planners.
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INTRODUCTION
The Sacramento Municipal Utility District (SMUD) is the sixth-largest community-owned electric service
provider in the country. SMUD generates, imports, transmits and distributes electricity to a 900-square-mile
service area with a population of 1.5 million that includes Sacramento County and a small portion of Placer
County.

SMUD is owned by its customers, who elect a
seven-member Board of Directors every four
years. Each director represents a different
geographic area, or “ward,” seen in Figure
7. During their four-year terms, the
directors’ job is to establish policies and
values that guide how SMUD serves its
customers and the long-term direction
SMUD will take moving forward.5

The board has been early in understanding
the risks posed by climate change, and
proactive in setting a long-term path
towards decarbonization. Strategic Direction
(SD) 7 sets out a broad direction for the
utility in aligning with policymakers to
promote climate mitigation, instructing
SMUD to “provide leadership in the reduction of
the region’s total emissions of greenhouse gases
through proactive programs in all SMUD
activities and development and support of
national, State, and regional climate change
policies and initiatives.” More specifically, SD-9
commits SMUD to reduce GHG emissions to
10% of 1990 emissions by 2050, achieve
energy efficiency equal to 15 percent of
retail load, and meet 33 percent of SMUD’s
load by 2020 with renewable resources, and
50 percent by 2030.

In its path towards achieving these targets,
SMUD was the first large California utility to

receive more than 20% of its energy from renewable resources and currently provides electricity from varied
sources including natural-gas-fired generators, carbon-free and renewable energy such as hydropower, solar
and wind power, and power purchased on the wholesale market. Currently, 50% of SMUD’s power comes from
non-carbon-emitting resources, and 26% of SMUD’s power meets the Renewable Portfolio Standard (RPS)
outlined by the state of California.

5 Sacramento Municipal Utility District (SMUD). Our Board of Directors. Available at: https://www.smud.org/en/about-
smud/company-information/board-of-directors/

Figure 7. Map of SMUD’s service territory. The territory is divided into seven
wards (numbered above), each of which is represented by a board member
elected to SMUD’s Board of Directors. Source: SMUD
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While SMUD’s SD-9 commitments and
actions promote renewable energy and
distributed energy resources, there are
additional opportunities to support
policies and initiatives consistent with
SD-7. The California Climate Strategy
pillars shown in Figure 8 place clear
emphasis on efficiency, renewables,
and even vehicle electrification – all
areas closely aligned with SMUD
programs. Through its Climate
Readiness Assessment and Action Plan,
and work with the Department of
Energy’s Partnership for Energy Sector
Climate Resilience SMUD is actively
safeguarding California and its
customers through improving
resilience of energy infrastructure to
extreme weather and climate change
impacts and strengthening energy
security. However, SMUD’s strategies
around carbon sequestration in the
land base and reducing short-lived
climate pollutants (SLCP) are more nascent. The Pilot Natural Refrigerant Incentive Program is a first-of-its-
kind offering that provides incentives to customers for the direct emission reductions associated with use of
natural refrigerants in place of high-global warming potential hydrofluorocarbons. However, SMUD’s efforts to
promote carbon sequestration in the land base have been limited, with shade trees being the primary program

through which SMUD directly promotes carbon sequestration.

In addition to the focus on maximizing landscape carbon at the state
level through initiatives such as the Proposed Natural and Working
Lands Climate Change Implementation Plan and the CALAND model6,
there are two key work streams underway in the region that make a
focus on landscape carbon and biosequestration timely. First, The
Nature Conservancy (TNC) has been working with partners in both
Sonoma and Merced County to improve understanding of the role that
carbon storage and sequestration can play in conservation planning.
Published with the Sonoma County Agricultural Preservation and Open
Space District in January, 2016 The Climate Action Through Conservation
Project through work established TNC’s framework “for local
governments, land managers, and planners to understand the links
between climate benefits and conservation values and incorporate that
knowledge into decisions about land use and land management.”7 The
effort developed a county-wide inventory of landscape carbon, and

6 Information on the most recent (October 13, 2017) workshop materials on these two items can be found here:
https://www.arb.ca.gov/lispub/rss/displaypost.php?pno=10594
7 The Nature Conservancy and Sonoma County Agricultural Preservation and Open Space District. 2015. Conserving
Landscapes, Protecting the Climate: The Climate Action through Conservation Project. San Francisco and Santa Rosa, CA. 28
pages plus appendices.

Figure 8. California Climate Strategy Pillars
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projected future changes in that carbon reservoir based on baseline scenarios, in addition to evaluating
scenarios in which conservation treatments are used to promote carbon sequestration. TNC found that that
conservation could sequester an additional 4 million metric tons carbon dioxide-equivalent (MTCO2e) by 2050
relative to the baseline scenario. TNC is expanding upon this framework through similar work in Merced
County, incorporating more robust modeling of agricultural lands and soils.

Locally, a two year project undertaken in collaboration with the Sacramento Area Council of Governments
(SACOG) and Environmental Council of Sacramento (ECOS) assembled a large amount of natural resource data
in the six-county Sacramento region in order to investigate the potential complementarity, co-benefits, and
trade-offs associated with sustainability planning in the region. In addition, a project funded by U.S. EPA is just
being launched that will use this spatial framework to incorporate human health factors and ecosystem service
valuation into priority setting for regional sustainability. This effort aims to incorporate carbon sequestration
data into its analysis using the same framework.

Figure 9. Alignment of Landscape Carbon Assessment Study with State and Regional policy priorities

The current work situates SMUD squarely in line with policy priorities and efforts at the state, regional, and
local level, and as a contributor in particular to the SACOG and ECOS sustainability planning efforts. The data
generated through this work will inform the SACOG and ECOS work, and support broader implementation of
landscape carbon analysis at the county level.

1.1 OBJECTIVES
While recognizing the conceptual value that community lands can play in mitigating climate change is not
novel, the goals of this study are to push that conceptual understanding further by quantifying the mitigation
potential in Sacramento County, and understanding how that mitigation can be maximized and prioritized
alongside other ecosystem services. Through improved data and a demonstrated methodology for integrating
landscape carbon into conservation planning, carbon can become an actionable variable in conservation and
land use planning. This study has not attempted to quantify the co-benefits of conservation on water quality,

COMMUNITY LANDSCAPE CARBON ASSESSMENT INITIAL STUDY

SACRAMENTO AREA COUNCIL OF GOVERNMENTS AND
ENVIRONMENTAL COUNCIL OF SACRAMENTO

THE NATURE CONSERVANCY
Sonoma County
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CLIMATE STRATEGY PILLARS
Carbon sequestration in the land base
Safeguard California
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biodiversity, fire prevention, promotion of native vegetation, or resiliency. Instead, the data developed on
landscape carbon will serve as one input to broader integrated conservation and land use planning. A key
component of this work was to test and demonstrate the viability of coupling this data with additional
conservation priorities, the data for which was independently developed. The five technical objectives of this
study include:

Project Goals Project Outcomes

Quantify the current landscape carbon
storage in Sacramento County, prioritizing
existing and available data

à
GIS-based model that incorporates soil and
biomass carbon densities and quantifies
landscape carbon storage

Forecast Sacramento County landscape
carbon storage under varied land use
projections

à
Model incorporating forecast data based on
land use constraints and population dynamics

Develop and test method for incorporating
carbon as an explicit conservation benefit in
land use decision-making frameworks

à
Marxan-based model that optimizes
conservation designs using carbon as an input
variable

Explore the potential for landscape carbon
sequestration projects in Sacramento à

Three project concept reviews assessing
suitability, carbon potential, and cost
considerations

Expand understanding of the technical
potential for increasing landscape carbon
storage in Sacramento County

à
Quantified technical potential based on land
use outcomes and incorporating conservation
actions

In addition to the technical outcomes, an important methodological priority is to leverage existing data, and
align with prior and planned efforts. To this end, the team coordinated closely with The Nature Conservancy,
the state agency staff, and others who have developed methodology and data and were able to share insights
into best practice. This priority was important for two reasons. In addition to providing cost efficiencies,
leveraging and aligning with prior and concurrent efforts helps to build consistency, compatibility and
comparability. Sacramento, Sonoma, and Merced counties can achieve meaningful climate mitigation through
proactive land use and conservation planning, but to avoid the worst impacts of climate change will require
widespread adoption of similar frameworks and thinking not just across California, but the planet. This effort is
one contribution to that dialog and ongoing work.

This project covers the geographic area of Sacramento County. This region was selected due to its general
alignment with SMUD service territory, availability of data, and appropriate scale. In order to support future
SACOG work, it is anticipated that this exercise may need to be expanded and refined to extend to the six-
county region. Accordingly, while the outcomes of this project include estimates of landscape carbon
inventories and potentials, these are intended as initial results subject to further refinement. Results should be
treated with due care, recognizing that they are directionally reliable, but, due to data limitations, are not as
spatially precise as would be required to make specific planning decisions. The results, as shown in Chapter 5,
do highlight regions that are high priorities, but these results should not be used at the parcel level, nor used
without further on-the-ground validation for funding or planning decision-making.

1

2

3

4

5
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In order to promote the ongoing refinement of this methodology, throughout the report we document
opportunities to improve the methodology and data. Some of these opportunities were not pursued due to the
initial scope of this study, and some because there remains uncertainty about the relative benefit. Nonetheless,
to be fully transparent these are discussed and documented in Chapter 6 of the report.

Finally, this work is intended to educate policy and decision makers on the opportunities that landscape carbon
and biosequestration provide for the region. The groundswell of activity in Sonoma, Merced, and Sacramento
counties, combined with efforts at the state level, provide a wealth of data that, if properly leveraged, can help
to align economic, social, and environmental sustainability priorities.

1.2 ORGANIZATION OF THE REPORT
This report is organized into four chapters. Chapter 2 outlines the methodology that was developed to model
landscape carbon inventories and forecast scenario-based biosequestration potential for Sacramento County.
The methodology documents data sources, processing, and analyses. Through transparent discussion of the
methodology and its limitations, our goal is that it may serve as a resource for future practitioners.

Chapter 3 summarizes the findings of the current landscape carbon inventory and potential future inventories
based on projected land use scenarios. The results demonstrate that the model is responsive to future land use
scenarios, and capable of representing the carbon implications of development paths.

Chapter 4 explores how to move from reactive modeling – i.e., how do potential scenarios translate into carbon
impacts? – to proactive planning. Through integration into a Marxan model that considers multiple
conservation priorities, the data is used to inform development and conservation planning. This chapter
documents the process and preliminary results. We emphasize that these results are preliminary and based on
simplified modeling, but also highlight that the intent of this exercise was as a proof-of-concept to demonstrate
that there is a viable method to consider carbon as a key conservation input alongside other priorities.

In Chapter 5, we document three distinct project concepts that have the potential to increase landscape carbon.
While the scenarios modeled previously consider the impact of land use or land cover change, the project
concepts explore how improved management can increase landscape carbon without shifts to land use and
land cover. The three concepts are evaluated on the basis of their technical potential and maturity, their
suitability to Sacramento, and potential cost effectiveness. While these are not an exhaustive list of
management opportunities, they are intended to highlight the existing research and breadth of opportunities
to positively impact landscape carbon in the region. Similarly, they highlight the fact that any discussion of
landscape carbon must be local, and that opportunities must be evaluated in a geographically distinct
framework.

Chapter 6 discusses opportunities to expand and refine the methodology with additional time and resources,
recognizing that new datasets, methodologies and models are being developed in parallel to this work. This
section includes suggestions from the workgroup and the technical experts involved in this project in the
hopes of informing a future phase 2 of this work.
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1.3 WORKGROUP AND ACKNOWLEDGEMENTS
As a key component of this landscape carbon evaluation, SMUD composed a small workgroup of stakeholders
with prior experience working to integrate landscape carbon into conservation and planning prioritization
frameworks, who were currently engaged in prioritizing carbon as a decision criteria, or whose work could be
informed by the outcomes of this effort. The following organizations and their representatives shared their
experiences, insights, priorities, and time throughout this process, and their guidance helped improve the
methodology and findings, as well as point the direction for future improvements and next steps. The County
of Sacramento was also invited to participate and was provided periodic updates and draft materials.

Environmental Council of Sacramento
The Environmental Council of Sacramento (ECOS) is a coalition of environmental and
social organizations working for social equity, public health and environmental
sustainability in the Sacramento region, through land use and transportation
planning, and habitat and agricultural preservation. ECOS's Conservation Committee,
Habitat 2020, has worked for over a decade in developing a comprehensive regional
conservation strategy, including partnership with UC Davis, SACOG, Sacramento
County, and TNC for the construction of a regional natural resources data inventory.

The Nature Conservancy
The Nature Conservancy has been developing and advancing the role of nature as a
key part of climate mitigation strategies in California and globally for over 25 years.
In California, this includes the development of greenhouse gas reduction estimates
and accounting methods for natural and working lands at the landowner, county and
state scales.

Sacramento Area Council of Governments
The Sacramento Area Council of Governments (SACOG) is an association of local
governments in the six-county Sacramento Region. Its members include the counties
of El Dorado, Placer, Sacramento, Sutter, Yolo, Yuba and the 22 cities within. SACOG
provides transportation planning and funding for the region, and serves as a forum
for the study and resolution of regional issues.

This workgroup was further supported by a technical advisory committee, whose members each brought
specific domain expertise and insights. Their review of initial findings provided additional clarity, refinement,
and identified opportunities for pursuing future work. Throughout this effort, additional experts were also
generous with their time, knowledge and expertise, and contributed to the methodology and data used in this
study. This was a data intensive exercise with a priority on leveraging best practice and existing data sources.
Each was instrumental in helping the team understand existing methodologies and data, and exploring best
practice to integrate prior work and evolve appropriate methods for this effort.

The project team is grateful for the contributions of the following workgroup members, technical
reviewers, and experts: Matthew Baker, Environmental Council of Sacramento; Michelle Passero, The Nature
Conservancy; David Shabazian, Sacramento Area Council of Governments; Jason Ko, United States Forest Service; Jeffrey
Onsted, California Department of Conservation; Brian Shobe, California Climate & Agriculture Network; David Marvin,
The Nature Conservancy; John Nickerson, Climate Action Reserve; Klaus Scott, California Air Resources Board; Mark
Tukman, Tukman Geospatial
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METHODOLOGY
This section documents the methodology that was developed and used to estimate the current (data year 2014)
landscape carbon inventory in Sacramento County as well as inventories under three future land use scenarios.
The methodology can be broadly broken into several steps as shown in Figure 10, beginning with an
assessment of relevant land use and land cover (LULC) classifications, and ending with LULC-specific carbon
factors for relevant pools applied to the spatial distribution of each LULC across the county. To evaluate future
land use scenarios, new LULC layers were created and carbon pool estimates were calculated. Each step is
described in further detail in the sections below.

Figure 10. Overview of landscape carbon inventory process

APPLY CARBON FACTORS TO CURRENT LULC LAYERS

DEVELOP A PER ACRE CARBON DENSITY BASED ON LULC IN THE
STUDY AREA

APPLY CARBON FACTORS TO SCENARIO-BASED LULC LAYERS

IDENTIFY RELEVANT CARBON POOLS FOR EACH LULC

CLASSIFY THE LANDSCAPE BASED ON SPECIFIC LULCs1
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2.1 LAND USE AND LAND COVER CLASSIFICATIONS
Land in Sacramento County was mapped into land cover classes using U.S. Geological Survey LANDFIRE 2014
data for vegetation type, height and cover.8  The LANDFIRE program, supported by the U.S. Department of
Agriculture Forest Service and U.S. Department of the Interior, is a long-term, satellite-based land cover
mapping program that differentiates land into general (e.g., water, developed and forest, among others) and
specific (e.g., development density and forest type, among others) land use and land cover (LULC) classes.
Furthermore, with multiple years of data and a standardized classification system, the datasets are versatile
and applicable to multiple types of analyses.  The Workgroup agreed that LANDFIRE datasets would be
appropriate for this analysis given that LANDFIRE is a well-established data product and had been used for
TNC’s Sonoma County land carbon project9 with relative success.

Given this past project success and in an effort to build upon existing knowledge and experience, multiple
experts from the Sonoma County project were contacted to discuss the technical aspects of getting to the most
appropriate LULC classes for Sacramento County.  This classification process is particularly important because
it impacts how carbon densities are applied to each LULC class later in the workflow of the project.  During our
discussions, the following two major themes emerged:

¾ Agriculture: Properly classifying agriculture is important given that various types of agriculture have
very different carbon densities based on their dissimilar biomass characteristics.10  For example,
orchards are perennial plants with woody biomass and higher carbon densities than crops that are
grown annually.  Based on this knowledge and in order to align with TNC’s Merced County project,
agriculture was separated into the following three categories to account for the carbon sequestration
differences: general agriculture (agriculture that excludes all orchards and vineyards, for example,
cropland and pasture), orchards, and vineyards.

¾ Urban Forest: LANDFIRE classifies urban or developed areas into multiple categories including low,
medium and high density developed areas, roads and urban vegetation (e.g., shrubs, grassland and
forest).  Although it is possible that the various development densities have different tree canopy area,
it is difficult to collect this resolution of data.  Consequently, smoothing out the urban areas into one
class is an appropriate classification given data availability.  This approach was used in the Sonoma
County project11, and was also applied to this Sacramento County project.

These discussions and emerging trends were particularly applicable to Sacramento County given that urban
centers and agriculture dominate the land area of the county. Several data collection and processing steps were
performed to prepare the 2014 LANDFIRE existing vegetation type (EVT), height (EVH) and cover (EVC) datasets
(rasters with 30m x 30m pixel resolution) 12 for further landscape carbon analysis13.  In order to align with

8 LANDFIRE Existing Vegetation Type, Height and Cover Layers.  Data year 2014, released in 2017. U.S. Department of
Interior, Geological Survey. Online at: http://landfire.cr.usgs.gov/viewer/
9 The Nature Conservancy and Sonoma County Agricultural Preservation and Open Space District. 2015. Conserving
Landscapes, Protecting the Climate: The Climate Action through Conservation Project. San Francisco and Santa Rosa, CA. 28
pages plus appendices.
10 Personal communications with John Nickerson (July 25, 2017 and September 7, 2017) and Dave Marvin (August 1, 2017).
11 Personal communication with Mark Tukman (August 15, 2017).
12 LANDFIRE Existing Vegetation Type, Height and Cover Layers.  Data year 2014, released in 2017. U.S. Department of
Interior, Geological Survey. Online at: http://landfire.cr.usgs.gov/viewer/
13 The Sacramento County shapefile used to set the study area for all datasets was downloaded from the following source:
U.S. Geological Survey.  The National Map Small Scale Dataset.  Online at: https://nationalmap.gov/small_scale/index.html
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Table 1. Descriptions of how LULC classes were defined for the Sacramento County study area.

LULC Designation Description
Agriculture: General This category includes all agriculture except orchards and

vineyards, specifically row crops, close grown crops, wheat,
fallow/idle cropland and pasture and hayland as defined in
LANDFIRE.

Agriculture: Orchard This includes all Western Warm and Western Cool Temperate
Orchards as defined in LANDFIRE.

Agriculture: Vineyard This includes all Western Warm and Western Cool Temperate
Vineyards as defined in LANDFIRE.

Barren This designation includes all barren lands with sparse vegetation
cover.

Forest Forest includes all deciduous and coniferous tree-dominated
landscapes as defined by LANDFIRE. The majority forest cover in
Sacramento County includes foothill pine woodland and savanna
followed by oak forests and woodlands.

Grassland This category accounts for herbaceous landscapes as defined in
LANDFIRE.  Introduced upland vegetation-perennial grasslands
and annual grassland make up a majority of the grassland land
cover in Sacramento County.

Shrubland Shrublands accounts shrub-dominated landscapes as defined by
LANDFIRE.  Shrublands in Sacramento County were mainly mesic
chaparral.

Urban/Developed Urban areas included low, medium and high density
development, roads, and areas designated as urban or developed
forest, shrubland, grassland or herbaceous.

Water This included all open water categories.

carbon densities delineated by the California Air Resources Board (ARB)14, EVT, EVH and EVC datasets were
combined in ArcGIS to get multiple combinations of each within Sacramento County.  This process resulted in
over 2,000 unique combinations in Sacramento County that were later matched with specific carbon densities
that ARB created for the entire State of California.  From these unique combinations and based on the

14 Battles, J.J., Gonzalez, P., Robards, T., Collins, B.M. and D.S. Saah.  2014.  California Forest and Rangeland Greenhouse Gas
Inventory Development: Final Report.  Produced for the State of California Air Resources Board.  Online at:
https://www.arb.ca.gov/cc/inventory/pubs/battles%20final%20report%2030jan14.pdf
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discussions documented above, each EVT, EVH and EVC combination was classified into the following general
land cover classes for further analysis: Agriculture: General, Agriculture: Orchard, Agriculture: Vineyard,
Barren, Forest, Grassland, Shrubland, Urban/Developed, Water. Table 1 provides further information on how
these categories were defined.  The final LULC classes and associated 2014 acreage for this analysis are shown in
Figure 11.

Figure 11. Land use and land cover classifications derived from the LANDFIRE 2014 data for Sacramento County.

The Sacramento landscape is dominated by urban/developed and agricultural LULCs, with approximately 42
percent and 28 percent of the county’s acreage, respectively. While conversion to urban/developed generally
reduces landscape carbon, there are opportunities to store additional carbon in this cover class through urban
forestry and other activities, as discussed in Chapter 5. Opportunities related to agricultural practices are also
discussed. Forests, grasslands, and shrublands each have lower coverage than urban/developed and
agriculture, but as discussed later in this chapter, the carbon densities in these cover classes can be
significantly higher.
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ALTERNATIVE LULC DATASETS EVALUATED

¾ FVEG Dataset: Along with the LANDFIRE dataset, the California Fire and Resource Assessment
Program recently released a 2015 FVEG land use and land cover dataset that compiles the "best
available" land cover data available for California into a single comprehensive statewide data set. The
data span a period from approximately 1990 to 2014, so there are multiple data years that make up a
single dataset.15  This dataset is very similar to the LANDFIRE data, but was not chosen for the
following reasons:

¾ LANDFIRE datasets represent one year of land use and land cover.  There are multiple years
of LANDFIRE datasets, so they can be compared to see change over time if necessary.

¾ The ARB carbon densities described below align directly with LANDFIRE classes, facilitating
less uncertainty in aligning factors with land cover classes and developing inventory
calculations.

¾ Agriculture Classifications: LANDFIRE resolution limits the ability to accurately classify different
types of agriculture at a county or local level.  The following options were considered for detailed
agriculture land classifications16:

¾ TNC is currently developing detailed agricultural classifications which could be used by
applying crop/commodity-specific factors from Saah et al. 2015.  However, the detailed
classifications were not available at the time of this study, so we used the LANDFIRE
classifications.

¾ The California Department of Water Resources recently released a dataset with detailed
agricultural classifications.  This dataset was not released in time to be included in this study,
but may be another consideration for granular agriculture classifications to which the Saah
et al. 2015 crop/commodity specific carbon densities could be applied.

2.2 CARBON POOLS AND DENSITY FACTORS
Carbon is stored in multiple places in landscapes, whether it be in live biomass like trees, grasses or shrubs or in
deadwood and litter and duff produced by live biomass. Table 2 outlines the assessment boundaries used to
quantify carbon in Sacramento County.  Consistent with prior work in other counties, certain carbon pools
were excluded because they are likely to have a negligible contribution to the overall carbon inventory and are
not expected to materially impact the outcome of the landscape carbon analyses completed for this study.
While Sonoma County’s assessment was used as a guide, discussions with individuals engaged in that work
indicated the importance of breaking out vineyards and orchards from agriculture given their carbon storage
potential and economic importance to the region.  The following subsections outline the carbon density data
collection and development process.

15 California Fire and Resource Assessment Program.  FRAP Vegetation (FVEG15_1).  Online at:
http://frap.fire.ca.gov/data/statewide/FGDC_metadata/fveg15_1.xml
16 Personal communication with Dave Marvin (August 1, 2017).



SACRAMENTO COUNTY LANDSCAPE CARBON ASSESSMENT WSP
December 2017

Page 19

Table 2. Carbon assessment boundaries for the Sacramento County study area.

Land Cover Classes
ò = Included
ò = Excluded

Forest Grasslands Shrublands Agriculture Urban Barren
Lands

Water

Ca
rb

on
Po

ol
s

Soil organic carbon ò ò ò ò ò ò ò
Standing live and
deadwood (trees)

ò ò ò ò ò ò ò

Litter and duff ò ò ò ò ò ò ò
Lying dead wood ò ò ò ò ò ò ò
Shrubs (Forests) ò ò ò ò ò ò ò
Shrubs ò ò ò ò ò ò ò
Grasses ò ò ò ò ò ò ò
Crops and Pastures ò ò ò ò ò ò ò
Orchards ò ò ò ò ò ò ò
Vineyards ò ò ò ò ò ò ò
Harvested wood
products and landfill

ò ò ò ò ò ò ò

2.2.1 SOIL ORGANIC CARBON

The U.S. Department of Agriculture Natural Resources Conservation Service publishes a spatial soil survey that
includes California.17  The gridded Soil Survey Geographic (gSSURGO) Database is intended for national,
regional, statewide and local resource planning and analyses, and provides soil organic carbon densities (grams
of carbon per m2) for specified soil types and associated depths.

After resampling the gSSURGO data from 10m x 10m pixels to 30m x 30m pixels to align with the LANDFIRE
pixel size, the 2014 LANDFIRE datasets were combined with the gridded SSURGO data in order to match soil
types with the existing vegetation type, height and cover classes.  After the area of these combinations was
calculated, the corresponding soil organic carbon density (grams of carbon per square meter) was applied. Soil
carbon was evaluated at the 0-30cm depth range consistent with TNC’s Sonoma County analysis.18  Soil carbon
totals were then aggregated to the nine land covers specified above. Because the resolution of the SSURGO soil
organic carbon data does not account for soil carbon impacted by landscapes modified by urban development
or agricultural activity,19  soil organic carbon estimates were adjusted to 48 percent of the original SSURGO
calculations for urban, agricultural (Agricultural: General, Agricultural: Orchard, Agricultural: Vineyard) and
barren land classes to reflect the decomposition of soil converted from natural land cover types to modified

17 United States Department of Agriculture, Natural Resources Conservation Service.  Released November 29, 2016.
Gridded Soil Survey Geographic (gSSURGO) Database for California. Online at: http://datagateway.nrcs.usda.gov/.
18 The Nature Conservancy and Sonoma County Agricultural Preservation and Open Space District, 2015, Appendix B p. 49.
19 The Nature Conservancy and Sonoma County Agricultural Preservation and Open Space District, 2015, Appendix B p. 49.
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types.  The 48 percent factor was selected based on a 2014
paper20 that compared data from 453 sites globally and
determined there to be 52 percent loss in soil carbon in
temperate regions when converting forest to agriculture
land.  A 70 percent soil carbon loss factor (30 percent of the
carbon would be lost from the soil due to conversion)
presented in VandenBygaart et al. 200321 and referenced in
TNC’s Sonoma County report was also considered, but the
48 percent value was selected as it yields a more
conservative soil carbon estimate.  Furthermore, while the
conversion to agricultural lands is not the same as
conversion to urban areas and may have a different soil
carbon loss factors, research on the conversion to
agricultural lands is more prevalent, so the same loss factor
was used for both agriculture and urban conversions.  A
second phase of this Sacramento County study should
further refine the soil carbon loss factor assumptions for
these various land conversions to understand the
differences in factors.

After all of the 2014 carbon estimates were aggregated to LULC classes and the 48 percent factor applied to
urban, agriculture and barren land areas, soil organic carbon densities (metric tons CO2e per acre ) that could
be used to evaluate current LULC and projected LULC based on development scenarios were calculated.  Given
the uncertainty of how the landscape will change in the future, carbon density factors for all LULCs were kept
constant in the 2050 estimates, thus assuming no further degradation associated with development or
agricultural uses. Table 3 provides the soil organic carbon sequestration factors calculated from the LANDFIRE
2014 and SSURGO data.

Table 3. Soil organic carbon density factors used for calculations for the Sacramento County study area.

Land Use or Land Cover MTCO2e/Acre
Agriculture: General 54
Agriculture: Orchard 36
Agriculture: Vineyard 30
Barren 4
Forest 25
Grassland 43
Shrubland 28
Urban/Developed 14
Water 0

20 Wei, X., Shao, M., Gale, W. and L. Li.  2014.  Global pattern of soil carbon losses due to the conversion of forest to
agricultural land
21 VandenBygaart, A.J., Gregorich, E.G., and D.A. Angers.  2003.  Influence of agricultural management on soil organic
carbon: A compendium and assessment of Canadian studies.  Canadian Journal of Soil Science, 83: 363-380.  Online at:
http://www.nrcresearchpress.com/doi/abs/10.4141/S03-009

A NOTE ABOUT THE UNITS USED IN THIS
STUDY

Landscape carbon and carbon densities are
often expressed in units of mass carbon/unit
land area, rather than as CO2e/land area. The
latter is standard for expressing exchange
with the atmosphere (flux). All units in this
report are presented in MTCO2e in order to
avoid confusion, and emphasize the
potential impact that the landscape carbon
would have if released to the atmosphere.
MTCO2e can be converted to metric tons of
carbon by dividing the MTCO2e by 3.67 (ratio
of the molecular weight of carbon dioxide to
carbon or 44/12).
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2.2.2 BIOMASS CARBON

A majority of the pools listed in Table 2 – including standing live and dead trees (forests and urban forests),
forest litter and duff, forest lying deadwood, forest shrubs, shrublands, grasslands, and agriculture (crops and
pasture, orchards, and vineyards) – are comprised of biomass carbon.  TNC’s Sonoma County project compiled
multiple methods to quantify carbon for these pools, all of which were reviewed and evaluated. Through
consultation with ARB, a database22 ARB has developed on biomass and carbon densities for combinations of
LANDFIRE vegetation types, heights and cover classes for wildlands in the entire State of California was selected
instead.

In the context of the ARB data, wildlands are generally all areas within California except for land classified as
agricultural or urban.  Furthermore, the database also provides factors for agriculture vegetation types and
county-specific urban forests, allowing for a comprehensive set of factors to be used for Sacramento County
calculations. Table 4 maps the ARB classifications, general land cover classifications and associated carbon
pools used in this study.  These datasets are a result of work completed23 and updated24 by ARB in recent years
for the Forest and Natural Lands portion of California’s Greenhouse Gas (GHG) Inventory25.  Given that these
datasets and carbon factors align with LANDFIRE, are California-specific, and were integral in ARB’s recent GHG
inventory work, the workgroup agreed that using these data would be relevant and applicable to Sacramento
County for this analysis.

Table 4. Relationships between LULC classifications defined for this study, carbon pools and ARB classifications.

LULC Classification Used in this Study ARB Classification Carbon Pool
Agriculture: General Agriculture Crops and pastures
Agriculture: Orchard Agriculture Orchards
Agriculture: Vineyard Agriculture Vineyards
Barren Land Wildlands Shrubs and grasses*
Forest Wildlands Standing live and deadwood (trees), litter and

duff, lying dead wood, shrubs (Forests)
Grassland Wildlands Grasses
Shrubland Wildlands Shrubs
Urban/Developed Urban Standing live and dead wood (trees)
Water Wildland Excluded from this analysis

*Barren lands generally have no or sparse vegetation.  The ARB factors account for a minimal amount of aboveground
biomass likely to be shrubs or grasses, so barren lands contribute a small quantity of carbon storage on the landscape.

22 Personal communication with Klaus Scott (August 22, 2017).
23 Gonzalez et al. 2014.
24 Saah, D., Battles, J., Gunn, J., Buchholz, T., Schmidt, D., Roller, G., and S. Rosmos.  2015.  Technical improvements to the
greenhouse gas (GHG) inventory for California forests and other lands. Submitted to: California Air Resources Board,
Agreement #14-757. 55 pages.  Online at: https://www.arb.ca.gov/cc/inventory/pubs/arb_pc173_v004.pdf
25 California’s Forest and Other Natural Lands Inventory can be found online at:
https://www.arb.ca.gov/cc/inventory/sectors/forest/forest.htm
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This analysis applied the wildland, agricultural and urban forest densities to the LANDFIRE 2014 vegetation
type, height and cover class combinations26 aforementioned in the Land Use and Land Cover Classifications
section as follows:

¾ Wildlands: Carbon factors (metric tons of carbon per hectare) that accounted for above and
belowground biomass were multiplied by the land area of each combination of vegetation type, height
and cover class, converted to CO2e, and the totals were aggregated to the LULC classifications used in
this study.

¾ Agriculture: The ARB data provided carbon factors (metric tons of carbon per hectare) by LANDFIRE’s
existing vegetation type category.  This granularity allowed for the separation of orchards and
vineyards from other types of agriculture.  Carbon factors were multiplied by the land area of each
agricultural vegetation type, converted to CO2e, and the totals were aggregated to the Sacramento
County LULC classifications.  Saah et al. 2015 describes the methodology to derive the carbon factors in
detail, but a quick summary of the methods is below:

¾ Crops and Pasture: For crops, Saah et al. 2015 weighted biomass and carbon values based on
statewide acreage allocation of multiple crop types where data were available.  A single
weighted statewide carbon stock value for aboveground biomass was then calculated from
these multiple crop types.27

¾ Orchards and Vineyards: A literature review of biomass and above and below ground carbon
estimates for orchards and vineyards yielded data for almonds avocadoes, oranges and grapes.
Saah et al. 2015 calculated carbon content by using published data on tree or vine biomass
estimates and the typical planting density of each species.28

¾ Urban: The ARB data contained urban forest carbon densities (metric tons of carbon per hectare) by
county, so the Sacramento County factor was applied to all Urban/Developed area and converted to
CO2e.  Saah et al. calculated this single factor from urban forest biomass stock data that consisted of
multiple data inputs including but not limited to tree plot data, itree canopy cover data, parcel and land
use data, and climate zone data as described in Bjorkman et al. 2015.29

After all 2014 carbon estimates were aggregated to LULC classes, carbon densities (metric tons CO2e per acre)
were calculated on the aggregate data and applied to the LULC land areas for the 2050 development scenarios
described in the Future Land Use Scenarios section below.  Given the uncertainty of how the landscape will
change in the future, sequestration factors for all LULCs were kept constant in the 2050 estimates to provide an
order of magnitude emissions figure. Table 5 provides the biomass carbon sequestration factors used for this
study.

26 There were a few instances where Sacramento County combinations did not match those of the ARB data so no carbon
factors matched.  In these cases, a weighted average of that specific LULC class’s factors was applied that to these
unmatched combinations.  When excluding the water land class, this accounted for roughly 2% of the land area in
Sacramento County and is likely due to the precision and resolution of the LANDFIRE data.
27 Saah et al. 2015, p. 18-21.
28 Saah et al. 2015, p. 13, 16-17.
29 Bjorkman, J., J.H. Thorne, A. Hollander, N.E. Roth, R.M. Boynton, J. de Goede, Q. Xiao, K. Beardsley, G. McPherson, J.F.
Quinn. 2015. Biomass, carbon sequestration and avoided emission: assessing the role of urban trees in California.
Information Center for the Environment, University of California, Davis.
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Table 5. Biomass carbon density factors used for calculations for the Sacramento County study area.

Land Use and Land Cover MTCO2e/Acre
Agriculture: General 9
Agriculture: Orchard 27
Agriculture: Vineyard 6
Barren 3
Forest 145
Grassland 10
Shrubland 106
Urban/Developed 14
Water 0

ALTERNATIVE DATASETS EVALUATED

Forests

¾ The 2013 FIA forest carbon raster layer could be used to calculate carbon for forest sources .  Given
that the ARB dataset incorporates FIA data into its forest calculations and has detailed factors for
each LANDFIRE combination of existing vegetation type, height and cover class in California, it was
selected as a comprehensive dataset for all biomass sources.30

¾ The Oregon State University Landscape Ecology, Modeling, Mapping, and Analysis (LEMMA) program
dataset likely has more refined classifications than LANDFIRE, but does not align as well with the ARB
carbon densities provided by ARB.  LEMMA could be used for future analyses, but its advantages
must be weighted against alignment with ARB.31

Forest Litter and Duff, Lying Deadwood, Shrubs

¾ The Sonoma County study used the US Forest Service’s Carbon Online Estimator (COLE) to calculate
carbon from these sources.  COLE uses continuously updated data from regional and local forest to
provide tons of carbon per hectare for specific forest types and species.  The COLE methodology was
established prior to the ARB dataset being complete.  While these COLE factors could be mapped to
LANDFIRE classes, as specified in the Sonoma County methodology, ARB’s dataset included these
carbon sources in their aboveground and belowground carbon factors.32

Grasslands

¾ In its Sonoma County work, TNC applied a 1 MTCO2e/acre aboveground biomass carbon density for
grasslands due to the fact that it is very difficult to quantify carbon factors for grassland.  The ARB
dataset used in this study did contain grassland density factors that were similar to the TNC factor.

30 Wilson, B.T., Woodall, C.W., and D.M. Griffith.  2013.  Imputing forest carbon stock estimates from inventory plots to a
nationally continuous coverage.  Carbon Balance and Management, 8 (1).  Online at:
https://cbmjournal.springeropen.com/articles/10.1186/1750-0680-8-1
31 Oregon State.  Landscape Ecology, Modeling and Mapping Analysis: GNN Structure (Species-Size) Maps.  Data posted
August 2014.  Online at: https://lemma.forestry.oregonstate.edu/data/structure-maps
32 FIA COLE data can be found online at: https://www.fs.usda.gov/ccrc/tools/cole
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2.2.3 HARVESTED WOOD PRODUCTS AND LANDFILL

Carbon persists in solid form for extended periods of time as wood products in use and as decomposing discards
in landfills.  Carbon from this source was calculated following the Climate Action Reserve’s Harvested Wood
Products Calculation Worksheet as described in the TNC Sonoma County methodology33 using annual timber
harvest data from the State of California’s Board of Equalization34 by converting harvest volume, reported in
board feet log volume, into sawtimber CO2e (Table 6).

Table 6. Data conversions used to convert harvested log volume into metric tons of CO2e stored.35

Data unit in Conversion* Data unit out
Log volume in thousand board
feet (scribner long volume)

145 Log volume in cubic feet

Log volume in cubic feet 0.0283 Log volume in cubic meters
Log volume in cubic meters 0.675 Sawtimber in cubic meters. Conversion is a measure

of mill efficiency.
Sawtimber in cubic meters 0.3990 Sawtimber biomass. Conversion is the specific

gravity in softwoods.
Sawtimber biomass 0.5 Sawtimber carbon
Sawtimber carbon 3.67 Sawtimber CO2e
Sawtimber CO2e 0.76 Sawtimber remaining long-term (100 years) in wood

products and/or in landfill.

*All conversion units based on guidance from Climate Action Reserve from Harvested Wood Products Calculation
Worksheet guidance (http://www.climateactionreserve.org/how/protocols/forest/).

Timber yields for the past decade indicate that Sacramento County has had zero or negligible yield, so after
thorough evaluation this carbon pool is considered to be de minimis and set equal to zero.

2.3 CALCULATING LANDSCAPE CARBON IN SACRAMENTO COUNTY
Based on the LULC classifications and LULC-specific carbon pool densities developed, calculating the landscape
carbon inventory is a relatively straightforward exercise, applying a carbon density to the acreage of each
LULC.  Biomass carbon and soil carbon quantities are then aggregated to calculate a total carbon sum for each
LULC in study area, as shown in Figure 12.

33 Table adapted from The Nature Conservancy and Sonoma County Agricultural Preservation and Open Space District,
2015, Appendix B p. 57.
34 California State Board of Equalization: Timber Yield Tax Harvesting Statistics.  California Timber Harvest by County 1994-
2015.  Online at: http://www.boe.ca.gov/proptaxes/timbertax.htm
35 Table adapted from The Nature Conservancy and Sonoma County Agricultural Preservation and Open Space District,
2015, Appendix B p. 57.

http://www.climateactionreserve.org/how/protocols/forest/
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Figure 12. Conceptual landscape carbon quantification methodology

2.4 FUTURE LAND USE SCENARIOS

2.4.1 UPLAN URBAN GROWTH MODEL BACKGROUND

Development scenarios modeled out to 2050 were used to understand how future development may impact
landscape carbon quantities in Sacramento County.  Modeling to 2050 aligns with SMUD’s Board objectives,
California’s Climate Action Plan, and prior work by TNC in Sonoma County and Merced County. Three
methodologies were considered for projecting land carbon densities under business-as-usual. The first method,
aligned with jurisdictional accounting, evaluates a historical trend and extrapolates it linearly to estimate
future land use and emissions. This method is useful in carbon crediting regimes because it helps to provide an
accounting backstop to manage leakage. However, it does not consider existing land use constraints or zoning,
and was therefore not selected. The second method considered would use Sacramento County’s full build out
scenario from the South Sacramento Habitat Conservation Plan (SSCP)36.  When compared to UPlan, which is a
development scenario for the State of California, the SSCP plan has the advantage of being Sacramento-specific
and accounts for conservation; however, at the time of this report, the data granularity needed for this analysis
was not available.  The final option uses the UPlan Urban Growth Model developed by the UC Davis Information
Center for the Environment (ICE). The UPlan method was selected because it provides, in addition to a
business-as-usual scenario, several alternative land use scenarios.  UPlan is a rule-based, spatially explicit urban
growth model that:

¾ Is based on a population projections, existing infrastructure and factors that would attract or
discourage development,

¾ Accounts for various urban growth and development policies,

¾ Is intended for regional or county level modeling, and

¾ Projects development to 2050.37

36 Sacramento County.  The South Sacramento Habitat Conservation Plan.  Online at: http://www.southsachcp.com/
37 UC Davis Information Center for the Environment.  UPlan: Urban Growth Model.  Online at:
http://ice.ucdavis.edu/project/uplan
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It is important to note that actual patterns of development are also influenced by factors other than those
specified above, and consequently, the UPlan model does not forecast exact development patterns, but rather
estimates the magnitude and spatial pattern of growth under different policies. 38  These estimates are useful in
understanding where development might occur and the land uses and land covers that it could affect.
Furthermore, UPlan’s multiple land use policy scenarios provide an opportunity to compare future scenario-
specific landscape carbon estimates to the 2014 base year inventory.  This study evaluated the following land
use scenarios from the UPlan model for Sacramento County39:

¾ Business as Usual (BAU): This scenario simulates legally permissible urban sprawl, and represents no
change in current California policy.  The percentage of population placed in each residential density
class is similar to current residential patterns as outlined by the 2010 US Census.  The model also
assigns new population to lower density residential classes that require more land area, creating more
of a sprawling effect than other scenarios.

¾ Compact New Growth (CNG): This scenario increases the density of new growth and situates it closer
to existing urban areas.  For example, much of the new population is situated in new, high density
living areas, and urban growth is concentrated around existing towns and cities.  High density
development has a higher percentage of new households than low density development when
compared to the BAU scenario.

¾ Infill (IF): This is a redevelopment scenario that adds a proportion of new growth inside existing urban
centers.  New population is placed in urban areas, causing some places to become denser than the BAU
and CNG scenarios.  Given these conditions, this scenario, amongst the three used in this study,
represents the least expansive urban sprawl.

2.4.2 APPLYING UPLAN TO SACRAMENTO COUNTY

Sacramento County UPlan data from the UC Davis Information Center for the Environment consists of 50m x
50m raster layers for the business-as-usual, compact new growth and infill scenarios.40  These data reflect urban
area by land use and density class (e.g., low and high density commercial, industrial, and multiple densities of
residential areas).  This detail of data clarifies the types of urban land uses being projected; however, for this
study, all urban land use and density categories were reclassified to represent one urban class so that the
county-specific soil carbon and biomass carbon factors mentioned previously could be applied to urban area.

Before being able to apply this urban forest carbon density, UPlan data was overlaid on LANDFIRE data to
create new LULC layers, effectively replacing certain areas of the LANDFIRE data with development data. UPlan
rasters were also resampled to a pixel size of 30m x 30m to align with the LANDFIRE resolution, and then a
UPlan mask was created by reclassifying the data into urban areas and non-urban areas.  Using raster
calculator, this mask was added to the 2014 LANDFIRE layer and data were reclassified into the LULC classes
defined previously in order to create final data layers for each scenario. Figure 13 depicts the final layers for
2014 and each 2050 scenario, clearly showing the impact that projected development may have on the
landscape. Areas for each LULC class were tabulated in ArcGIS, exported to Microsoft Excel and multiplied by
the biomass and soil organic carbon factors to get landscape carbon totals for each scenario.

38 Thorne, J.H., Santos, M.J., Bjorkman, J., Soong, O., Ikegami, M., Seo, C., and L. Hannah.  2017.  Does infill outperform
climate-adaptive growth policies in meeting sustainable urbanization goals? A scenario-based study in California, USA.
Landscape and Urban Planning (157), p. 483-492.
39 Scenario definitions from: Thorne et al., 2017, pp. 484 - 485.
40 Personal communication with Patrick Huber (August 16 and August 21, 2017).
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Figure 13. Land use and land cover in Sacramento County for 2014 historical data and the 2050 UPlan projections.
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LANDSCAPE CARBON INVENTORY FINDINGS
AND DISCUSSION

3.1 CURRENT INVENTORY AND FORECAST SCENARIOS
The results of the carbon inventory reflect that there is a substantial quantity of carbon sequestered by lands in
Sacramento County.  Based on LANDFIRE 2014, Sacramento County lands held roughly 36.3 million MTCO2e in
aboveground biomass, belowground biomass, and soils.  General agriculture, shrublands and urban areas make
up a majority (approximately 80 percent) of landscape carbon in the 2014 inventory (Figure 14).  Forests and
grasslands consist of about 16 percent of the landscape carbon in the county with the rest of the LULCs
accounting for approximately 3 to 4 percent of the inventory.  These results are intuitive given that urban,
agriculture and shrubland areas dominate the acreage of the county.  Furthermore, although forests only make
up approximately 3 percent (Figure 15) of county acreage, their high biomass and soil carbon sequestration
rates cause them to account for 8 percent of the 2014 inventory (Figure 14).

When comparing 2014 inventory results to those of the 2050 scenarios, the 2014 inventory aligns closely with
the infill scenario while the BAU and compact new growth scenarios show similar trends (Figure 14). About 0.5
million MTCO2e are lost in the infill scenario when compared to the 4 to 5 million MTCO2e lost in the BAU and
compact new growth forecasts (Table 7).  These results support the definitions of these scenarios in that the
infill scenario mainly increases existing urban density with little additional sprawl while the BAU and CNG
scenarios increase development outside of existing urban areas. Development from the BAU and CNG scenarios
has the largest impact on general agriculture land area, reducing acreage in that category considerably.
Development from these scenarios also significantly reduce the landscape carbon of both the general
agriculture and shrubland categories.  Projected development that replaces shrubland and general agriculture
exacerbates the carbon impacted because shrublands have a high biomass carbon density and general
agriculture has a high soil carbon density.  This trend will be important to consider when planning for future
development as developing over certain land covers without enhanced management or supportive policy
development, even if the land area is small, will have a higher carbon impact than others. Carbon storage can
be maintained and even enhanced with awareness of its potential and supportive policy development.
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Figure 14. Carbon contained in Sacramento County land by category for 2014 and the 2050 scenarios.

Figure 15. Land area by land use and land cover in Sacramento County for 2014 and the 2050 scenarios.
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Table 7. 2050 UPlan scenario net change in acreage and landscape carbon from 2014 for Sacramento County.

2050 BAU 2050 CNG 2050 Infill
Land Use and Land
Cover

Thousand
Acres

Net Carbon
Change (Million

MTCO2e)*

Thousand
Acres

Net Carbon
Change (Million

MTCO2e)*

Thousand
Acres

Net Carbon
Change (Million

MTCO2e)*
Agriculture: General -42 -3 -33 -2 -3 -0.2
Agriculture: Orchard -2 0 -1 0 0 0.0
Agriculture: Vineyard -6 0 -6 0 0 0.0
Barren -2 0 -2 0 0 0.0
Forest -6 -1 -5 -1 -2 -0.3
Grassland -17 -1 -16 -1 -1 -0.1
Shrubland -23 -3 -18 -2 -1 -0.1
Urban/Developed 99 3 82 2 8 0.2
Water -1 0 -1 0 0 0.0
Total 0 -5 0 -4 0 -0.5

* Carbon accounts for carbon stored in aboveground and belowground biomass and soils.  Numbers may not add up to the
total due to rounding.

3.2 TECHNICAL POTENTIAL
For the purposes of this study, the technical potential for improved carbon storage is defined as the difference
between the BAU scenario and alternative outcomes. The technical potential is an important consideration
because it represents the carbon value that can be generated from the landscape, either to supplement or allow
tradeoffs with alternative climate mitigation alternatives. For example, holistic planning should consider
landscape carbon in the context of transportation, energy, and short-lived climate pollutant emissions,
allowing each lever to be used in a cost-effective manner aligned with community, economic, and social needs.

The BAU UPlan scenario can be compared both to the current landscape carbon inventory as well as the
compact new growth and the best-performing infill scenario.  When considering only development scenarios as
a variable, the current inventory has the highest technical potential because there has not been additional
urban area added to the county, and landscape carbon storage is 5.2 million MTCO2e greater than the BAU
scenario, as shown in Figure 16. Furthermore, an infill scenario that densifies urban areas and reduces
development outside of urban boundaries provides an applicable approach to realizing the sequestration
potential of the current inventory, increasing landscape carbon by about 4.7 million MTCO2e relative to the
BAU scenario with the compact new growth scenario performing less well, as shown in Figure 17.
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Figure 16. Technical potential for landscape carbon in Sacramento County, showing the differences between the 2014 inventory and
the BAU scenario.

Figure 17. Technical potential for landscape carbon in Sacramento County, showing the differences between the BAU, compact new
growth and infill scenarios.

These technical potentials are conservative estimates because they consider only the avoidable emissions from
conversion to urban/developed land use. However, there are additionally opportunities to increase landscape
carbon through improved practices within land use and land cover types. In Chapter 5, we evaluate in greater
detail several project concepts among many similar opportunities. Two project concepts in particular
demonstrate scalable opportunities: manure application and urban forestry. Based on COMET-Planner, a
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nutrient management regime that replaces synthetic fertilizer with beef feedlot manure41 can sequester 0.21
MTCO2e per acre per year. If half of croplands in Sacramento County improved nutrient management regimes,
this could equate to an additional cumulative technical potential of nearly 278 thousand MTCO2e42 by 2050
across Sacramento County. Similarly, improving and expanding urban forests increases carbon in biomass. If
the General Plan goal of doubling urban forest canopy cover was achieved by 2050, this would effectively
double the biomass carbon in urban/developed land uses. Based on current sequestration rates, this would
equate to an additional 1.9 million MTCO2e by 2050.43

The potential sequestration from these opportunities is intended to be indicative of how specific management
strategies can increase the technical potential beyond the values shown in Figure 16 and Figure 17. Adding
these two opportunities would bring the technical potential relative to BAU up to 6.9 million MTCO2e, as seen in
Figure 18.  Additional management practices not researched in this study would likely bring this estimate
higher, and should be explored through future work. In its efforts in Merced County, TNC is developing a series
of such activity sheets that document specific opportunities, important considerations, and their sequestration
potential. These papers will be an important contribution, and should be evaluated closely upon their release to
understand how those opportunities may change the technical potential calculated here for Sacramento
County.

Figure 18.  Technical potential for landscape carbon in Sacramento County, employing the infill development scenario, doubling urban
forestry canopy and improving nutrient management on 50% of general agriculture.

41 Beef feedlot manure was chosen because it has the highest sequestration factor of accessible manure in Sacramento
County.
42 Assumes 50% of Agriculture: General adopts cow manure fertilization between 2014 and 2050.
43 Refer to the Urban Forestry section in Chapter 5 below for this estimate.
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MARXAN INTEGRATION

4.1 MARXAN OVERVIEW
Marxan is optimization software designed for use in conservation reserve design.44 It was originally designed
for use in selecting marine reserves and, more generally, in designing spatially-explicit conservation reserve
networks. It is a widely used conservation planning tool, used globally in a wide variety of reserve planning
contexts. More than 100 peer reviewed papers describe some of the projects in which it was used by scientists
or planners in support of conservation decisions.

Marxan works by using a simulated annealing algorithm to
explore many configurations of planning units,
incrementally moving towards solutions that meet inputted
conservation objectives in “low cost” ways. “Cost” is defined
by the user; it can refer to monetary cost but more generally
refers to the suitability of a given planning unit for inclusion
in a final conservation network. While it is unlikely that
simulated annealing will produce an absolute lowest cost
solution, it will identify multiple sets of planning units that
comprise relatively low cost, or most suitable, solutions to
meeting a user’s conservation objectives.

4.1.1 INPUTS

Marxan uses three fundamental input tables (files) for an optimization analysis. The first is the “planning
units” table file. This table is a list of all the objects that could potentially be selected for inclusion in a planning
process. Typically, these would be land parcels. Each planning unit is given: 1) a unique ID; 2) a “cost” for
inclusion in a final conservation network; and 3) a status (i.e. whether eligible to be selected, “locked in” a final
Marxan solution, or “locked out” of a solution).

The second required input file is the “species” file. This table lists every conservation target in an analysis as
well as the goal for inclusion of that target. Typically, these could be species occurrences, land cover types, etc.

The final input table in Marxan is the “planning unit vs. species” file. This table details the amount of each
conservation target present in each planning unit.

In future iterations of the analyses presented here, stakeholder input will be used to set these values

4.1.2 MODEL PARAMETERS

Marxan has a number of parameters that can be adjusted to best capture the conservation goals of the user.
Some of the typically used parameters are “runs”, “iterations”, and the “boundary modifier”.

44 Ball, I.R., H.P. Possingham, and M. Watt. 2009. Marxan and relatives: software for spatial conservation
prioritisation. Chapter 14: Pages 185-195 in Spatial conservation prioritisation: quantitative methods and
computational tools. Eds Moilanen A., Wilson KA, and Possingham HP. Oxford, UK: Oxford University Press.

The outcomes from this assessment
can be used to identify the locations
most susceptible to conflict between
the carbon and agricultural
preservation goals of the region and
the expansion of urban areas.
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While Marxan is not designed to identify a true lowest cost solution to a given conservation problem, it does
generate multiple low cost solutions. To do this, an input file is created that tells Marxan how many runs to
undertake. At the end of each run a set of potential planning units is identified that meets the targeted
conservation goals. Generally, Marxan analyses use multiple runs in order to fully explore the range of
potential solutions.

The input file also includes the number of iterations (i.e. combinations of planning units) to assess in the course
of each run. The greater the iterations, the closer is Marxan’s approach to an optimum solution. However,
computing time increases as well, so a balance between optimization and computing time is typically sought.

The boundary modifier is a multiplier applied to the total boundary length of the conservation network
identified during a run. The higher this modifier is set, the greater clumping of planning units in the solution
occurs. This modifier requires calibrating in every analysis to achieve the desired clumping because it simply
acts as a multiplier to other costs.

4.1.3 OUTPUTS

Marxan generates two types of output tables. The first is the “best” solution, i.e. the single lowest cost set of
planning units identified for all of the runs. The value is binary, a unit is either included in the set or not.

The second output table is the “summed solution” table. This file describes the number of runs in which the
planning unit was included as part of a low-cost solution. Here, each planning unit is scored 0 to n, with n equal
to the total number of runs Marxan performed. This score can be thought of as an “irreplaceability” metric for
the planning units. Those with a higher score are likely more critical in addressing the conservation goals in a
low-cost manner, while those with a lower score are generally more substitutable.

4.2 METHOD OF INTEGRATION
Eight scenarios were developed to demonstrate the use of Marxan in assessing carbon sequestration
opportunities in Sacramento County.

The first four scenarios exclusively used carbon sequestration potential as a conservation target (Table 8,
Scenarios 1-4), with the conservation goal set at 33% of the current estimated stock in Sacramento County.
Scenarios 5-8 also used carbon exclusively; however, the carbon conservation goal was set at 50% of the total.
The latter four also included prime farmland conservation goals (Scenarios 9-12). Farmland Mapping and
Monitoring Program (FMMP) data were used to represent prime agricultural land and agricultural land of
statewide importance. Farmland goals were set at 25% of the county total. These goals were selected to be large
enough that relatively large hotspots could be identified while not being too large and forcing Marxan to
simply select most of the planning units containing the conservation features. Within this range, however, the
goals were arbitrarily set.
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Table 8. Scenarios used to demonstrate the use of Marxan in assessing carbon sequestration opportunities in Sacramento County

Scenario Target Goal (%) Cost Boundary
1 Carbon 33 Equal 0.001
2 Carbon 33 BAU 0.001
3 Carbon 33 Smart growth 0.001
4 Carbon 33 Infill 0.001
5 Carbon 50 Equal 0.001
6 Carbon 50 BAU 0.001
7 Carbon 50 Smart growth 0.001
8 Carbon 50 Infill 0.001
9 Carbon, prime ag 33, 25 Equal 0.001
10 Carbon, prime ag 33, 25 BAU 0.001
11 Carbon, prime ag 33, 25 Smart growth 0.001
12 Carbon, prime ag 33, 25 Infill 0.001

Within each of these three sets of conservation goals, scenarios were also developed that took into
consideration future urban growth models developed through the UPlan modeling tool. One scenario used the
current urban context (Scenarios 1, 5, 9), while the other three scenarios used either: 1) a “business-as-usual”
growth model (BAU, Scenarios 2, 6, 10), 2) a compact new growth model (CNG, Scenarios 3, 7, 11), or 3) an infill-
focused model (INF, Scenarios 4, 8, 12). These urban growth models were used to discourage the selection of
planning units to meet conservation goals that also were likely to experience future urbanization. This was
accomplished through altering the Cost scores in the planning unit input files. Scenarios 1, 5, and 9 assumed all
planning units would have an equal cost. Costs in the other scenarios were adjusted to fit a 0.5-1.0 scale, with
planning units with no expected urban growth having a score of 0.5 while those expected to be fully urbanized
having a cost score of 1.0.

All 12 scenarios were run using a boundary modifier (BLM) of 0.001. This value was chosen after running a
number of sample analyses to calibrate the outputs to a pattern that may possibly be the most useful for
identifying future land management areas. The BLM was large enough that it forced some clumping of the
selected planning units into larger potential management areas without being so large that planning units were
simply being selected to reduce the overall boundary length of the outputs.

We designated as locked those planning units whose centroids were located within existing public or private
conservation areas (as denoted by CPAD: California Protected Area Database). These currently existing
conservation areas can serve as “seeds” around which new conservation areas may be identified, leading to
larger and potentially easier to manage future conservation areas. Planning units comprised of 50% or greater
urban land use (as represented in the FRAP land cover dataset: Forest and Range Assessment) were locked out
of consideration in Marxan. The decision was made in order to steer identified areas of conservation emphasis
away from the immediate vicinity of developed areas.

Each scenario was run 100 times, using 100,000,000 iterations for each run. Outputs included a table of the
planning units selected during the single highest scoring run as well as scores (0-100) for each planning unit
representing the number of runs in which it was selected as part of an “efficient” solution.



SACRAMENTO COUNTY LANDSCAPE CARBON ASSESSMENT WSP
December 2017

Page 36

4.3 FINDINGS
Results from the Marxan analyses included eight “best solution” output tables and eight “summed solution”
output tables. Figure 19 shows the summed solution results from Scenarios 1-4. The outputs are similar across
the urban growth scenarios, demonstrating that much of the high carbon value portions of the county are not
likely to experience a large amount of urbanization. These areas are largely comprised of relatively natural
shrubland and woodland ecosystems.

Figure 19. Summed solution outputs for Scenarios 1-4 .The color ramp for summed solution scores ranges from red (high value) to blue
(lower value). Areas without colored planning units were not selected in any of the 100 Marxan runs. Green areas are existing
conservation lands (fee title or easement).

Figure 20 shows the results of increasing the conservation goal for carbon. Additional areas closer to
Sacramento, in the southeastern portion of the county, and in the low elevation farmland in the southwestern
portions of the county were selected in addition to the shrublands and woodlands that dominated the first four
scenarios.
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Figure 20. Summed solution outputs for Scenarios 5-8. For these scenarios, the carbon conservation goal is set to 50%. The color ramp
for summed solution scores ranges from red (high value) to blue (lower value). Areas without colored planning units were not selected
in any of the 100 Marxan runs. Green areas are existing conservation lands (fee title or easement).

Figure 21 shows the summed solution results from Scenarios 5-8. Including prime agricultural land as a
conservation target leads to planning units in the lower elevation areas along the Cosumnes River, in the
Sacramento Delta, and in Natomas Basin being selected as high value. Again, there are similar patterns
regardless of urban growth scenario. However, there are some differences in planning units selected in the
Rancho Murrieta area, along the Cosumnes River, and in the Sacramento Delta.



SACRAMENTO COUNTY LANDSCAPE CARBON ASSESSMENT WSP
December 2017

Page 38

Figure 21. Summed solution outputs for Scenarios 9-12, which use both carbon and farmland conservation goals. The color ramp for
summed solution scores ranges from red (high value) to blue (lower value). Areas without colored planning units were not selected in
any of the 100 Marxan runs. Green areas are existing conservation lands (fee title or easement).

The urban growth models can be used to assess threat to current carbon sequestration potential in addition to
being used to guide future conservation planning. To demonstrate this approach, we used the urban growth
model under the BAU scenario to assess threat in Scenario 5 (Figure 23). Scenario 5 did not take into regard
future urbanization potential in selecting planning units. We identified planning units that were selected in at
least 50% of the Marxan runs and assessed the projected area of future development under the BAU urban
growth scenario. We classified the hexagons into three categories: x=0; 0<x≤20; and x>20 (where x=acres of
projected development within a hexagon) (Figure 23). The red color ramp illustrates differing levels of threat
due to future projected urbanization.

The combination of conservation value (i.e. Marxan score) and threat (i.e. UPlan outputs) are depicted in the
conceptual diagram in Figure 22. The colored circles refer to the red color ramp in the previous figure. The
locations where particular hexagons fall in this matrix can suggest different conservation strategies. For
example the “high value”/”high threat” hexagons in the upper right could be selected for future conservation
action (e.g. protection through fee title or easement acquisition), while those in the upper left may be
considered relatively secure even without explicit conservation action.
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Using Marxan in a policy-informative manner
requires extensive stakeholder input to set
priorities and targets. However, as a proof-of-
concept and precursor to an active policy
discussion, multiple Marxan test runs
demonstrated how landscape carbon can drive
conservation and land use planning both as a
single variable and in combination with
additional priorities such as farmland
preservation.  While the Marxan outputs in
this study were developed with arbitrary
targets both to demonstrate the capability, and
assess the sensitivity of the model to
parameter variability, Marxan did successfully identify high priority areas based on the input conditions.  High
priority areas generally aligned with areas of shrublands and forests, which have the highest biomass carbon
densities.  The outputs themselves should not be construed as recommendations or used to inform any
planning decision at this time, but the successful integration of landscape carbon data into the framework
removes a significant barrier to integrated, multi-variable planning that reflects a focus on landscape carbon.
The outcomes from this type of assessment can be used to identify the locations most susceptible to the
tradeoff between the carbon and agricultural preservation goals of the region and the expansion of urban
areas.

4.4 OPPORTUNITIES AND LIMITATIONS
Marxan outputs can be very useful in decision support. The software allows for simultaneous consideration of
many factors that affect conservation strategy. However, it can never capture all of the nuanced and important

Figure 22. “Conservation value” vs. “threat” matrix. All
of the planning unit hexagons can be placed into the
matrix based on their Marxan and UPlan scores. Their
location in this matrix can suggest appropriate future
management strategies. The colored circles refer to the
colored hexagons in the following figure.

Figure 23. A comparison of conservation value and potential threat. All
hexagons shown on the red color ramp are those that were selected in at
least half of the Marxan runs (using a 50% target for carbon) using the “no
UPlan” cost score (Scenario 5). The hexagons are classified into three
“threat” categories: x=0; 0<x≤20; and x>20 (where x=acres of projected
development within a hexagon) and displayed accordingly.
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information that land managers are likely to have about a given area. For example, any conservation actions
undertaken are very likely to involve willing land owners; however this information is not available and is not
part of the analysis. No Marxan output should be considered a conservation plan, but rather as a valuable input
to a robust decision-making process.

The analyses here are not meant to be comprehensive conservation assessments of the region, but rather as
demonstrations of investigations that can be undertaken in future planning efforts. These efforts are likely to
include regional biodiversity, wildlife connectivity, riparian protection, and other ecosystem service goals in
addition to carbon sequestration and agricultural protection. Marxan is a flexible, powerful tool for bringing
these multiple types of information to bear in a given planning process and the outputs shown in this chapter
are meant as a starting point for assessments that integrate carbon sequestration with other conservation goals
in Sacramento County.
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PROJECT CONCEPTS
While Chapters 2 and 3 focus on developing countywide landscape carbon inventories and forecasts, and
Chapter 4 explores the potential to use that data to inform conservation and land use planning, these top-down
analyses do not explicitly capture the potential benefits from improved practices within existing land uses. In
agricultural, urban, and wildland setting, there are numerous opportunities to improve landscape carbon and
reduce emissions through practices including urban forest expansion, nutrient management, and myriad
others. This section outlines three such potential opportunities, evaluating the practices on the basis of
suitability to Sacramento County, technical potential, and cost concern. Evaluating these concepts in the
specific context of Sacramento County also highlights the importance of local consideration, and the fact that
concepts are not consistently suitable due to local advantages and disadvantages in the natural environment or
political landscape.

5.1 URBAN FORESTRY

5.1.1 STRATEGY SUMMARY

Urban forests remove and store CO2 from the atmosphere and store it as carbon in above and below-ground
biomass. CO2 is acquired through photosynthesis and converted into cellulose and other materials to create
wood and leaves. The trunk contains about half of the stored CO2, while branches and stems account for 30% of
storage and roots 18-24%. Foliage accounts for just 3% of CO2 storage45.  The sequestration is not necessarily
permanent except in aggregate; however, when a tree dies and decays, the carbon stored is released back into
the atmosphere. Though fast-growing trees uptake CO2 at a faster rate, they tend to live fewer years than their
slow-growing counterparts, releasing CO2 back into the atmosphere sooner upon their decay.

The expansion and management of urban forests creates an opportunity for carbon sequestration. It is
important to choose native species that are better adapted to the climate, as well as choosing a variety of
species to prepare for unforeseen tree disease. Furthermore, the age of the forest should be managed to provide
continual sequestration. Trees release carbon upon decay, so new trees should be planted in their wake to
counteract this release. Comprehensive expansion and management of urban forests has great carbon
sequestration potential, as described in the corresponding section below.

Urban forestry also improves air quality through the uptake of pollutants. The Sacramento Tree Foundation
(STF) estimates that every 100 trees will remove 1,000 pounds of pollutants per year, including 400 pounds of
ozone and 300 pounds of particulate matter, two criteria pollutants of particular concern to Sacramento
County46.

Trees also reduce energy costs by minimizing heating and air conditioning needs through the provision of
shade and acting as wind blocks, a benefit recognized by SMUD and promoted through its shade tree program.47

45 Ravin, Amelia and Raine, Teresa. Best Practices for Including Carbon Sinks in Greenhouse Gas Inventories. CDM Cambridge, MA and
Irvine, CA.
46 Sacramento Tree Foundation 2017. “Air Quality.” Last updated 2017. Accessed September 13 2017. http://www.sactree.com/pages/88
47 SMUD. “Cool and beautify  your home – naturally” Accessed October 2, 2017
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amendment rates and assess the average stable carbon by weight and acre.  81 The Atlas is a program funded
jointly by the DOI Northwest Climate Science Center and the USDA Northwest Climate Hub and developed by
the USDA Agricultural Service Forage Seed and Cereal Research Unit and the Department of Crop and Soil
Science at OSU. Other tools provided by the Atlas include a cost benefit analysis tool that assesses the predicted
harvest yield and the net economic benefit. This tool requires the user to estimate the biochar application rate
in ton per acre, the cost of the biochar per ton, as well as transport and application costs.  The changes in crop
margin are also required (price of crop per acre, average yield in ton per acre, and expected change in yield) as
well as any changes to the fertilizer, lime, and irrigation costs.82

While these tools are tailored to regions in the Pacific Northwest, they allow the user to enter site specific soil
characteristics and can likely be adapted for use in Sacramento County. For example, the biochar
recommendations are specific to biomass feedstock available in the Pacific Northwest, but there is overlap of
feedstock that would be available in the Sacramento County or Northern California (e.g. poultry litter,
ponderosa pine, Douglas fir, and yard waste). This set of tools provides a rough initial estimate of the amount of
stable carbon in a biochar type and the net economic benefit of application (making assumptions concerning
projected crop yield).   With multiple variables, estimating these outputs would need to occur on an
agricultural field scale to produce realistic financial impacts to the growers.

5.3.4 EVALUATION

The volume of carbon sequestered depends on a multitude of factors.  The feedstock basis for the biochar, the
pyrolysis and gasification procedures, and soil characteristics (soil pH, clay content, etc.) can affect the carbon
sequestration potential and stability of the biochar. Biochar can sequester carbon for decades to millennia
depending on surrounding conditions and the quality of the initial biochar. While this is longer than non-
charcoal organic matter in soil, biochar does degrade and the carbon is eventually released.  The International
Biochar Initiative has developed a biochar classification system that estimates the quantity of organic carbon
(grams per kilogram) sequestered in a biochar for at least 100 years (sBC+100) (Table 12).83  The Atlas has
evaluated biochar feedstock types used in its tools based on this classification system.

Table 12. Carbon Storage Classification System and application of System by Pacific Northwest Biochar Atlas.

Carbon Storage
Classes

Carbon Storage Value Pacific Northwest Biochar Atlas: Biochar
Feedstock

5 sBC+100 ≥ 600 g/kg Douglas fir (500°C & 700°C),
Ponderosa pine, Yard debris (700°C)

4 500 g/kg ≤ sBC+100 < 600 g/kg  (no applicable biochar feedstock to
Sacramento County)

3 400 g/kg ≤ sBC+100 < 500 g/kg Yard debris (500°C)
2 300 g/kg ≤ sBC+100 < 400 g/kg Poultry litter (500°C & 700°C)

Yard debris (500°C)
1 sBC+100 < 300 g/kg Poultry litter (350°C)

81 Pacific Northwest Biochar Atlas. Biochar Selection Tool. Accessed October 2 2017.
http://www.pnwbiochar.org/tools/selector/.
82 Pacific Northwest Biochar Atlas. Cost-Benefit Analysis Tool. Accessed October 2 2017.
http://www.pnwbiochar.org/tools/cba/.
83 International Biochar Initiative. IBI Biochar Classification Tool. Accessed October 1 2017.  http://www.biochar-
international.org/classification_tool.
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February 16, 2022 
 
Joelle Inman, Environmental Coordinator 
Sacramento County Planning and Environmental Review 
827 7th Street, Room 225 
Sacramento, CA 95814 
CEQA@saccounty.net  
 
Subject: Notice of Preparation of a Draft Environmental Impact Report for the Coyote Creek 
Agrivoltaic Ranch Project (PLNP2021-00191) (SAC202102795) 
 
Joelle Inman,  
 
Thank you for routing the Notice of Preparation (NOP) for the Coyote Creek Agrivoltaic Ranch 
Project to the Sacramento Metropolitan Air Quality Management District (Sac Metro Air 
District) for review. The project is requesting a use permit to construct and operate a 200-
megawatt, alternating current, photovoltaic solar energy facility on parcels that total 
approximately 2,555 acres in the Cosumnes community of unincorporated Sacramento County. 
Sac Metro Air District comments follow.  
 
Refer to the Sac Metro Air District’s Guide to Air Quality Assessment in Sacramento County1 
(CEQA Guide) when preparing the draft environmental impact assessment (DEIR).  
 
When available, please send a copy of the DEIR to projectreview@airquality.org.  
 
Please contact me if you have questions at (279) 207 – 1127 or rdubose@airquality.org. We 
look forward to reviewing the DEIR.  
 
Sincerely,  

 
Rachel DuBose 
Air Quality Planner / Analyst 
 
C: Paul Philley, AICP, Land Use and Transportation 
 

 
1 http://www.airquality.org/Businesses/CEQA-Land-Use-Planning/CEQA-Guidance-Tools  
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Good afternoon,
The following comments are regarding the NOP of the EIR for the Coyote Creek Agrivoltaic
Ranch Project. We appreciate the opportunity to provide comments.
 
The Tribal Historic Preservation Department has the following comments on the NOP:
 
We ask that the Cultural Resources and Tribal Cultural Resources (TCRs) chapter and
mitigation measures are separate and distinct, and are not combined. This is because tribal
values are used to identify, evaluate, and treat TCRs, while archaeological values are used for
cultural resources. Separating the chapters also allows the opportunity to discuss Tribes in a
contemporary context, especially when consulting under AB 52. The NOP only states that
Information will be summarized in the EIR for tribal cultural resources. A much more rigorous
analysis of the impacts to tribal cultural resources, protection and avoidance measures must
be discussed.
 
Because TCRs have been identified in the planning phase, we ask the TCR chapter adequately
discusses these resources. We ask that the identification, evaluation, and treatment of TCRs
be taken into consideration with the same level of analysis and professionalism by Tribes that
archaeologists are given. The identification and evaluation of TCRs should be no less rigorous
than archaeological resources and can only be accomplished through tribal consultation.
 
UAIC reiterates that California Native American tribes traditionally and culturally affiliated with
a geographic area may have expertise concerning their TCRs (PRC Section 21080.3.1). This
means that archaeologists shall not identify, evaluate, or make recommendations for cultural
items or sites that are considered TCRs unless it is in direct coordination with consulting
Tribes.
 
The following *resources UAIC identifies as TCRs:

Indigenous archaeological sites
Sacred Lands or Sites
Traditional Cultural Properties
Midden/Anthropogenic soils, including disturbed soils
Burials, cremations, and all related burial or ceremonial items
Burial soils
Isolated indigenous objects, including artifacts
Cultural landscapes
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Significant native plants/gathering areas
*Not limited to

 
UAIC requests that the TCR chapter and report does not refer to tribes and their ancestors as
“prehistoric”.

UAIC requests that aesthetic, natural, scenic, and historic environmental qualities are analyzed
in the TCR chapter, as appropriate.

Thank you for involving UAIC in the planning process at an early stage. We ask that you make
this letter a part of the project record and we look forward to working with you to ensure that
TCRs and cultural resources are protected.
 
Sincerely,
Anna Starkey
 
 
 
Please submit all project notifications through our online form. Bookmark this link!
https://secure-
web.cisco.com/1o5MMYGTav6KuW1bjaysRe5sAOIPJlzYnnIcBPAIul5fxuv6Do2Pw5Q2MwtBFVDttq3q4flHPhchXLxHPzj
vFVgmpzOyB-BYLjLt4mBTTz74XGRTmZIFVYlfchi2-7SaBSPaE8kV7QFE82KgI0l83Qnh7aaDxp6Uh_Olj5UA6fxnAktyxU8-
CdcYuOHQkWuPCtZ097EebY53e2QID9KB9Qq5kgERosODN-9cGUNVugduT5uxEe_UGl_vZKZV56M0LK6BxhhB-
5_lSa57U-wEgn54TbZg0VRFj-IJXOxqkvUM/https%3A%2F%2Fauburnrancheria.com%2Fprograms-services%2Ftribal-
preservation%2Fsubmit-agency-notification%2F 

 
 
 

Nothing in this e-mail is intended to constitute an electronic signature for purposes of
the Electronic Signatures in Global and National Commerce Act (E-Sign Act), 15,
U.S.C. §§ 7001 to 7006 or the Uniform Electronic Transactions Act of any state or the
federal government unless a specific statement to the contrary is included in this e-
mail.
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