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Introduction  

  

Recognizing the need for a regional approach to addressing climate change, on January 27th, 

2021, the San Diego County Board of Supervisors voted to create a Regional Decarbonization 

Framework. This framework is intended to inform policy making in regional, county and city 

governments towards reducing greenhouse gas emissions in the San Diego region. It is separate 

from but complements ongoing climate action planning efforts by local governments, as well as 

regional planning in energy, transportation and land-use.   

  

This study is the first step in positioning the region as a global leader in climate planning. It is 

authored by a team led by the University of California San Diego School of Global Policy and 

Strategy, working in collaboration with the Energy Policy Initiatives Center at the University of 

San Diego School of Law and other consultants with technical expertise in energy, 

transportation and building systems. The analysis employs energy systems modeling to guide 

sector-specific analyses in the geospatial aspects of electricity infrastructure, potential for 

natural climate solutions, gaps in transportation sector strategic plans, opportunities and 

challenges in the building sectors, and an analysis of impact of jobs during the transition to 

decarbonization. A local climate policy database is used to identify gaps in the policy landscape 

ǘƻ Ǉǳǘ ŀƭƭ ǘƘŜ ǊŜƎƛƻƴΩǎ ƧǳǊƛǎŘƛŎǘƛƻƴǎ ƻƴ ŀ ǇŀǘƘ ǘƻ ȊŜǊƻ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎΦ  

  

The Regional Decarbonization Framework is intended to anchor the San Diego region in 

emerging best practices from across the nation and globally. It seeks to chart science-based 

pathways towards deep decarbonization that can be implemented in a feasible and expeditious 

timeline. It proposes a paradigm shift in our local economy. The scale and pace of this effort will 

require partnerships between public and private sectors, particularly, business, labor and 

environmental communities. We will therefore continue to seek input and involvement from all 

stakeholders as we begin the process of implementing the goals outlined in this framework.   

  

  

Murtaza H. Baxamusa, PhD, AICP  

Program Manager for Regional Sustainability  

Land Use and Environment Group  

County of San Diego  
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1. Study Framework 

Ryan Jones, Evolved Energy Research 

Key Takeaways 

 Regional and local decarbonization policies should be informed by detailed analyses of 
the energy, transportation, and land use sectors, and these should be consistent with a 
system-wide path to decarbonization at regional, state, and national scales.  

 Sectoral analyses in this report are informed by the results of energy system modeling at 
a state and national level that outline pathways to net-zero emissions, described in 
more technical detail in Appendix A. 

 Technical pathway studies are valuable for ƛŘŜƴǘƛŦȅƛƴƎ ŘŜŀŘπŜƴŘ ǎǘǊŀǘŜƎƛŜǎΤ ƛŘŜƴǘƛŦȅƛƴƎ 
key decision points; identifying commonalities in pathways under sensitivity analyses; 
ŀƴŘ ǎƛǘǳŀǘƛƴƎ ƴŜŀǊπǘŜǊƳ ǇƻƭƛŎȅ ǘŀǊƎŜǘǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ƭƻƴƎπǘŜǊƳ ƎƻŀƭǎΦ 

 Uncertainty necessitates an ongoing planning process, with periodic updating as new 

information becomes available and as progress, or lack thereof, toward goals is 

achieved. 

 

1.1 Introduction 

¢ƘŜ tŀǊƛǎ !ƎǊŜŜƳŜƴǘ Ŏŀƭƭǎ ŦƻǊ άƘƻƭŘƛƴƎ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ Ǝƭƻōŀƭ ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ǘƻ ǿŜƭƭ 

below 2°C above pre-industrial levels and pursuing efforts to limit the temperature increase to 

мΦрϲ/Φέ1 Following the scientific evidence and consensus around climate change, countries and 

local jurisdictions around the world have begun adopting the goal of reaching carbon neutrality, 

ƻǊ άƴŜǘ-ȊŜǊƻΦέ 9ȄŜŎǳǘƛǾŜ hǊŘŜǊ .-55-18 directs California to reach such a target by 2045.  

This Regional Decarbonization Framework (RDF) presents a science-based approach to help 

governments in the San Diego region plan for policies and investments to achieve emissions 

reductions consistent with this state target. The analytical approach consists of two main 

pieces. First, models of the whole energy system, both at national and state levels, are used to 

identify five technically and economically feasible pathways for achieving net zero emissions. 

Second, these results are used to guide detailed sector-level analyses for the San Diego region 

to best follow these pathways. The rationale for this analytical structure follows. 

The RDF begins with the premise that regional and local policies should be informed by detailed 

analyses of the energy, transportation, and land use sectors, and that these should be 

consistent with a system-wide path to decarbonization at regional, state, and national scales. 

Due to the complexity of our energy and climate systems, many analytical approaches examine 

https://www.zotero.org/google-docs/?Hnbkae
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a single sector at a time, often in great detail, but do not explicitly consider interactions 

between sectors. With such an approach, there is a risk that the cumulative actions from each 

sector are either insufficient, unbalanced with respect to cost/effort, or that interactive effects 

lead to unintended negative consequences (e.g., multiple sectors decarbonizing through the 

use of biomass, leading to unsustainable reliance on the resource). To help avoid such an 

outcome, sectoral analyses in the RDF are informed by five pathways to net-zero emissions 

identified by state and national-level models of the whole energy system. This systems-level 

pathways analysis was performed by Evolved Energy Research using models EnergyPATHWAYS 

and RIO, and is based on the methodology and data in an earlier, national-level pathways 

analysis by Williams et al. (2021),2 which also used these models. The modeling effort will 

hereafter be called the Evolved Energy Research (EER) models. For the RDF, modeling tools 

were updated for consistency with the 2021 EIA Annual Energy Outlook and specific zones were 

created for Northern and Southern California to aid in downscaling the insights from the U.S. at 

large. Methods, key assumptions, and results of energy system modeling are presented for the 

state-level in Appendix A and for the national-level in Williams et al. (2021).2 Importantly, in 

instances where the particular circumstances in the region differed from those at a state or 

national level, the San Diego specific insights were retained. Thus, the blueprints (or 

άǇŀǘƘǿŀȅǎέύ ŦƻǊ ǘƘŜ ƭŀǊƎŜǊ ƎŜƻƎǊŀǇƘƛŎ ŀǊŜŀǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ƛƴŦƻǊƳΣ ōǳǘ ƴƻǘ ǘƻ ǇǊŜǎŎǊƛōŜΦ 

Guided by the energy system decarbonization pathways for California as a whole, pathways 

analysis within each sector in the RDF details what would be needed (e.g., infrastructure 

investments, local policy commitments, or policy action in other domains) so that the San Diego 

region is in alignment with a net-zero emissions trajectory for California. Sector-level pathways 

are necessary because technical and political challenges vary by sector, and so too will a 

practical policy strategy.  Of note, each sector is not expected to arrive at net-zero emissions 

independently; rather, each sector is expected to work in conjunction with other sectors and 

California regions as an interconnected system to reach decarbonization goals.  

Lƴ ƭƛƴŜ ǿƛǘƘ /ŀƭƛŦƻǊƴƛŀΩǎ ŎƻƳƳƛǘƳŜƴǘǎ ŀƴŘ ǿƛǘƘ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ-wide energy system analysis, the 

RDF is guided by a system-wide technical pathway that achieves decarbonization by 2045 - the 

system-wide approach helps to ensure consistency of effort and overall success in reducing 

emissions but is not a straitjacket that informs what must be done in each sector. While aiming 

to decarbonize sooner may be desirable from the climate standpoint, national, state, and local 

governments need to move in concert in their policies and investments in order to achieve 

decarbonization, given the interconnected nature of the energy system. 

The following chapters of this report detail how the electricity, transportation, land use, and 

buildings sectors contribute to technical pathways for arriving at net-zero emissions. The RDF 

https://www.zotero.org/google-docs/?ZwUGnb
https://www.zotero.org/google-docs/?yizA2L
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focuses on these sectors because they are major contributors of greenhouse gases, and each 

contain policy levers relevant to county and city government. 

¢Ƙƛǎ ǊŜǇƻǊǘ ŘƻŜǎ ƴƻǘ ǎŜǘ ƻǳǘ ǘƻ ƛŘŜƴǘƛŦȅ ǿƘƛŎƘΣ ƛŦ ŀƴȅΣ ƻŦ ǘƘŜ ǇŀǘƘǿŀȅǎ ƛǎ ǘƘŜ άǊƛƎƘǘέ ǇŀǘƘǿŀȅ ŦƻǊ 

the San Diego region because the best pathway is, at this moment, impossible to know. Instead, 

it shows multiple ways forward in order to elucidate the tradeoffs, decision points, risks, and 

synergies in decarbonization. This is a unique effort to chart out how to reduce carbon 

emissions in the region, and it aims to foster collaboration among various municipalities while 

positioning the region to attract state and federal resources. Decarbonization will require that 

each level of government utilize policy levers within its respective jurisdiction, but also 

collaborate vertically and horizontally across jurisdictions to align long-term goals. The RDF 

provides policymakers, private industry, and stakeholders in the San Diego region the 

information needed to chart a path forward, starting with policies necessary to reach interim 

2030 targets. It also proposes a framework of regional institutional governance that emphasizes 

collaborative policy experimentation and review across governments, industries, and academia, 

with the understanding that such cooperation can allow goals, strategies, and policies to 

improve over time as lessons are learned and circumstances change. 

1.2 Study Questions 

The research team set out to answer two primary questions: (1) what changes are required to 

infrastructure, patterns of energy use, or in the land sector for the San Diego region to 

ŘŜŎŀǊōƻƴƛȊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǎǘŀǘŜΩǎ ƎƻŀƭǎΤ ŀƴŘ όнύ ǿƘŀǘ ǇƻƭƛŎȅ ŀŎǘƛƻƴǎ Ƴǳǎǘ ōŜ ǘŀƪŜƴ ŀǘ ŀ 

local level for the region to achieve these changes? 

It is taken as a given based on past modeling exercises that reaching net-zero in California by 

2045 is both possible and can be done so at manageable costτindeed, monetary savings from 

air quality improvements or avoided adaptation cost are expected to be larger than costs. At 

the same time, the RDF recognizes that many policies necessary for reaching net-zero emissions 

are controlled at the state or federal level and not by local governments. The San Diego region 

can be a vocal advocate for these policies (e.g. federal tax incentives), but the content of what 

needs to be achieved in these other jurisdictions are not a focus in the study. 

1.3 The Role of Pathways in Planning 

The discussion of the role of pathways in planning below draws heavily from a recent report 

from the Commonwealth of Massachusetts.3 Rather than simply referring the reader to that 

report, we have reproduced part of that text here to highlight key ideas. 

https://www.zotero.org/google-docs/?3eBYnr
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¢ƘŜ w5C ǳǎŜǎ ǘƘŜ ǘŜǊƳ άǇŀǘƘǿŀȅέ ǘƻ ƳŜŀƴ ŀ ōƭǳŜǇǊƛƴǘ ŦƻǊ ǘƘŜ ŜƴŜǊƎȅ ǎȅǎǘŜƳ ǘƘŀǘ ǊŜŀŎƘŜǎ 

future GHG reduction targets. The term can refer to both a specific strategy and to a set of 

ŘƛŦŦŜǊŜƴǘ ǇƻǎǎƛōƭŜ ōƭǳŜǇǊƛƴǘǎ όŀǎ ƛƴΣ άƳǳƭǘƛǇƭŜ ǇŀǘƘǿŀȅǎ ǘƻ ŘŜŜǇ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴέύΦ ¢ƘŜ ǘŜǊƳ 

άǇŀǘƘǿŀȅέ ǿŀǎ ŦƛǊǎǘ ǳǎŜŘ ōȅ ǘƘŜ 5ŜŜǇ 5ŜŎŀǊōƻƴƛȊŀǘƛƻƴ tŀǘƘǿŀȅǎ tǊƻƧŜŎǘ ό55ttύ ƛƴ нлмп4 and 

was coined to capture the path dependency within different decarbonization strategies. While 

the physical transformations represented by these pathways are informed by economic, social, 

and political constraints, they should not be mistaken for the impacts of a specific policy or 

market intervention. 

¢ƘŜ ǎǘǳŘȅ ƻŦ ƭƻƴƎπǘŜǊƳ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ǇŀǘƘǿŀȅǎ Ƙŀǎ ōŜŜƴ ŀ ƎǊƻǿƛƴƎ ǘǊŜƴŘ ŀŦǘŜǊ ŜŀǊƭȅ ǎǳŎŎŜǎǎ 

using them in California. Modeling decarbonization pathways depends on the ability to 

represent the existing energy system with a high degree of accuracy. Significant effort goes into 

benchmarking and stress testing the models of current energy systems until researchers have a 

high degree of confidence that changes in inputs will produce meaningful outputs. After 

California, other states (Washington, New York) followed suit with their own pathways 

analyses. Pathways analysis has become an integral part of energy planning processes, and yet, 

because of the breadth of topics covered, and the time horizon analyzed, it is still a unique 

ŀŎǘƛǾƛǘȅ ǿƛǘƘƛƴ ǎǘŀǘŜπƭŜǾŜƭ ǇǳōƭƛŎ ǇƻƭƛŎȅ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ƳŜǊƛǘǎ ǎƻƳŜ ŎƭŀǊƛŦƛŎŀǘƛƻƴΦ 

 

The most critical clarification is that pathways are not forecasts of what will happen. While the 

energy system physics and emissions accounting that underpin our models are well-established, 

projecting technological progress (particularly cost) and energy service demand has a mixed 

track record, even over time spans much shorter than 30 years. This means that selecting a 

single pathway as the basis for public policy is fraught because the assumptions that cause it to 

be a better option in the present may shift over time. Uncertainty necessitates an ongoing 

planning process, with periodic updating as new information becomes available and as 

progress, or lack thereof, toward goals is achieved. 

 

Rather than providing a prediction of the future, pathway studies are valuable for four reasons:  

 

 LŘŜƴǘƛŦȅƛƴƎ ŀƴŘ ƭƻǿŜǊƛƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ ŘŜŀŘπŜƴŘ ǎǘǊŀǘŜƎƛŜǎΤ  

 Identifying key decision points;  

 Identifying commonalities in pathways under sensitivity analyses;  

 {ƛǘǳŀǘƛƴƎ ƴŜŀǊπǘŜǊƳ ǇƻƭƛŎȅ ǘŀǊƎŜǘǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ƭƻƴƎπǘŜǊƳ ƎƻŀƭǎΦ 

 

Infrastructure that produces, delivers, and consumes energy is capital intensive and has long 

lifetimes. This is illustrated in Figure 1.1, which shows the number of replacement cycles for 

ŎƻƳƳƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘȅǇŜǎ ōŜǘǿŜŜƴ ƴƻǿ ŀƴŘ ƳƛŘπŎŜƴǘǳǊȅΦ3 If a pathways analysis looked 

https://www.zotero.org/google-docs/?tRPOrE
https://www.zotero.org/google-docs/?LqcWaI
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only 10 to 15 years ahead, as is typical in electric utility integrated resource plans, and decisions 

ǿŜǊŜ ƳŀŘŜ ǘƘŀǘ ǿƻǳƭŘ ŜŦŦƛŎƛŜƴǘƭȅ ǊŜŘǳŎŜ ŜƳƛǎǎƛƻƴǎ ǘƻ Ƙƛǘ ƴŜŀǊπǘŜǊƳ ǘŀǊƎŜǘǎ ōǳǘ ǿŜǊŜ 

ƛƴŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƭƻƴƎπǘŜǊƳ ƎƻŀƭǎΣ ǘƘŜƴ ǘƘƻǎŜ ŘŜŎƛǎƛƻƴǎ ǿƻǳƭŘ ƭƻŎƪ ƛƴ ƘƛƎher emissions or 

ƛƴŎǊŜŀǎŜ Ŏƻǎǘǎ ƴŜŎŜǎǎƛǘŀǘƛƴƎ ŜŀǊƭȅ ǊŜǘƛǊŜƳŜƴǘΦ ¢ƘǳǎΣ ŀ олπȅŜŀǊ ǇŀǘƘǿŀȅǎ ǎǘǳŘȅ ƛǎ ŀōƭŜ ǘƻ ǘŜǎǘ ŀ 

given decarbonization strategy against this backdrop of infrastructure lifetimes in order to 

ǳƴŘŜǊǎǘŀƴŘ ǿƘŜǘƘŜǊ ŀƴ ŜƳƛǎǎƛƻƴǎ ŘŜŀŘπŜƴŘ ǿƛƭƭ ōŜ Ŝncountered on a given path. Knowing the 

timing of key decision points can also help to avoid stranded assets. 

 

 
Figure 1.1. Overview of the lifetimes of common energy consuming or producing infrastructure. A simplified 

overview of the lifetimes of common energy consuming or producing infrastructure are compared against the 30-

year time period left to reach the net-zero target. The black vertical lines delineate points of natural retirement, 

and the number of segments correspond to the number of replacement cycles between now and 2050. The 

lifetime of vehicles by location and duty-cycle. The lifetime of power plants and pipelines is longer than 30 years 

and thus no natural retirement is shown on this figure. 

 

As mentioned, the future trajectories of many variables, including technology cost and 

performance projections, are highly uncertain. However, it is possible to develop ranges of 

values in which the high and low estimates have a high probability of encapsulating the 

eventual revealed value for any variable. Creating multiple pathways within each sector allows 

us to test the sensitivity of results to a range of input assumptions. The most useful result is not 

a precise blueprint embodied in any specific pathway but is a framework identifying those 

strategies that are common across all pathways, as well as the drivers of differences among 

pathways. As will be detailed later in this report, a set of strategies can be identified over the 

ƴŜȄǘ мл ȅŜŀǊǎ ǘƘŀǘ ŀǊŜ ŎƻƳƳƻƴ ǘƻ ŀƭƭ ƳƻŘŜƭŜŘ ǇŀǘƘǿŀȅǎ ǘƘŀǘ ǎǳŎŎŜǎǎŦǳƭƭȅ ǊŜŀŎƘ ǘƘŜ ƴŜǘπȊŜǊƻ 

target. 

 

CƛƴŀƭƭȅΣ ǇŀǘƘǿŀȅǎ ǎǘǳŘƛŜǎ Ŏŀƴ ōŜ ǾŀƭǳŀōƭŜ ƛƴ ƴŜŀǊπǘŜǊƳ ǘŀǊƎŜǘ ǎŜǘǘƛƴƎΦ .ŀŎƪ ŎŀǎǘƛƴƎ ŦǊƻƳ ŀ ƳƛŘ-

cenǘǳǊȅ ƴŜǘπȊŜǊƻ ŜƴŜǊƎȅ ǎȅǎǘŜƳ ǘƻ ǘƘŜ ǇǊŜǎŜƴǘ ŀƭƭƻǿǎ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŎŜǊǘŀƛƴ ƳƛƭŜǎǘƻƴŜǎ ƻǊ 

ōŜƴŎƘƳŀǊƪ ǾŀƭǳŜǎ όƻŦǘŜƴ ǊŀƴƎŜǎύ ǘƘŀǘ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ōŜƛƴƎ ƻƴ ǘǊŀŎƪ ǘƻ ǊŜŀŎƘ ǘƘŜ ƭƻƴƎπǘŜǊƳ 
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ƎƻŀƭǎΦ bŜŀǊπǘŜǊƳ ǘŀǊƎŜǘǎ ŀƴŘ ǇƻƭƛŎȅ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǿƛƭƭ ōŜ ŘƛǎŎǳǎǎed in more detail in the 

ŎƘŀǇǘŜǊ ǘƛǘƭŜŘ άKey Policy Considerations for the San Diego Region.έ 

 

1.4 Notes on reading this report 

 

Readers of this draft report should be aware of the following: 

 

¶ This report is a draft, and both details of the modeling analyses and the implications are 
subject to change before the work is finalized in February 2022. 

¶ Throughout the report, we ǳǎŜ ǘƘŜ ǘŜǊƳ ά{ŀƴ 5ƛŜƎƻ ǊŜƎƛƻƴέ when referring to the 
ƎŜƻƎǊŀǇƘƛŎ ŜȄǘŜƴǘ ƻŦ ǘƘŜ ŎƻǳƴǘȅΣ ŀƴŘ ά{ŀƴ 5ƛŜƎƻ /ƻǳƴǘȅέ ǘƻ ǊŜŦŜǊ ǘƻ ǘƘŜ Ŏƻǳƴǘȅ 
government. 

¶ Readers interested in high-level findings and recommendations for an institutional 
ŦǊŀƳŜǿƻǊƪ ǘƻ ǇǊƻƳƻǘŜ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ŀǊŜ ŜƴŎƻǳǊŀƎŜŘ ǘƻ ǊŜŀŘ /ƘŀǇǘŜǊ т ƻƴ άYŜȅ 
tƻƭƛŎȅ /ƻƴǎƛŘŜǊŀǘƛƻƴǎ ŦƻǊ ǘƘŜ {ŀƴ 5ƛŜƎƻ wŜƎƛƻƴΦέ  To inform the institutional structure 
and processes, Chapter 7 provides an overview of key decarbonization actions, areas of 
uncertainty, and County leverage points from each of the four sectors: land use, 
buildings, transportation, electric sector. The overview in Table 7.1 provides the basis of 
several takeaways that are used to inform a proposed institutional structure to support 
decarbonization implementation among the range of policy actors in the San Diego 
region. 
 

 

 

  

https://www.dropbox.com/s/a20pi0phq5cff6o/Policy%20Analysis%20Chapter%20Draft_clean_100121.docx?dl=0
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2. Geospatial Analysis of Renewable Energy Production 

Emily Leslie (Montara Mountain Energy) 

Joseph Bettles (UC San Diego) 

 

Key Takeaways 
 

¶ This chapter identifies low-impact, high-quality areas for wind and solar development in 
San Diego and neighboring Imperial County. 

¶ The region has sufficient available land area for wind and solar generation to approach a 
fully decarbonized energy system in line with the California-wide system model in 
Appendix A. 

¶ However, approaching a 100% decarbonized energy system that also meets societal 
expectations and regulatory standards for reliability will require significant but uncertain 
investments in a suite of additional resources, including excess intermittent and flexible 
generation, storage, and demand-side management. 

¶ The chapter informs decision-making by providing a series of site-selection scenarios 
that prioritize land value, ease of development, and environmental impact as well as 
proposing a strategy for addressing reliability. 

¶ The significant solar and geothermal potential of neighboring Imperial County is a large 
potential resource for San Diego that may require upgrades to the transmission 
network. 

¶ The County should coordinate with state agencies (CPUC Integrated Resource Planning 
team, CPUC Resource Adequacy team, CAISO Transmission Planning Process team, 
CAISO Local Capacity Requirements team) to ensure the reliability of the system. 

 

 

2.1 Introduction 

 

Decarbonization of the electric sector in San Diego County will require substantial deployment 

of new renewable resources; 90% of the electricity in most decarbonization scenarios comes 

from commercially mature renewable technologies such as wind and solar. Decisions on where 

to site wind and solar photovoltaic (hereafter solar) facilities can have significant impacts on the 

environment1 and require development of new and upgraded transmission infrastructure.2 In 

this chapter of the Regional Decarbonization Framework (RDF), we use the modeled electricity 

demand from the Central Case of the Evolved Energy Research (EER) modeli and identify low-

impact, high-quality areas for wind and solar development in San Diego County, and compare 

the resource potential to the modeled 2050 demand forecast for a fully decarbonized economy, 

                                                                 
i For more information on the macro energy modeling, see Appendix A. 
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in order to comment on magnitude and scale of anticipated supply and demand. This report 

also considers an alternate site selection scenario that assumes power transfer between San 

Diego and Imperial County, as well as four additional scenarios with site selection prioritized on 

the basis of environmental protection, pecuniary land value, carbon sequestration potential, 

and developable land. We also estimate the costs and capacity addition of prioritizing urban 

infill and rooftop solar. We discuss the potential co-benefits of rooftop and urban infill ground-

mounted solar, including equity benefits such as local economy job creation and pollution-

reduction. Finally, we present least-cost actions in the near-term which are valid across site 

selection scenarios. The electric sector spatial analysis is intended to inform planning and 

deployment of renewable electricity capacity in the region based on a range of techno-

economic and environmental variables including cost of energy, environmental impacts, and 

resource availability. 

 

2.2 Data 

 

RETI Candidate Project Areas 

To identify the resource potential of utility-scale solar and wind energy generation in San Diego 

and Imperial Counties, this analysis considers candidate project areas (CPAs) - land areas where 

renewable development is possible - identified in the 2009 Renewable Energy Transmission 

Initiative (RETI).3 The RETI CPAs were selected through a collaborative process between 

California Public Utilities Commission, the California Energy Commission, the California 

Independent System Operator along with local utilities and a 29-member Stakeholder Steering 

Committee. The goal of the RETI process was to achieve consensus on transmission 

development for renewable energy sufficient to meet state energy targets. CPAs were 

identified following a series of environmental and GIS-based exclusions (Figure 2.1). For a full 

list of excluded lands, see Appendix 2.A (Tables 2.A.1 ς 2.A.3). Despite being dated, this dataset 

was chosen for two reasons: 1) it is still currently being used in the CPUC statewide Integrated 

Resource Plan modeling, and 2) it included a broader definition and greater overall quantity of 

developable land in San Diego County than other studies. For example, the renewable energy 

potential estimates for the Western U.S. from Wu et al 20201 were considered but not used, 

because that study applied more extensive techno-economic and environmental screens, 

reducing the area and providing very limited options in terms of remaining developable land in 

San Diego County.   

  

In addition to utility-scale CPAs in non-urban settings, this analysis considers CPAs within 

ǳǊōŀƴƛȊŜŘ ŀǊŜŀǎΣ ƻǊ άƛƴŦƛƭƭΦέ ¢Ƙƛǎ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǳƴŘŜǾŜƭƻǇŜŘ ƭŀƴŘ ƛƴ ƳƻǊŜ ŘŜƴǎŜƭȅ Ǉopulated 

areas where small ground-mounted solar arrays could be constructed. The infill CPAs are added 

from a dataset under development by The Nature Conservancy (TNC) in an update to the 2019 
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Power of Place (PoP) study.4 Finally, this report considers the potential capacity and costs for 

rooftop solar in San Diego using methodology created by Anders and Bialek.5 

 

 
Figure 2.1.  RETI CPA delineation Process adapted from the 2009 RETI report.3 

  

2.3 Methods 

 

RDF Candidate Project Areas and Downscaling 

In order to analyze the spatial distribution and subsequent power capacity of possible 

renewable energy power generation, we start with all the CPAs in San Diego County and then 

eliminate areas inappropriate for development (based on a variety of criteria) to identify the 

most suitable sites. We then calculate how much power generation is possible in these areas. A 

detailed description of the methods used follows.  

 

For the spatial analysis of low-impact, high-quality areas for renewable electricity development, 

this analysis uses open-sourced QGIS software to constrain and analyze CPAs within San Diego 

and Imperial Counties. This section begins with the RETI CPAs in San Diego County and excludes 

Conserved Lands identified by SANDAG.6 Lacking these data for Imperial County, this analysis 

relies on the baseline RETI environmental exclusions (see Appendix 2.A.1 & 2.A.2). All utility-

scale CPAs less than one square kilometer (km2) are excluded as unsuitable for development, 

where smaller infill solar polygons are retained. Areas of existing and planned solar and wind 

developments that total 266 Megawatts (MW) are removed (existing sites above 10MW were 

converted into files created from Google Satellite images and planned sites were digitized from 

Environmental Impact Report plant maps using the QGIS Georeferencer tool). To divide the 

CPAs into developable sites, a grid of 4 km2 for solar and 36 km2 for wind is overlaid on the 

sites. Using power density assumption of 30 MW per km² (MW/km²) for solar7 and 2.7 MW/km² 

for wind,8 CPAs that produce roughly 100 MW are created, a typical capacity for project 

modeling.9ς11 Finally, as solar provides higher power density per km2, for all areas of overlap, 

solar is prioritized over wind and utility-scale over infill polygons. 
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The total annual electricity generation for each CPA polygon is identified using the formula 

below.  

 

ὖέύὩὶ ὨὩὲίὭὸώὥzὶὩὥzὧὥὴὥὧὭὸώ Ὢὥὧὸέὶψzχφπ Ὤέόὶί Ὥὲ ὥ ώὩὥὶὥὲὲόὥὰ ὫὩὲὩὶὥὸὭέὲ 

 

The nameplate capacity, or expected output, is calculated using the power density assumptions 

stated above. The annual generation in MW hours (MWh) is calculated for each area polygon 

by first multiplying the hours in a year (8760 hours) and the location-specific capacity factor, or 

percentage of time when the site is expected to produce electricity. For utility-scale solar, the 

capacity factor is assumed to be equal to the fixed-tilt solar value in the urban areas, and the 

tracking value in non-urban areas, where there is more likely to be larger developments on 

open land suitable for less-dense tracking technology. To identify urban areas, the 2019 US 

Census Urban areas was used.12 

 

This analysis compares the estimated resource potential of renewables with the forecasted 

electricity demand for San Diego in 2050. Forecasted demand is based on the Central Case of 

the EER model.ii The forecasted demand for Southern California is downscaled to San Diego by 

applying the percentage of Southern California population in San Diego (13.75%). Next, 

existing/planned wind and solar generation projects within San Diego County are subtracted 

from the total forecasted demand to find the amount of new generation capacity needed. Data 

ŦǊƻƳ ǘƘŜ 9t!Ωǎ 9L!-860 Form13 were used to find 470 MW of existing/planned wind and solar 

capacity. Excluding these 470 MW from the downscaled electricity demand, a balance of 49,979 

GWh of electricity generation is found to be needed to achieve a 100% renewable target. 

Shown in Table 2.1, the total potential utility-scale and infill annual generation from wind and 

solar CPAs within the County of San Diego is 67,062 GWh, or 17,083 GWh above forecasted 

demand. Figure 2.2 shows the relative capacities of solar and wind with and without infill 

compared to the estimated demand. Utility-scale solar resource potential in San Diego County 

accounts for 98.6% of renewable resources. 

 

  

                                                                 
ii See Appendix A Central Case for model ŘŜǘŀƛƭǎΦ aƻŘŜƭ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ƛƴ ŎƻƭǳƳƴ ά/ŜƴǘǊŀƭέ ƻŦ ¢ŀōƭŜ мΤ 

projected installed electricity capacity in California for the Central Case is in Figure 3; 2050 electricity supply in 

California is in Figure 8. 
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Table 2.1.  Candidate Project Areas in San Diego County. 

Findings Units Utility -Scale Only With Infill 

Solar Area sq km 661 843 

Wind Area sq km 86 86 

Solar Resource Potential GWh 54,784 66,332 

Wind Resource Potential GWh 730 730 

Total Renewable Resource Potential GWh 55,514 67,062 

Estimated 2050 Electricity Demand GWh 49,979 49,979 

Electricity Resource Balance (assuming no 

curtailment) GWh 5,535 17,083 

 

 

 

 
Figure 2.2.  San Diego County Renewable Resource Potential. Notes: The total resource potential within San Diego 

County for utility-scale and utility-scale with infill is shown relative to the estimated 2050 electricity demand (grey) 

based on the downscaled Central Case scenario of the EER model for 2050 detailed in Appendix A. The bars show 

that the resource potential exceeds demand in both cases of utility-scale only and utility-scale with infill. Both the 

demand and resource potential account for existing resources within San Diego County. 

 

To arrive at an estimate of the wholesale cost of electricity for utility-scale CPAs, the levelized 

cost of energy (LCOE), or the adjusted cost of electricity production per MWh, is calculated. 

Calculations begin by adding the solar and wind plant capital cost and the costs of 

interconnection to the grid. The plant capital cost is based on a capital expenditure cost 

assumption for utility-scale solar (1,599 $/kW) and wind (1,556 $/kW) from NREL.14 The 

interconnection cost is based on the distance to the nearest substation and a transmission cost 

assumption of 2,948 $/MW-mile from the NREL ReDS model.15 In these calculations, a 

substation dataset from DHS16 is used and the Euclidean distance to the nearest substation is 

calculated to approximate the interconnection distance. The estimation of annual payments is 
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based on a capital recovery factor of 7.36%.17 The LCOE is then calculated using the formula 

below to find the ratio of payments to generation, or the wholesale cost per MWh of electricity. 

 

ὧὥὴὭὸὥὰὭὲὸὩὶὧέὲὲὩὧὸὭέὲὧzὥὴὭὸὥὰ ὶὩὧέὺὩὶώ Ὢὥὧὸέὶ

ὥὲὲόὥὰ ὫὩὲὩὶὥὸὭέὲ
ὒὩὺὩὰὭᾀὩὨ ὧέίὸ έὪ ὩὲὩὶὫώ 

 

For infill solar development, the PoP CPAs and the annual generation formula above are used. 

To calculate the LCOE, this analysis uses the average of large and small non-residential capital 

Ŏƻǎǘ ƻŦ нΦт Ϸκ² ŦƻǊ ǎƻƭŀǊ ƛƴǎǘŀƭƭŀǘƛƻƴ ŦǊƻƳ .ŜǊƪŜƭŜȅ [ŀōΩǎ ¢ǊŀŎƪƛƴƎ ǘƘŜ {ǳƴ wŜǇƻǊǘ ŀǎ ǘƘŜ ŎŀǇƛǘŀƭ 

cost.18 There is no interconnection cost, as it is assumed to be included in the LBNL capital cost. 

The same capital recovery factor of 7.36% is applied and the LCOE is calculated using the 

formula below.  

 

ὧὥὴὭὸὥὰὧzὥὴὭὸὥὰ ὶὩὧέὺὩὶώ Ὢὥὧὸέὶ

ὥὲὲόὥὰ ὫὩὲὩὶὥὸὭέὲ
ὒὩὺὩὰὭᾀὩὨ ὧέίὸ έὪ ὩὲὩὶὫώ 

 

The range of LCOE across both infill and utility-scale CPAs in San Diego County is shown in 

Figures 2.3 (solar) and 2.4 (wind). Figure 2.5 shows the CPAs across San Diego and neighboring 

Imperial County. Note that the cost of balancing resources are not included in solar and wind 

capital cost estimates. For grid reliability in the deeply decarbonized scenarios described here, 

balancing resources beyond wind and solar would be needed. Options include energy storage, 

retention of gas peaker plants, increased interregional coordination for geographic diversity of 

power generation resources, and other options described in the EER modeling. Costs of 

balancing resources vary widely, and have significant uncertainty, and should be further 

explored in future work to complement this spatial analysis. 

 

Site Selection Scenarios 

Next, renewable energy sites need to be chosen and their development sequenced starting 

with least cost. To sequence the CPAs needed to achieve 100% renewable energy by 2050, 10-

year timesteps are used from the EER Central Case estimated demand forecast for San Diego 

starting in 2030.iii A site selection algorithm modeled after Wu et al.1 is implemented. The 

algorithm is run on two scenarios: 

 
Site Selection Scenario 1: San Diego-Only (solar and wind resources within San Diego County) 

Site Selection Scenario 2: San Diego and Imperial County Scenario (solar, wind, and geothermal resources 

within San Diego and Imperial Counties, with transfer of power between the two assumed) 

                                                                 
iii See Appendix A for model details and electricity forecasts. 
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Figure 2.3.  Solar Candidate Project Areas in San Diego County and the LCOE per CPA. 

 

 
Figure 2.4.  Wind Candidate Project Areas in San Diego County and the LCOE per CPA.
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Figure 2.5.  Solar and wind Candidate Project Areas in San Diego and Imperial Counties. Notes: Areas suitable for 

wind and solar development within San Diego County are shown in Figures 2.3 and 2.4 and within San Diego and 

Imperial County in Figure 2.5. The maps show the levelized cost of energy (LCOE), with the least cost in yellow. 

Utility-scale CPAs are from the RETI dataset and infill solar CPAs are from the 2019 PoP dataset. The LCOE is 

calculated based on capacity for each area polygon, capital costs, interconnection costs, and a capital recovery 

factor. Existing transmission lines are also pictured in Figures 2.3-2.5. 

 

Unlike wind and solar CPAs, geothermal resource potential is confined to select sites with 

known resources. Therefore, for the San Diego and Imperial Scenario, the E3 and CPUC 

statewide Integrated Resource Plan (R-20-05-003) estimated supply of geothermal in 

neighboring Imperial County is used (no geothermal sites have been identified in San Diego 

County).19 Five geothermal sites are identified in Imperial County with generation of 10,680 

GWh of electricity (seen as green points in Figure 2.8). This analysis assumes these plants 

become fully operational by 2030 and supply the remaining capacity to San Diego after 

ǎŀǘƛǎŦȅƛƴƎ LƳǇŜǊƛŀƭ /ƻǳƴǘȅΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΦ ¢ƘŜ ǘƻǘŀƭ ƎŜƻǘƘŜǊƳŀƭ ƎŜƴŜǊŀǘƛƻƴ ŀǾŀƛƭŀōƭŜ ŦƻǊ 

San Diego is downscaled by multiplying the proportion of residents in the County of San Diego 

to the overall population of the two counties (94.7%). We therefore assume, for the purposes 

of this model, that 10,113 GWh of geothermal firm power from Imperial County will go to San 

Diego County.  In the San Diego and Imperial Scenario, 10,113 GWh is subtracted from all three 

time steps of the forecasted electricity demand. 
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Candidate Project Area (CPA) Scenarios 

In addition to the site selection scenarios, alternate scenarios to select CPAs are analyzed that 

factor in four new exclusion zones based on different policy goals: 1) minimize environmental 

impact, 2) avoid high-pecuniary value land, 3) maximize carbon sequestration potential, 4) 

include only developable land as identified by SANDAG. For each scenario the methodology 

described in section 3.1 is used to identify the LCOE and available capacity of CPAs under more 

restrictive scenarios within the boundaries of San Diego County.  

 

CPA Scenario 1: Low Environmental Impact 

To show renewable site selection under a scenario in which avoiding high environmental impact 

is highly prioritized, the most restrictive siting level areas for wind and solar resource potential 

areas in the West are used (Unconstrained SL 4) from the Wu et al.1 study of low-impact 

renewable energy siting. The study incorporated high-resolution ecological and agricultural 

datasets to identify sites with low impact on the environment. In this scenario all urban infill 

CPAs are included because of lower environmental impacts from siting in urban areas. 

 

CPA Scenario 2: Reduce Loss of Land with High Pecuniary Value 

To identify CPAs that factor in the pecuniary value of land, the Cropland Data Layer raster from 

the US Department of Agriculture is used.20 To analyze the raster with the CPA sites, the zonal 

statistics tool is run on a 0.10 km2 grid to identify the modal land use within each cell. To 

restrict the CPAs to land with low pecuniary value, the data is filtered to include only 

άCŀƭƭƻǿκLŘƭŜ /ǊƻǇƭŀƴŘέΣ άDǊŀǎǎƭŀƴŘκtŀǎǘǳǊŜέΣ άCƻǊŜǎǘέΣ ά²ŜǘƭŀƴŘέΣ ά{ƘǊǳōƭŀƴŘέΣ ŀƴŘ ά.ŀǊǊŜƴΦέ 

Urban infill is excluded in this scenario because of the higher relative value of land in the urban 

environment. 

 

CPA Scenario 3: Reduce Loss of Land with High Carbon Sequestration Potential 

In the third scenario, lands which have high carbon sequestration potential are excluded. 

Analysis from Chapter 4 is used, which identifies carbon pools within San Diego County. 

{!b5!DΩǎ ±ŜƎŜǘation Dataset is also used, which classifies the vegetation types in the County.21 

The data is filtered to vegetation with high CO2 Sequestration potential (see Appendix 2.C for a 

full list). These lands are excluded from the renewable resource potential to find CPAs under a 

scenario that prioritizes natural carbon sequestration. Urban infill sites are included in this 

scenario because of the lower carbon sequestration potential of infill land. 

 

CPA Scenario 4: Restrict Sites to Developable Land 

The fourth scenario identifies potential sites that exist on developable land, given that they are 

ƭƛƪŜƭȅ ǘƻ ŦŀŎŜ ŦŜǿŜǊ ƭŜƎŀƭ ŀƴŘ ǎƻŎƛŀƭ ōŀǊǊƛŜǊǎΦ {!b5!DΩǎ 5ŜǾŜƭƻǇŀōƭŜ [ŀƴŘ Řŀǘŀ ƛǎ ǳǘƛƭƛȊŜŘΣ ǿƘƛŎƘ 
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ŎƭŀǎǎƛŦƛŜǎ ά±ŀŎŀƴǘέ ŀƴŘ ά!ƎǊƛŎǳƭǘǳǊŀƭ wŜŘŜǾŜƭƻǇƳŜƴǘέ ŀǎ ǎǳƛtable for development.22 In this 

scenario, urban infill sites are excluded as having higher barriers to development. 

 

CPA Scenario 5: Prioritize investments in frontline communities 

The fifth scenario includes prioritizing rooftop solar and urban infill solar, in particular in 

communities where the economic development, good-paying local jobs, and potential air 

quality benefit, reducing emissions from local thermal plants, would have high societal value. 

 

The Climate Equity Index (CEI) was created for the City of San Diego in 2019 and updated in 

2020 through a stakeholder process to address environmental justice and social equity.23 The 

CEI measures access to opportunity at the census tract level through 35 indicators covering 

health, housing, socioeconomic, mobility, and environmental categories. As with the SB 535 

5ƛǎŀŘǾŀƴǘŀƎŜŘ /ƻƳƳǳƴƛǘȅ ŘŜǎƛƎƴŀǘƛƻƴΣ ǘƘŜ ŎƻƳƳǳƴƛǘƛŜǎ ǘƘŀǘ ǎŎƻǊŜ ŀǎ ƘŀǾƛƴƎ άƭƻǿ ŀŎŎŜǎǎέ ŀǊŜ 

primarily in the southern areas of San Diego including Barrio Logan, Lincoln Park, 

Mountainview, and the Tijuana River Valley.24  

 

SANDAG has identified communities of concern and has stated a goal to ensure that Low 

Income and Minority communities receive benefit from public investments, in particular 

transportation and mobility investments These county-designated Communities of Concern are 

spatially distributed throughout the county.25 The highest concentration occurs in the coastal 

southwest part of the County.   

 

The communities in the southwest part of the County (National City, Chula Vista, and San 

Ysidro, for example) are also designated Disadvantaged Communities (DAC) by the state (Figure 

2.6). DACs are identified by CalEPA to be disproportionately burdened by and vulnerable to 

multiple sources of pollution.26 Under California state law (SB 535 and AB 1550), DACs are 

specifically targeted for investment of proceeds from the State's cap-and-trade program. 

Known as California Climate Investments (CCI),27 these funds are aimed at improving public 

health, quality of life, and economic opportunity in California's most burdened communities at 

the same time they are reducing pollution that causes climate change.  

 

A scenario maximizing rooftop and urban infill solar and energy storage in these frontline 

communities could result in 5-30% reduction in infrastructure development on previously 

undisturbed land (greenfield development). It could also have multiple co-benefits, including 

progress toward county-level and higher-ƭŜǾŜƭ Ŝǉǳƛǘȅ ƎƻŀƭǎΣ Ƨƻō ŎǊŜŀǘƛƻƴ ƛƴ άƎǊŜŜƴ Ƨƻōέ ƻǊ 

άŎƭŜŀƴǘŜŎƘέ ǎŜŎǘƻǊǎ ǿƛǘƘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǿŜƭl-paying wages,iv reduced GHG emissions and 

                                                                 
iv {ŀƴ 5ƛŜƎƻΩǎ Ƨƻōǎ ƛƴ ǘƘŜǎŜ ƛƴŘǳǎǘǊȅ ƎǊƻǳǇǎ ƎǊŜǿ мтΦс҈ ŦǊƻƳ нлмл ǘƻ нлмуΦ 

https://www.sandiego.gov/sustainability/social-equity-and-job-creation  

https://www.sandiego.gov/sustainability/social-equity-and-job-creation
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criteria pollutants from land use change for energy infrastructure, and availability of 

supplemental funding sources for example from the state. Further study to quantify the local 

economic and public health benefits of such a scenario would be valuable; however, adequate 

information exists28 to support early action to pursue growth in rooftop solar, especially in 

communities overly burdened with pollution and having low access to opportunities.  
 

 
Figure 2.6.  Disadvantaged Communities in San Diego County. 

 

Infill and Rooftop Solar Scenario Capacity and Costs 

In a 2003 analysis by Anders and Bialek,5 the GIS analysis of non-residential rooftops in the City 

of San Diego identified approximately 143,489,645 square feet (3,294 acres) of usable roof 

area. The ratio of total usable roof area to total developed land was identified as [3,294 acres of 

total usable area]/[26,078 acres of total developed land] = 12.6%. This study assumes that all 

other jurisdictions in the San Diego region would have a similar ratio of total developed land to 

usable roof area. This ratio was applied to the jurisdictions outside the City of San Diego to 

derive an estimated technical potential for the remaining portions of the County of San Diego. 

This resulted in a total estimated county-wide capacity of approximately 1,726 MW AC.5 

 

A more recent solar siting survey by Clean Coalition identified the 2018 non-residential solar 

rooftop potential in the City of San Diego at 499 MW. The Clean Coalition analysis incorporates 
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additional information about how much distributed generation could be accommodated on 

specific electric distribution system circuits in the City of San Diego, based on Integration 

Capacity Analysis (ICA) data from SDG&E.  However, the geographic extent of this analysis 

includes the City of San Diego only, not other cities, or the unincorporated county. Using a 

simple extrapolation, assuming that the city-to-county ratio remains 44% (769 MW in the City, 

compared to 1726 MW county-wide, as characterized by Anders and Bialek, 20035), then the 

countywide non-residential rooftop potential would be 1,134 MW, based on extrapolation of 

the 499 MW city value.29 At an assumed 28% capacity factor,30 this corresponds to 2,781 GWh 

annual generation county-wide.  This is 5.5% of estimated 2050 electricity demand. At an 

average LCOE of $92/MWh, these non-residential solar systems are estimated to be on the high 

end of candidate project costs (see Figure 2.3 for comparison). 

 

This value is based on existing buildings only, and the rooftop resource potential would increase 

if it were updated to include anticipated new buildings in 2050.  Future analyses should 

estimate the 2050 rooftop solar potential, using the SANDAG 2050 forecasted footprint of 

developed land. Relevant GIS data are available through the SANGIS portal (see Planned Land 

Use for the Series 13 Regional Growth Forecast (2050)). At a high level, urban land in the U.S. is 

expected to grow by 1-4 times by 2100, thereby increasing the anticipated rooftop solar 

potential.31 

 

Future analyses should also perform a detailed Integration Capacity Analysis (ICA), expanding 

beyond the City of San Diego to include other jurisdictions throughout the County of San Diego, 

to confirm distribution grid capability to accommodate these resources. 

 

Least-cost Near-term Scenario 

To identify a least-cost scenario for near-term action, this analysis looks for CPAs within San 

Diego County which are the lowest cost in both the San Diego-only and San Diego and Imperial 

site selection scenarios. The sites selected in both scenarios are identified to meet the 

forecasted 2025 electricity demand. Then the 2025 outputs from the two scenarios are 

intersected in QGIS to find the CPAs identified in both as a least-cost scenario. 
 

2.4 Results and Discussion 

 

Site Selection Scenarios 

The results of the site selection scenarios are shown in Figures 2.7 & 2.8 below. In the San 

Diego-only Scenario (Figure 2.7) the 2030 sites are selected based on LCOE clusters largely 

around Jacumba Hot Springs in the Southeast and Borrego Springs in the Northeast parts of 

unincorporated San Diego. In the 2040 and 2050 time-steps, CPAs closer to urban areas are 
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selected. Few urban infill CPAs are selected in the San Diego scenario as the LCOE is relatively 

higher due to lower capacity factors, in part from the restriction of fixed-tilt installations. The 

San Diego-only scenario also requires higher overall electricity generation from renewable 

resources due to the lack of geothermal resources from Imperial County. The lack of firm power 

would also increase the requirement for additional generation and storage capacity for reliance 

on intermittent resources, which would likely add, possibly substantially, to the cost. Battery 

energy storage and pumped hydro could be deployed to meet this need. 

 

In the San Diego and Imperial Scenario (Figure 2.8) geothermal and solar resources from 

LƳǇŜǊƛŀƭ /ƻǳƴǘȅ ŀǊŜ ŦŀŎǘƻǊŜŘ ƛƴǘƻ ǘƘŜ ǊŜǎƻǳǊŎŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ƳŜŜǘ млл҈ ƻŦ {ŀƴ 5ƛŜƎƻΩǎ ŜƭŜŎǘǊƛŎƛǘȅ 

demand. While the area east of Jacumba Hot Springs remains a priority cluster for solar and 

wind development within the County of San Diego, most other CPAs from the San Diego-only 

Scenario are not selected as the costs are higher than resources from Imperial County. 

Geothermal resources (green points) reduce the overall requirement for wind and solar 

resources. Also, a larger geographic area of resource aggregation may also reduce the 

overcapacity and storage needed to balance supply and demand because of the geographic 

diversity of wind and solar generation profiles, thereby increasing reliability and reducing 

system costs. In the San Diego and Imperial Scenario, no infill resources are selected due to 

lower-cost sites in Imperial County. 

 

Though the scenarios explored so far can likely generate enough energy on a GWh basis to 

meet forecasted demand, the mismatch between the timing of renewable generation (supply) 

and electric loads (demand) across days and seasons means that these identified GWh will not 

be able to meet real-time demand alone.  In a study of the ability of high-renewable (80%+) 

systems to reliably meet demand across the US, Shaner et al.32 found that a system with 75% 

solar and 25% wind generation could achieve 98.74% reliability (aggregated over a geographic 

area roughly the size of the continental US) or 90-95% reliability (if aggregated over an area 

roughly the size of San Diego and Imperial counties combined), as long as 50% excess 

generation (~25,000 GWh) plus storage equal to 12 hours of mean demand (in MW) were 

included. This is a lower bound for what will be necessary in practice, since the reliability 

standard set by the North American Electricity Reliability Corporation (NERC) is 99.97%.   

 

In order to approach 100% reliance on zero carbon resources, this large reliability gap must be 

filled by some combination of excess intermittent generation, long and short duration storage, 

clean dispatchable power generation, and demand-side management (such as conservation 

during periods of peak demand). Decisions about which resources to choose will depend on the 

status, cost, and negative impacts of existing and new technologies and the willingness of end 

users to adapt their energy use to smooth demand peaks. The 2020-2021 CAISO Transmission 
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Planning modeling (base case) included 300 MW pumped hydro storage at San Vicente as well 

as 660 MW of 4-hr battery energy storage in San Diego County.30 Together, these planned 

energy storage resources make up about 20% of the anticipated need.v Other options could 

include overbuilding the renewable CPAs, with curtailment as a cost-effective tool to deliver 

more renewable energy through existing transmission lines. A 2017 study found that allowing 

10% annual solar curtailment enables a 5-fold increase in the amount of annual solar 

generation that can be delivered on existing transmission lines.33 Additional options include 

natural gas-fired generation with carbon capture and storage, other zero carbon gaseous fuels 

such as hydrogen from electrolysis, or rapid scale-up of demand response programs in the 

region, among others. Given the rapidly changing nature of technology and the fact that human 

behavior related to demand-side management is not well understood, the optimal combination 

for ensuring reliability is currently unknown and unknowable.  

 

In both site selection scenarios, the increased electricity demand for the region due to 

electrification as shown in the EER model may require transmission upgrades to avoid higher 

costs34 and curtailment of renewable resources.35 Increased transmission capacity may also 

enable greater reliability due to interconnection with more geographically diverse hourly 

generation profiles that smooth out variable power generation.32 

 

Table 2.2 lists the costs and timelines of the six identified major transmission upgrades for the 

region from an analysis by the California Independent System Operator (CAISO).36 These are 

transmission upgrade options only.  Statewide modeling results have not yet been released, 

indicating which (if any) of these options will be needed or will be optimal. While transmission 

upgrades will be overseen by state agencies and the local utility, the process will interact with 

local communities where new transmission upgrades are sited. The planning process for these 

six transmission upgrades is still underway. These are transmission upgrades that have been 

studied by the CAISO, and they are upgrade options in state-level modeling for the state's 

Integrated Resource Plan (IRP). In the IRP proceeding, a statewide 2030 portfolio with high 

penetration of renewables is modeled, and least-cost transmission upgrades are selected from 

ǘƘƛǎ ƭƛǎǘ ƻŦ ƻǇǘƛƻƴǎΣ ǘƻ ǎǳǇǇƻǊǘ ŀƴŘ ŜƴŀōƭŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ǇƭŀƴƴƛƴƎ ŦƻǊ ǘƘŜ ǎǘŀǘŜΩǎ ŎƭŜŀƴ ŜƴŜǊƎȅ ŀƴŘ 

ŎƭƛƳŀǘŜ ƎƻŀƭǎΦ ¢ƘŜ ǳǇŘŀǘŜŘ άaƻŘŜƭƛƴƎ !ǎǎǳƳǇǘƛƻƴǎ ŦƻǊ /!L{h нлнн-2023 Transmission Planning 

tǊƻŎŜǎǎέ ǿƛƭƭ ōŜ ǊŜƭŜŀǎŜŘ ƛƴ vп нлнмΣvi and this report will shed light on which transmission 

                                                                 
v Assuming that mean demand (in MW) can be calculated as 2050 electricity consumption forecast divided by the 

total number of hours per year (49,979,000 MWh / 8760 hrs-per-yr = 5,705 MW mean demand). 
vi CƻǊ ŜȄŀƳǇƭŜ ŦǊƻƳ ŀ ǇǊŜǾƛƻǳǎ ȅŜŀǊΣ ǎŜŜ /t¦/ ǊŜǇƻǊǘ άaƻŘŜƭƛƴƎ !ǎǎǳƳǇǘƛƻƴǎ ŦƻǊ нлнм-2022 Transmission Planning 

tǊƻŎŜǎǎΦέ https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-

term-procurement-planning/2019-20-irp-events-and-materials/portfolios-and-modeling-assumptions-for-the-

2021-2022-transmission-planning-process  

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2019-20-irp-events-and-materials/portfolios-and-modeling-assumptions-for-the-2021-2022-transmission-planning-process
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2019-20-irp-events-and-materials/portfolios-and-modeling-assumptions-for-the-2021-2022-transmission-planning-process
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2019-20-irp-events-and-materials/portfolios-and-modeling-assumptions-for-the-2021-2022-transmission-planning-process
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Figure 2.7.  Site Selection Scenario: San Diego County Only. 
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Figure 2.8.  Site Selection Scenario: San Diego and Imperial Counties. 
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Table 2.2.  Transmission upgrades and costs In the SDG&E territory. Data from an analysis by the CAISO.37 

Transmission 

Constraint 
Affected Zones 

Estimated Full Capacity 

Deliverability Status Based 

on On-Peak Study 

Resource Output 

Area Delivery Network Upgrades (ADNU) & Cost Estimate 

Wind/Solar 

Area 

Designation 

Existing 

System 

(MW) 

Increase 

due to 

ADNU    

(MW) 

ADNU 

Construction 

Time 

(months) 

Cost ($millions)  

East of Miguel 

Constraint  

Arizona, Imperial, Baja, 

Riverside 
731 1,412 

New Imperial Valley - 

Serrano 500 kV line 
120 $3,680 Solar 

Encina-San Luis Rey 

Constraint 

Arizona, Imperial, Baja, 

Non-CREZ within San 

Diego 

2,901  3,718  
New Encina - San Luis 

Rey 230 kV line 
120  $102 Solar 

Imperial Valley 

transformer 

Constraint 

Imperial 1,959  400  

New Imperial Valley 

500/230 kV Bank at 

new substation 

105  $214 Solar 

San Luis Rey-San 

Onofre Constraint 

Arizona, Imperial, Baja, 

Non-CREZ within San 

Diego 

1,748  4,269  
New San Luis Rey-San 

Onofre 230 kV line 
120  $237 Solar 

San Diego Internal 

Constraint 

Imperial, Non-CREZ 

within San Diego 
968  2,067  

Internal San Diego 

reconductoring 
18  $89 Solar 

Silvergate-Bay 

Boulevard Constraint 

Imperial, Baja, Non-CREZ 

within San Diego 
1,202  2,119  

Silvergate - Bay Blvd 

230kV 3-ohm Series 

Reactor 

72  $31 Wind 

San Diego Oceanside 

Constraint 

Non-CREZ within San 

Diego 
280  301  Oceanside ADNU 60  $133 Solar 

Total (MW) 9,058               12,874                Total Cost   $               4,486   

Total Additional (MW)  3,816                 Cost per additional MW  $        1,175,577      
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upgrades are selected in IRP modeling. However, the timeframe of that study ends in 2030, and 

further upgrades are likely to be needed in the 2050 timeframe. The CAISO is separately 

undertaking a 20-yr transmission outlook study process,37 and clean energy planning efforts in 

the San Diego region should incorporate findings from the CAISO 20-yr transmission outlook 

study as they come available.  

 

Candidate Project Areas Scenarios 

As policymakers consider alternate scenarios for siting renewable resources, priorities beyond 

the wholesale cost of energy may factor into the decision making. Figures 2.9 through 2.12 

show solar and wind CPAs under four policy scenarios within the County of San Diego. Table 2.3 

shows a summary of the resource potential for each scenario. 

 

CPA Scenario 1: Low Environmental Impact 

When more environmental screens are applied to identify low-impact CPAs as in Wu et al.,1 the 

resource potential is reduced by 76.5%. Most remaining CPAs are in the urban infill, which was 

included without further restriction from the previous analysis. The remaining total resource 

potential is 15,777 GWh, requiring imports to approach 100% of electricity demand. 

 

CPA Scenario 2: Restrict Land with High Pecuniary Value 

The exclusion of land with high-pecuniary value does not significantly lower the capacity of 

utility-scale renewable generation within San Diego County. Most of the land identified in the 

previous scenarios was not on high-value cropland. The resulting total resource potential is 

52,394 GWh. Therefore, if 95.4% of the resource potential on land with low value is developed, 

San Diego County would be able to approach 100% of electricity demands with resources 

internal to the County. 

 

CPA Scenario 3: Restrict Land with High Carbon Sequestration Potential 

When CPAs are restricted by removing land with high carbon sequestration potential, the 

resulting capacity is 22,844 GWh, or roughly one-third the original capacity. Much of the 

remaining CPAs are in the urban infill which are included without further restrictions in this 

scenario. In this scenario, the County would require imports to approach 100% of electricity 

demand with renewable energy. 

 

CPA Scenario 4: Restrict Sites to Developable Land 

Restriction of CPAs to developable land may provide decision makers with low-hanging fruit in 

ǘŜǊƳǎ ƻŦ ŜŀǎŜ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘΦ ²ƘŜƴ /t!ǎ ŀǊŜ ǊŜǎǘǊƛŎǘŜŘ ǘƻ ά±ŀŎŀƴǘέ ŀƴŘ ά!ƎǊƛŎǳƭǘǳǊŀƭ 

wŜŘŜǾŜƭƻǇƳŜƴǘέ ƭŀƴŘ ǘȅǇŜǎΣ ǘƘŜǊŜ ƛǎ моΣуфп D²Ƙ ƻŦ ǊŜƳŀƛƴƛƴƎ ǊŜǎƻǳǊŎŜ ǇƻǘŜƴǘƛŀƭΦ ¢Ƙƛǎ ƛǎ ƴƻǘ 
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enough to fulfill the CouƴǘȅΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛƴǘŜǊƴŀƭƭȅΣ ōǳǘ ƛǘ ǇǊƻǾƛŘŜǎ ŀ ƎƻƻŘ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ 

for near-term resource development at 28%. 

 

 

Table 2.3. CPA scenarios resource potential and deficit with projected demand summary. 

Scenario Resource Potential (GWh) Deficit with Demand 

Low Environmental Impact 15,777 -34,202 

Low Land Value 52,394 2,415 

Carbon Sequestration Potential 22,844 -27,135 

Developable 13,894 -36,085 

 

 

 

 

 

 
Figure 2.9. CPA Scenario 1: Low Environmental Impact. 
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Figure 2.10. CPA Scenario 2: Restrict Land with High Pecuniary Value. 

 
Figure 2.11. CPA Scenario 3: Restrict Land with High Carbon Sequestration Potential. 
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Figure 2.12. CPA Scenario 4: Restrict Sites to Developable Land. 

 

Infill and Rooftop Solar Costs 

Results of the rooftop solar analysis are summarized in Table 2.4 below. This analysis is not 

intended to make any indication of reliability.  It is only intended to show cost-ranked ordering 

of renewable resource options. This illustrates why most planning efforts don't rely more 

heavily on ǊƻƻŦǘƻǇ ǎƻƭŀǊΣ ŘŜǎǇƛǘŜ ǎǘǊƻƴƎ ǎǘŀƪŜƘƻƭŘŜǊ ƛƴǘŜǊŜǎǘ ƛƴ ǊƻƻŦǘƻǇ ǎƻƭŀǊΩǎ Ŏƻ-benefits. 

Rooftop solar has much higher capital costs than ground-mounted solar and other renewable 

options. Studies show that an optimal portfolio can be designed to include higher rooftop solar 

penetration, and a higher-rooftop-solar-portfolio can also maximize co-benefits, while 

achieving the same societal cost of the overall portfolio (with the caveat that societal cost is 

defined differently than simple capital cost of the generating equipment).39 

 

Table 2.4. Cost Scenarios of Rooftop and Solar. 

Cost Scenarios Average LCOE ($/MWh) Total GWh in San Diego County Percent of Demand 

Average US Combined Cycle 

Natural Gas Plant38 34.51 N/A N/A 

Output of Scenario 1 (Sites 

selected based on LCOE) 40.65 49,979 100% 

Rooftop Solar  92.32  2,781 5.6% 

Rooftop and Infill Solar 70.04 15,100 30.2% 
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Least-cost Scenario 

The least-cost scenario shown in Figure 2.13 provides an estimate of the lowest cost wind and 

solar resources that were selected in both site selection scenarios (San Diego-only and San 

Diego/Imperial) for 2025. Shown in Table 2.5, the total resource capacity in this near-term 

scenario is 4,107 GWh or 8.2% of the total 2050 electricity demand. These sites represent low-

cost CPAs in San Diego County regardless of whether the region imports power (and whether 

necessary transmission upgrades occur). As shown in Figure 2.13, the least-cost CPAs are 

located adjacent to the recently approved JVR solar PV site near Jacumba Hot Springs.40 The 

development of this project signals commercial interest in renewable siting in this part of the 

County that reinforces this area as an economically attractive site for development. It should be 

noted that the algorithm selected wind as well as solar because of the low LCOE. However, per 

square kilometer, the energy density of wind is 9% of solar PV. As a more energy dense 

resource, solar may be the more favorable technology in a least-cost scenario. There are, 

however, some indications of greater societal preferences for wind.41,42 There is general 

agreement in the modeling and planning communities that more wind on the system is 

desirable, from a resource-diversity perspective; however high-quality wind resources are 

relatively scarce in California. 

 

Table 2.5. Summary of near-term least-cost site selection. 

Least-cost Summary 

2050 Demand (GWh) 49,979 

Least-Cost Generation (GWh) 4,107  

Percent of Total Demand 8% 



 

34 

 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT ï NOT FOR CITA TION  

 
Figure 2.13. Least-cost Scenario for 2025. Notes: The least-cost scenario shows sites that were selected to meet the 2025 electricity demand in both the San 

Diego-only and the San Diego and Imperial Scenarios. They are the lowest cost CPAs regardless of whether electricity is imported from Imperial County. The 

sites center around the Jacumba Hot Springs in the southeast part of the County. They are located near existing and planned renewable sites, including the JVR 

site approved by the Board of Supervisors in 2021.
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2.5 Conclusion 

 

To develop the necessary renewable resources that approach 100% of electricity demand by 

2045, San Diego will need to engage in near- and long-term planning to ensure priorities such as 

environmental protection, cost, carbon sequestration potential, equity, and land value are 

considered adequately in deployment. This report has shown that balancing these priorities 

may be possible with available resources in the region.  

 

Transmission upgrades may be needed to avoid congestion. There are opportunities for power 

transfer between San Diego and Imperial Counties, including solar and geothermal firm power 

which can increase reliability. Given the necessary expansion of the electricity supply to meet 

estimated ~50,000 GWh of demand (or ~5,700 MW of capacity) by 2050, there will need to be 

more than two new operational 100 MW clean power plants every year between now and 2050 

that supply electricity to San Diego County. If the timeline is constrained to 2035, this would 

require more than four new operational 100 MW clean power plants every year. Close 

coordination with state agencies such as the CAISO and the CPUC can help accelerate the 

deployment of clean energy infrastructure, including transmission.  

 

A scenario maximizing rooftop and urban infill solar and energy storage in frontline 

communities could result in 5-30% reduction in infrastructure development on previously 

undisturbed land (greenfield development). It could also have multiple co-benefits, including 

progress toward county-level and higher-ƭŜǾŜƭ Ŝǉǳƛǘȅ ƎƻŀƭǎΣ Ƨƻō ŎǊŜŀǘƛƻƴ ƛƴ άƎǊŜŜƴ Ƨƻōέ ƻǊ 

άŎƭŜŀƴǘŜŎƘέ ǎŜŎǘƻǊǎ ǿƛǘƘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǿŜƭƭ-paying wages,vii reduced GHG emissions from land 

use change for energy infrastructure, and availability of supplemental funding sources from 

sources such as the state. If coupled with apprenticeship programs, job training opportunities 

could be significant. Further study to quantify the local economic and public health benefits of 

such a scenario would be valuable; however, adequate information exists to support early 

action to promote growth in rooftop solar, especially in communities overly burdened with 

pollution and having low access to opportunities. 

 

In all scenarios, such high reliance on intermittent renewables implies a need for reliability 

studies to quantify how much additional long and short duration energy storage, clean 

dispatchable power, and demand-side management may be needed. Given that the best 

combination of these is currently highly uncertain, local leaders must engage in a concerted 

effort--executed in parallel with rapid renewable deployment--to learn about and deploy the 

                                                                 
vii {ŀƴ 5ƛŜƎƻΩǎ Ƨƻōǎ ƛƴ ǘƘŜǎŜ ƛƴŘǳǎǘǊȅ ƎǊƻǳǇǎ ƎǊŜǿ мтΦс҈ ŦǊƻƳ нлмл ǘƻ нлмуΦ 

https://www.sandiego.gov/sustainability/social-equity-and-job-creation  

https://www.sandiego.gov/sustainability/social-equity-and-job-creation
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best options for ensuring reliability. This could include coordination with the CPUC Integrated 

Resource Planning team and Resource Adequacy team, and with the CAISO Local Capacity 

Requirement (LCR) and Transmission Planning Process (TPP) teams to ensure that renewable 

energy development in the region is compatible with San Diego Local Capacity Requirements 

and reliability needs. Additional coordination with federal agencies and academia could be 

beneficial to identify and adopt the best strategies while abandoning those strategies that do 

not work.  
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Appendix 2.A RETI Exclusions 
 

Table 2.A.1 Category 1 Environmental Exclusions 

Category 1 Lands 

Federal Lands State Lands 

Designated Federal Wilderness Areas Private Preserves of The Wildlands Conservancy 

Wilderness Study Areas   

National Wildlife Refuges   

Units of National Park System (National Parks, National 

Monuments, National Recreation Areas, National 

Historic Sites, National Historic Parks, National 

Preserves) 

Existing Conservation Mitigation banks under 

conservation easement approved by the state 

Department of Fish and Game, U.S. Fish and Wildlife 

Service or Army Corps of Engineers 

Inventoried Roadless Areas on USFS national forests CA State Defined Wetlands 

National Historic and national Scenic Trails CA State Wilderness Areas 

National Wild, Scenic and Recreational Rivers CA State Parks 

BLM King Range Conservation Area, Black Rock-High 

Rock National Conservation Area, and Headwaters 

Forest Reserve DFG Wildlife Areas and Ecological Reserves 

BLM National Recreational Areas   

BLM National Monuments   

Lands precluded by development under Habitat 

Conservation Plans and Natural Community 

Conservation Plans   

Lands specified as of May 1, 2008, in Proposed 

Wilderness Bills (S. 493, H.R. 3682)   

Adapted from RETI, 2009 
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Table 2.A.2 Category 2 Environmental Exclusions 

Category 2 Lands 

BLM Areas of Critical Environmental Concern 

USFWS designated Critical Habitat for federally listed 

endangered and threatened species 

Special wildlife management areas identified in BLM's West 

Mojave Resource Management Plan. I.e., Desert Wildlife 

Management Areas and Mojave Ground Squirrel Conservation 

Areas 

Lands purchased by private funds and donated to BLM, 

specifically the California Desert Acquisition Project by The 

Wildlands Conservancy 

"Proposed and Potential Conservation Reserves" in HCPs and 

NCCPs 

Adapted from RETI, 2009 
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Table 2.A.3 Full List of Exclusions for RETI CPA Site Selection 

RETI Excluded Lands 

  Geothermal Solar PV Wind Notes 

Category 1 lands Yes Yes Yes   

Category 2 lands Yes Yes Yes Pre-identified projects OK 

Wetlands and water bodies Yes Yes Yes Dry lakes not excluded 

Native American reservations Yes Yes Yes Pre-identified projects OK 

Military lands Yes Yes Yes Pre-identified projects OK 

Mines (surface) Yes Yes Yes   

Urban areas Yes 
Yes, + 

buffer 

Yes, + 

buffer 

buffer up to 3 miles depending on 

population 

Airports Yes Yes 
Yes, + 

buffer 

Major airports only. Wind buffer is up 

to 5 miles 

Military flyways No No Yes 
Pre-identified projects OK in red 

zones. All other open 

Williamson Act Prime 

Agricultural Land 
No Yes No 

Pre-identified projects OK in red 

zones. All other open 

Williamson Act Non-Prime 

Agricultural Land 
No Yes No 

Excluded until 2018, pre-identified 

projects OK 

Renewable resource quality No No 
< 6.3 

m/sec 
  

Min. contiguous square 

acreage 
No 160 none 640 acres = 1 section = 1 sq mile 

Land slope No > 5% > 20% 
Geothermal evaluated on case by 

case basis 

Adapted from RETI, 2009  
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Appendix 2.B Downscaling Method  
 

First, the proportion of the population of San Diego with respect to the population of Southern 

California (SC) is found. The SC population is defined as all counties south of the PG&E 

territoryviii. Therefore, using the following formula to find a result of 13.75%. 

 

ὖέὴόὰὥὸὭέὲ έὪ Ὓὥὲ ὈὭὩὫέ ὅέόὲὸώ Ⱦ ὖέὴόὰὥὸὭέὲ έὪ Ὓὅ ὅέόὲὸὭὩί 

 

Table 2.B.1 Proportion of Population in San Diego 

San Diego Percentage of Southern CA 

San Diego 3,315,404 

Total 24,106,838 

SD % 13.75% 

 

¢ƘŜƴ ǘƘŜ ƳƻŘŜƭŜŘ Ŧƛƴŀƭ ŜƴŜǊƎȅ ŘŜƳŀƴŘ όάŘ-ŜƴŜǊƎȅέ ƛƴ ǘƘŜ hǾŜǊŀƭƭ 9ƴŜǊƎȅ {ȅǎǘŜƳ aƻŘŜƭύ ƛǎ 

ǳǎŜŘΦ CƛǊǎǘΣ ǘƘŜ ǘƻǘŀƭ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ƛǎ ŦƛƭǘŜǊŜŘ ǘƻ άŜƭŜŎǘǊƛŎƛǘȅέ ŀƴŘ ά{ƻǳǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀέΦ ¢ƘŜƴ 

the sum of electricity demand is found for all years 2018 - 2050. The proportion of Southern 

California population in San Diego (13.75%) is applied to find the San Diego electricity demand. 

Finally, 4,115 GWh of existing and planned solar and wind resources within the County is 

removed. The total resource requirements based on demand are found in Table 2.B.2. 
 

Table 2.B.2 Necessary Renewable Resources to Meet 100% of Demand 

Year Total GWh 

2020 19,158 

2025 20,919 

2030 26,689 

2035 34,825 

2040 42,412 

2045 47,045 

2050 49,979 

 

 

  

                                                                 
viii PG&E, 2014. https://www.pge.com/tariffs/assets/pdf/tariffbook/GAS_MAPS_Service_Area_Map.pdf  

https://www.pge.com/tariffs/assets/pdf/tariffbook/GAS_MAPS_Service_Area_Map.pdf
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Appendix 2.C Vegetation Types in San Diego with High CO2 Sequestration Potential
Non-Native Vegetation 

Disturbed Wetland 

Disturbed Habitat 

General Agriculture 

Orchards and Vineyards 

Southern Coastal Bluff Scrub 

Coastal Scrub 

Maritime Succulent Scrub 

Diegan Coastal Sage Scrub 

Diegan Coastal Sage Scrub: Coastal 

form 

Diegan Coastal Sage Scrub: Inland 

form 

Riversidian Sage Scrub 

Riversidian Upland Sage Scrub 

Alluvial Fan Scrub 

Sonoran Desert Scrub 

Sonoran Creosote Bush Scrub 

Sonoran Desert Mixed Scrub 

Sonoran Mixed Woody Scrub 

Sonoran Mixed Woody and 

Succulent Scrub 

Sonoran Wash Scrub 

Colorado Desert Wash Scrub 

Encelia Scrub 

Acacia Scrub 

Mojavean Desert Scrub 

Blackbush Scrub 

Great Basin Scrub 

Sagebrush Scrub 

Big Sagebrush Scrub 

Desert Saltbush Scrub 

Desert Sink Scrub 

Chaparral 

Southern Mixed Chaparral 

Granitic Southern Mixed Chaparral 

Mafic Southern Mixed Chaparral 

Northern Mixed Chaparral 

Granitic Northern Mixed Chaparral 

Mafic Northern Mixed Chaparral 

Chamise Chaparral 

Granitic Chamise Chaparral 

Mafic Chamise Chaparral 

Red Shank Chaparral 

Semi-Desert Chaparral 

Montane Chaparral 

Mixed Montane Chaparral 

Montane Manzanita Chaparral 

Montane Ceanothus Chaparral 

Montane Scrub Oak Chaparral 

Upper Sonoran Ceanothus 

Chaparral 

Ceanothus crassifolius Chaparral 

Scrub Oak Chaparral 

Upper Sonoran Subshrub Scrub 

Valley and Foothill Grassland 

Native Grassland 

Valley Needlegrass Grassland 

Valley Sacaton Grassland 

Non-Native Grassland: Broadleaf-

Dominated 

Foothill/Mountain Perennial 

Grassland 

Transmontane Perennial Grassland 

Vernal Pool 

San Diego Mesa Vernal Pool 

San Diego Mesa Claypan Vernal 

Pool 

Meadows and Seeps 

Montane Meadow 

Wet Montane Meadow 

Dry Montane Meadows 

Alkali Meadows and Seeps 

Alkali Playa Community 

Southern Coastal Salt Marsh 

Alkali Marsh 

Cismontane Alkali Marsh 

Freshwater Marsh 

Coastal and Valley Freshwater 

Marsh 

Transmontane Freshwater Marsh 

Emergent Wetland 

Riparian and Bottomland Habitat 

Riparian Forests 

Southern Riparian Forest 

Southern Coast Live Oak Riparian 

Forest 

Southern Arroyo Willow Riparian 

Forest 

Southern Cottonwood-Willow 

Riparian Forest 

White Alder Riparian Forest 

Sonoran Cottonwood-Willow 

Riparian Forest 

Mesquite Bosque 

Riparian Woodlands 

Desert Dry Wash Woodland 

Desert Fan Palm Oasis Woodland 

Southern Sycamore-Alder Riparian 

Woodland 

Southern Riparian Woodland 

Riparian Scrubs 

Southern Riparian Scrub 

Mule Fat Scrub 

Southern Willow Scrub 

Arundo donnax Dominant/Southern 

Willow Scrub 

Great Valley Scrub 

Great Valley Willow Scrub 

Colorado Riparian Scrub 

Arrowweed Scrub 

Intertidal 

Shallow Bay 

Estuarine 

Saltpan/Mudflats 

Woodland 

Cismontane Woodland 

Oak Woodland 

Black Oak Woodland 

Coast Live Oak Woodland 

Open Coast Live Oak Woodland 

Dense Coast Live Oak Woodland 

Engelmann Oak Woodland 

Open Engelmann Oak Woodland 

Dense Engelmann Oak Woodland 

Peninsular Pinon and Juniper 

Woodlands 

Peninsular Pinon Woodland 

Peninsular Juniper Woodland and 

Scrub 

Elephant Tree Woodland 

Mixed Oak Woodland 

Undifferentiated Open Woodland 

Non-Native Woodland 

Eucalyptus Woodland 

Mixed Evergreen Forest 

Oak Forest 

Coast Live Oak Forest 

Canyon Live Oak Forest 

Black Oak Forest 

Torrey Pine Forest 

Southern Interior Cypress Forest 

Lower Montane Coniferous Forest 

Coast Range, Klamath and 

Peninsular Coniferous Forest 

Coulter Pine Forest 
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Bigcone Spruce (Bigcone Douglas 

Fir)-Canyon Oak Forest 

Sierran Mixed Coniferous Forest 

Mixed 

Oak/Coniferous/Bigcone/Coulter 

Forest 

Jeffrey Pine Forest 

Interior Live Oak Chaparral 

Southern Maritime Chaparral 

Coastal Sage-Chaparral Transition 

Montane Buckwheat Scrub
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Appendix 2.D List of Key Assumptions 
 

Key Assumptions 

¶ Solar is prioritized over wind within San Diego County. 

¶ Cost of transmission can be approximated by cost of Euclidian distance from CPA to 
nearest substation. 

¶ Total geothermal resource potential identified by E3 and CPUC as part of the statewide 
Integrated Resource Plan (R-20-05-003) will be operation by 2030. 

¶ Geothermal supply in Imperial is shared with San Diego in an amount equivalent to the 
ratio of their combined population. 

¶ Electricity demand model results can be downscaled by the ratio of San Diego 
population to total Southern California population. 

¶ Storage will meet intermittency demands. 

¶ No offshore wind. 

¶ Cost is the most important criteria for site selection. 

¶ The Overall Energy Model Central Case is the best forecast for the purposes of the 
spatial analysis. 

¶ The capacity factor is equal to the fixed-tilt solar percentage in the urban areas and 
tracking solar in non-urban areas. 

¶ Infill solar sites are grid connected. 

¶ All planned and permitted solar sites in San Diego County will be constructed. 

¶ {!b5!DΩǎ /ƻƴǎŜǊǾŜŘ [ŀƴŘ ŀǊŜŀǎ ŀǊŜ ǳƴŘŜǎƛǊŀōƭŜ ŦƻǊ ǊŜƴŜǿŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦ 
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Appendix 2.E List of Spatial Data Sources 
 

Spatial Sources 

1. Utility -Scale Wind and Solar Polygons: California Renewable Energy Transmission 
Initiative, 2009. https://grist.org/wp-content/uploads/2009/11/reti-1000-2009-001-
f.pdf 

2. Infill Solar Polygons: The Nature Conservancy, Power of Place, 2019 (update to 2019 
report, not published). https://www.nature.org/en-us/about-us/where-we-
work/united-states/california/stories-in-california/clean-energy/ 

3. Conserved Lands Exclusions: San Diego Association of Governments, 2021. 
https://rdw.sandag.org/Account/gisdtview?dir=Ecology  

4. Existing Utility-Scale Solar and Wind Polygons:  Polygons created based on existing and 
planned sites identified by EIA, 2021 https://www.eia.gov/electricity/data/eia860/ 

5. Existing Substations: Department of Homeland Security, Homeland Infrastructure 
Foundation-Level Data, 2021. https://hifld -
geoplatform.opendata.arcgis.com/datasets/electric-substations  

6. Urban Areas: US Census, 2019. https://catalog.data.gov/dataset/tiger-line-shapefile-
2019-2010-nation-u-s-2010-census-urban-area-national  

7. Transmission Networks: Department of Homeland Security, Homeland Infrastructure 
Foundation-Level Data, 2021. https://hifld -
geoplatform.opendata.arcgis.com/datasets/electric-power-transmission-
lines/explore?location=25.606388%2C-7.477918%2C2.79   

8. Geothermal Sites: Points created based on data from E3 and CPUC as part of the 
statewide Integrated Resource Plan (R-20-05-003) 
https://www.ethree.com/tools/resolve-renewable-energysolutions-model/  

9. Low Environmental Impact CPAs: Wu et al., 2020 Data Github 
https://github.com/grace-cc-wu/LandUsePathwaysTo100 

10. Land Value: USDA Cropland Data Layer 
https://www.nass.usda.gov/Research_and_Science/Cropland/SARS1a.php 

11. High Sequestration Potential: Taken from analysis in the Land Use chapter, the SANDAG 
ά9Ŏƻ ±ŜƎέ Řŀǘŀset is used. https://www.sangis.org/ 

12. Developable Land: Vacant or Agricultural Redevelopment Land Use. SANDAG, 
Developable Land, 2010. 
https://www.sandag.org/resources/maps_and_gis/gis_downloads/land.asp 

  

https://grist.org/wp-content/uploads/2009/11/reti-1000-2009-001-f.pdf
https://grist.org/wp-content/uploads/2009/11/reti-1000-2009-001-f.pdf
https://www.nature.org/en-us/about-us/where-we-work/united-states/california/stories-in-california/clean-energy/
https://www.nature.org/en-us/about-us/where-we-work/united-states/california/stories-in-california/clean-energy/
https://rdw.sandag.org/Account/gisdtview?dir=Ecology
https://www.eia.gov/electricity/data/eia860/
https://hifld-geoplatform.opendata.arcgis.com/datasets/electric-substations
https://hifld-geoplatform.opendata.arcgis.com/datasets/electric-substations
https://catalog.data.gov/dataset/tiger-line-shapefile-2019-2010-nation-u-s-2010-census-urban-area-national
https://catalog.data.gov/dataset/tiger-line-shapefile-2019-2010-nation-u-s-2010-census-urban-area-national
https://hifld-geoplatform.opendata.arcgis.com/datasets/electric-power-transmission-lines/explore?location=25.606388%2C-7.477918%2C2.79
https://hifld-geoplatform.opendata.arcgis.com/datasets/electric-power-transmission-lines/explore?location=25.606388%2C-7.477918%2C2.79
https://hifld-geoplatform.opendata.arcgis.com/datasets/electric-power-transmission-lines/explore?location=25.606388%2C-7.477918%2C2.79
https://www.ethree.com/tools/resolve-renewable-energysolutions-model/
https://github.com/grace-cc-wu/LandUsePathwaysTo100
https://www.nass.usda.gov/Research_and_Science/Cropland/SARS1a.php
https://www.sangis.org/
https://www.sandag.org/resources/maps_and_gis/gis_downloads/land.asp
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Appendix 2.F QGIS Processing Modeler 

 

Solar CPAs Modeler

 
 

Wind CPAs Modeler 
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3. Accelerating Deep Decarbonization in the 

Transportation Sector 

Chelsea Richer, Fehr & Peers 
Katy Cole, Fehr & Peers  
Eleanor Hunts, Fehr & Peers 
 

Key Takeaways 
 .ŀǎŜŘ ƻƴ ǘƘŜ ǊŜƎƛƻƴŀƭ ǇƻƭƛŎȅ ŎƻƴǘŜȄǘ ƛƴŎƭǳŘƛƴƎ {!b5!DΩǎ 5ǊŀŦǘ нлнм wŜƎƛƻƴŀƭ tƭŀƴΣ ǘƘŜ 

/ƻǳƴǘȅΩǎ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜ wƻŀŘƳŀǇΣ ƭƻŎŀƭ ƧǳǊƛǎŘƛŎǘƛƻƴ ǇƻƭƛŎƛŜǎ ŀƴŘ ƎǳƛŘƛƴƎ ŘƻŎǳƳŜƴǘǎΣ ŀƴŘ 

the A2Z Gap Analysis, the County has a strong policy foundation for reducing emissions 

related to transportation.  

 Nevertheless, projected annual emissions in 2045 and 2050 are inconsistent with the 

levels of reductions required by EO S-3-05, EO B-30-15, and EO-B-55-18 for carbon 

neutrality. 

 This chapter shows where opportunity areas exist to accelerate EV adoption and VMT 

reduction based on existing countywide policies and patterns of vehicle ownership, travel 

behavior, and land use development. 

 

3.1 Introduction 

 

Over the last two decades, California has led the country in pioneering a number of policy 

solutions to mitigate climate change-related hazards and create a sustainable economy. In 2006 

the state legislature passed AB 32, which established a program to combat climate change and 

set a goal to reduce statewide greenhouse gas (GHG) emissions to 1990 levels by 2020. 

Recognizing that the transportation sector is the largest source of GHG emissions statewide, 

California has adopted several additional transportation-focused measures since that initial 

landmark climate bill. One such law is the Sustainable Communities and Climate Protection Act 

of 2008 (SB 375). SB 375 targets cars and light-duty trucks and directs the California Air 

Resources Board (CARB) to set regional GHG reduction targets for each metropolitan planning 

organization (MPO). It requires MPOs to incorporate a set of GHG reduction strategies, called a 

Sustainable Communities Strategy, into their Regional Transportation Plans. 
 

! ǎŜǊƛŜǎ ƻŦ ŜȄŜŎǳǘƛǾŜ ƻǊŘŜǊǎ ǎƛƎƴŜŘ ƻǾŜǊ ǘƘŜ ȅŜŀǊǎ ƘŀǾŜ ŦǳǊǘƘŜǊ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ 

climate platform. EO S-3-05 set a goal to reduce GHG emissions to 80 percent below 1990 levels 

by 2050, B-30-15 set an interim goal of reducing emissions to 40 percent below 1990 levels by 

2030, and B-55-18 called for the state to achieve carbon neutrality by 2045 at the latest.  
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Electrification of end-use services and decarbonization of electricity generation have been 

identified as key pathways to achieving a low-carbon future (Appendix A). Additional Executive 

Orders and state legislation have established targets for Zero Emission Vehicles (ZEVs) and 

related charging infrastructure. EO B-48-18 established goals for 200 hydrogen fueling stations 

and 250,000 EV charging stations (including 10,000 DC fast chargers) to support 1.5 million ZEVs 

on the road in California by 2025 and 5 million ZEVs on the road by 2030. AB 2127, signed in 

2018, requires the CARB and the Public Utilities Commission (PUC) to prepare a statewide 

assessment of EV charging infrastructure needed to support levels of EV adoption required to 

meet the goals of EO-B-48-18. Finally, EO N-79-20 laid out a set of transportation 

decarbonization targets, including a mandate that 100 percent of in-state sales of new 

passenger cars and trucks are zero emission by 2035 and that operations of medium- and 

heavy-duty vehicles are zero emission by 2045.  

 

The remainder of this chapter describes the regional policy context for the transportation 

sector, the modeling efforts that underpin land use and transportation plans in the region, and 

policy pathways to decarbonization through accelerated adoption of EVs, accelerated reduction 

of vehicle miles traveled (VMT), and continued investment in vehicle and fuel technology.  

 

3.2 Regional Policy Context 

 
The San Diego region has undertaken a number of transportation decarbonization efforts to 

date, which include a variety of VMT reduction strategies and electrification strategies. This 

section details the relevant policy ŘƻŎǳƳŜƴǘǎ ǘƘŀǘ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ǎƘŀǇŜ {ŀƴ 5ƛŜƎƻ /ƻǳƴǘȅΩǎ 

ability to reach accelerated decarbonization targets.  

 

{!b5!DΩǎ 5ǊŀŦǘ нлнм wŜƎƛƻƴŀƭ tƭŀƴ ϧ р .ƛƎ aƻǾŜǎ 

The San Diego Association of Governments (SANDAG) is currently in the process of adopting the 

Draft 2021 Regional Plan, a blueprint for land use and transportation planning in the San Diego 

region through 2050. This plan provides the big-picture vision for the future as well as an 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǇǊƻƎǊŀƳ ǘƻ ƳŀƪŜ ǘƘŜ ǊŜƎƛƻƴΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎȅǎǘŜƳ άŦŀǎǘŜǊΣ ŦŀƛǊŜǊΣ ŀƴŘ 

ŎƭŜŀƴŜǊΦέ ¢ƘŜ нлнм wŜƎƛƻƴŀƭ tƭŀƴ ƛŘŜƴǘƛŦƛŜǎ ŀ нлол ǘŀǊƎŜǘ ƻŦ прлΣллл 9±ǎ ƻƴ ǘƘŜ ǊƻŀŘ ƛƴ {ŀƴ 

Diego County, supported by 40,000 chargers.1 

 

The Draft 2021 Regional Plan articulates their future investments around the 5 Big Moves, an 

aspirational vision that provides a framework for the 2021 Regional Plan. The 5 Big Moves 

include VMT reduction strategies and strategies that encourage electrification of surface 

transportation vehicles.2 Over the next 30 years leading up to 2050, SANDAG will refine the 
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transportation network and discuss a set of policies and programs to support the infrastructure 

and technology improvements. The five strategies in the plan are Complete Corridors, Transit 

Leap, Mobility Hubs, Flexible Fleets, and Next Operating System. 

1. Complete Corridors would provide a balanced and inclusive road and highway network 

to maximize capacity, reduce congestion, and enable a variety of travel choices. Key 

features include managed lanes, Active Transportation and Demand Management 

(ATDM), smart high-speed communication networks, priority for shared transportation 

modes, and curb management. Complete Corridors are the backbone for the Flexible 

Fleets and Transit Leap strategies.  

2. Transit Leap would complement Complete Corridors by creating a complete network of 

high-speed, high-quality transit services that connect residential areas with employment 

centers and attractions. Future transit services would build upon existing ones through 

expanded service times, higher frequency and capacity, transit priority, and better 

integration with other services.  

3. Mobility Hubs are envisioned as a network of connected places with land use supportive 

of integratŜŘ Ƴƻōƛƭƛǘȅ ǎŜǊǾƛŎŜǎ ŀƴŘ ŀƳŜƴƛǘƛŜǎΦ {!b5!DΩǎ ǇǊƻǇƻǎŜŘ ƴŜǘǿƻǊƪ ƛǎ ŎƻƳǇǊƛǎŜŘ 

of the San Diego urban core, plus 30 surrounding hubs. Mobility Hub prototypes have 

been developed for eight stops along the Mid-Coast Trolley route and eight additional 

locations across the region. 

4. Flexible Fleets describes the strategy of shared, on-demand transportation services which 

include micromobility, rideshare, microtransit, ride hailing, and last-mile delivery. This 

strategy relies on public-private partnership and assumes many of the new modes 

introduced would be electric-powered.  

5. Next Operating System (OS) is a digital platform that compiles information from various 

parts of the transportation system into a centralized data hub, linking residents, 

businesses, and operators to real-time transportation data, and providing planners and 

policymakers with a new repository for analysis.  

The first four of the 5 Big Moves are comprised of both strategies to reduce VMT and strategies 

to accelerate EV adoption, and the fifth, Next OS, is an underpinning strategy to improve data 

about the transportation sector so that it can continue to be analyzed and optimized over time.  

 

!ŎŎŜƭŜǊŀǘŜ ǘƻ ½ŜǊƻΩǎ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜ DŀǇ !ƴŀƭȅǎƛǎ όнлнмύ 

The Accelerate to Zero (A2Z) Emissions Collaborative is an initiative by regional organizations 

invested in advancing transportation electrification, including the City and County of San Diego, 

the San Diego Air Pollution Control District, SANDAG, and San Diego Gas & Electric (SDG&E). In 

July 2021, it published the San Diego Regional Electric Vehicle Gap Analysis which identified 

existing efforts and conditions, and evaluated zero-emission infrastructure gaps and barriers. As 
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the A2Z Collaborative continues their work, the EV Gap Analysis will facilitate prioritizing 

ά/ƻƳƳǳƴƛǘƛŜǎ ƻŦ /ƻƴŎŜǊƴέ ŦƻǊ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ƛƴǾŜǎǘƳŜƴǘǎΦ ¢ƘŜ DŀǇ !ƴŀƭȅǎƛǎ 

identifies a 2030 target of 771,000 EVs on the road in San Diego County, supported by 139,000 

Level 2 chargers, 16,200 DC fast chargers, and 47 hydrogen fueling stations.3  

 

{ŀƴ 5ƛŜƎƻ /ƻǳƴǘȅΩǎ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜ wƻŀŘƳŀǇ όнлмфύ 

The County of San Diego adopted an Electric Vehicle Roadmap in October 2019, which contains 

six goals and 11 recommendations that leverŀƎŜ ǘƘŜ /ƻǳƴǘȅΩǎ ƭŀƴŘ ǳǎŜ ŀǳǘƘƻǊƛǘȅΣ ǇŜǊƳƛǘǘƛƴƎ 

processes, and outreach platforms in order to increase EV ownership and charging installations 

in the unincorporated area and at County facilities.4 These are summarized in Table 3.1, below. 

Because this document relates primarily to the unincorporated area of San Diego, the numbers 

reported for 2030 EV targets and charger targets are substantially different than the more 

current SANDAG or A2Z numbers. The EV Roadmap supports the 2018 Climate Action Plan 

adopted by the County of San Diego.  

 

Table 3.1. {ǳƳƳŀǊȅ ƻŦ !Ŏǘƛƻƴǎ ƛƴ {ŀƴ 5ƛŜƎƻ /ƻǳƴǘȅΩǎ нлмф 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜ wƻŀŘƳŀǇ 

Goal Targeted Outcome Recommendations 

County Operations Recommendations 

мΦ CǳǊǘƘŜǊ ǊŜŘǳŎŜ ǘƘŜ /ƻǳƴǘȅΩǎ 

fleet of gas-powered vehicles. 

Increase the number of EVs in 

ǘƘŜ /ƻǳƴǘȅΩǎ ŦƭŜŜǘ ǘƻ рлм ōȅ 

2027. 

Amend three Board policies to assist fleet 

EV conversion by requiring new light-duty 

vehicles to be EV. 

Convert 250 County fleet gas-powered 

vehicles to EVs by 2025 and install 

necessary infrastructure. 

Convert an additional 251 County fleet 

gas-powered vehicles to EVs for a total of 

501 by 2027 and install necessary 

infrastructure. 

Keep pace with technological trends, 

track the costs and benefits of fleet 

conversion, and update the Green Fleet 

Action Plan no later than 2025 to set 

goals for medium- and heavy-duty fleet 

vehicle conversions.  

2. Accelerate the installation of 

EV charging stations at public 

locations in County facilities and 

in the unincorporated County.  

Contribute to the regional EV 

charging network by installing 

2,040 Level II charging stations 

at County facilities and 

throughout the unincorporated 

area by 2028. 

Amend Board policy G-мрΣ ά5ŜǎƛƎƴ 

{ǘŀƴŘŀǊŘǎ ŦƻǊ /ƻǳƴǘȅ CŀŎƛƭƛǘƛŜǎέ ōȅ нлмф 

to require charging infrastructure 

development at new County facilities.  

Install an additional 63 publicly accessible 

EV charging stations for a total of 100 

chargers at County facilities by 2021. 
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Prepare an EV charger site assessment 

for County facilities and the 

unincorporated area and install 2,040 

Level II chargers.  

3. Promote and incentivize 

County employee EV ownership. 

Increase County employee EV 

ownership and use to reduce 

employee commute emissions. 

Promote and incentivize County 

employee EV use by developing 

partnerships with banks, credit unions, 

and dealerships to extend lending and 

pricing benefits.  

Unincorporated Area Recommendations 

4. Incentivize and/or require EV 

charging infrastructure in new 

and existing private multi-family 

residential and/or non-

residential development. 

Increase charging station 

installations in new and existing 

private development. 

Prepare a cost/benefit analysis of options 

to incentivize and/or require EV charger 

installations in private development. 

5. Fund EV expert/consumer 

advocate as a regional resource. 

Increase EV ownership and 

charging station installations 

through education, outreach, 

regional collaboration, and 

incentives.  

Identify regional partners and cost 

sharing opportunities to fund a regional 

EV expert/consumer advocate on an 

ongoing basis.  

6. Collaborate with regional 

partners to support public and 

private fleet electrification.  

Increase EV use in regional light-

, medium-, and heavy-duty 

fleets.  

Develop public and private regional 

partnerships to provide fleet 

electrification technical support on an 

ongoing basis.  

 

{ŀƴ 5ƛŜƎƻ /ƻǳƴǘȅΩǎ /ƭƛƳŀǘŜ !Ŏǘƛƻƴ tƭŀƴ όнлмуύ 

Through Climate Action Plans (CAPs), both the County of San Diego and many cities within the 

County have set out a series of measures to reduce GHG emissions over the coming decades. 

¢ƘŜ /ƻǳƴǘȅΩǎ нлму /!tΣ ǿƘƛŎƘ ƛǎ ŎǳǊǊŜƴǘƭȅ ōŜƛƴƎ ǊŜǾƛǎŜŘ ǘƻ ŀŎƘƛŜǾŜ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ 

California Environmental Quality Act (CEQA), included 11 strategies and 26 measures which 

focus on activities that occur within the unincorporated area of the region and within County-

owned facilities.5 The framework for the 2018 CAP is the GHG emissions inventory (baseline 

ȅŜŀǊ нлмпύ ŀƴŘ ǘƘŜ ǎǘŀǘŜΩǎ DID ǊŜŘǳŎǘƛƻƴ ǘŀǊƎŜǘǎΦ {ŀƴ 5ƛŜƎƻ /ƻǳƴǘȅ ǎŜǘ ŜƳƛǎǎƛƻƴǎ ǘŀǊƎŜǘǎ ƻŦ 

3,147,275 and 1,926,903 MTCO2e for future years 2020 and 2030, respectively. Measures in the 

Built Environment and Transportation GHG emissions sector specifically are projected to help 

the County achieve reductions of 233,758 MTCO2e in 2030.5 

 

/ƛǘȅ ƻŦ {ŀƴ 5ƛŜƎƻΩǎ /ƭƛƳŀǘŜ !Ŏǘƛƻƴ tƭŀƴ όнлмрύ 

The City of San Diego adopted its landmark CAP in 2015 and projected that its implementation 

would help the city surpass the target of 51 percent below 2010 GHG emissions by 2035 and 

maintain its trajectory to meet its proportional share of the 2050 state target. Among the local 

strategies for achieving the GHG reduction targets are a range of activities that aim to decrease 



 
 

54 

 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT ï NOT FOR CITA TION  

transportation-related emissions by improving mobility and reducing VMTs. Specific 

implementation measures involve changing land uses, promoting alternative modes of travel, 

and enhancing vehicle fuel efficiency. As the largest jurisdiction in the County, the policies and 

actions of the City of San Diego often can help provide resources and examples against which 

other jurisdictions can model their approach.  

 

Summary of Additional State, Regional, and Local Goals and Actions 

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ /ƻǳƴǘȅ ŀƴŘ /ƛǘȅ ƻŦ {ŀƴ 5ƛŜƎƻΩǎ /!tǎΣ ǘƘŜ ƻǘƘŜǊ ƧǳǊƛǎŘƛŎǘƛƻƴǎ ƛƴ ǘƘŜ /ƻǳƴǘȅ 

have also adopted CAPs, with associated goals around VMT reduction, EV adoption, and 

emissions reductions for the transportation sector. Some have additionally developed targets 

and taken actions related to the adoption of EVs and/or the implementation of charging 

infrastructure. This regional context was included in the A2Z Gap Analysis and is summarized in 

Table 3.2 below. 

 

Table 3.2. /ƻǳƴǘȅ ƻŦ {ŀƴ 5ƛŜƎƻ WǳǊƛǎŘƛŎǘƛƻƴǎΩ wŜƭŜǾŀƴǘ Dƻŀƭǎ ϧ !Ŏǘƛƻƴǎ 

Jurisdiction Relevant Goals, Targets, and Actions 

Regional and State Agencies  

Caltrans 

District 11 

 Partnering with SDG&E to provide charging at park and ride facilities throughout the 

region. 

 Installing corridor charging at rest areas and remote inter-city travel locations.  

County of San 

Diego  

 Established streamlined permitting processes in 2017, compliant with AB 1236, to 

encourage EV charging infrastructure in new developments.  

 Adopted the Electric Vehicle Roadmap in 2019. 

North County 

Transit 

District 

 Developed a Zero Emissions Bus Rollout Plan, detailing full transition by 2042.  

 Planning to purchase six battery electric and eight hydrogen fueled buses by 2023.  

SANDAG  Launched Plug-In San Diego in 2015.  

 Committed over $30m over 30 years to support build-out of Level 2 charger network 

through the San Diego County Incentive Project.  

 Identified additional electrification and mode-shift opportunities through the Draft 2021 

Regional Transportation Plan and associated Big 5 Moves.  

San Diego 

Metropolitan 

Transit 

System 

 Developed a transition plan to convert fleet of 800 buses to zero emissions by 2040. 

 Acquired eight battery electric buses by 2021.  

Cities  

Carlsbad  Adopted residential and non-residential ordinances for EV parking. 

 Adopted 2011 CAP goal to increase ZEV miles from 4.5% to 25% by 2035. 

Chula Vista  Currently, has 31% of alternatively-fueled fleet vehicles; continuing to work towards their 

CAP goal of 40% by 2020.  
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 Installed around 120 chargers for their fleet vehicles. 

Coronado  LŘŜƴǘƛŦƛŜŘ άƎǊŜŜƴƛƴƎέ ǘƘŜ ŎƛǘȅΩǎ млл ŦƭŜŜǘ ǾŜƘƛŎƭŜǎ ŀǎ ŀ ǿŀȅ ǘƻ ǊŜŘǳŎŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ 

emissions. 

Del Mar  Adopted CAP goal to increase alternatively-fueled VMT to 20% in 2020 and 30% in 2035.  

 Adopted CAP goal to set aside 10% of on-street parking and in city lots for high-efficiency 

and clean vehicles by 2020.  

El Cajon  Plans to install 128 new EV charging stations at commercial developments and 79 new EV 

charging stations at multi-family developments by 2030. 

Encinitas  Requires new residential units to install EV charging infrastructure.  

 Multi-family developments must include EV charging infrastructure at 5% of the total 

number of parking spaces.  

Escondido  Plans to install 281 EV charging stations in park and ride lots by 2035. 

Imperial 

Beach 

 Encourages developers to install EV charging infrastructure for new and retrofit 

developments.  

 Planning to assess municipal fleet replacement timeline for switching to ZEVs.  

La Mesa  Partnered with SANDAG, San Diego Air Pollution Control District (SDAPCD), and local 

developers to develop strategies to increase EV infrastructure at existing multi-family 

complexes.  

Lemon Grove  Plans to adopt a zoning ordinance requiring installation of EV charging infrastructure at 5% 

of the total number of parking spaces at new multi-family and commercial developments.  

National City  Installed charging stations at City Hall.  

 Partnered with SDG&E to install EV charging infrastructure across the City.  

Oceanside  Plans to require new single-family developments to include prewiring to enable 240-volt 

charging.  

Poway  Installed 11 EV charging stations around the City. 

San Diego  Adopted CAP goal to convert 90% of gas-powered municipal fleet vehicles to zero emission 

by 2035.  

 Installed 57 public EV charging stations at City facilities.  

San Marcos  Will require (starting in 2021) new multi-family and commercial developments to include 

EV charging infrastructure at 5% of total number of parking spaces.  

Santee  Requires all new residential and commercial developments to install e-chargers.  

Solana Beach  Collaborating with SANDAG to increase EVs in the City. 

Vista  Requires new multi-family developments to have 3% of total parking spaces equipped with 

EV charging infrastructure. 
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 Requires new commercial developments to have 6% of total parking spaces equipped with 

EV charging infrastructure. 

Source: San Diego Regional EV Gap Analysis, July 2021; SANDAG Draft 2021 Regional Plan.  

 

 

3.3 Transportation Modeling & Emissions Forecasts 

 

In support of this Regional Decarbonization Framework, Fehr & Peers has undertaken a review 

of the assumptions and outcomes of the San Diego Association of Governments (SANDAG) 

ǊŜƎƛƻƴŀƭ ƳƻŘŜƭ ŀƴŘ 9ǾƻƭǾŜŘ 9ƴŜǊƎȅΩǎ 9ƴŜǊƎȅt!¢I²!¸{ ƳƻŘŜƭ ŘŜǎŎǊƛōŜŘ ƛƴ !ǇǇŜƴŘƛȄ A. There 

are fundamental differences between the two models. SANDAG uses an activity-based model 

(ABM) that simulates individual and household transportation decisions at a detailed level. The 

most current model is ABM2+, which is being used to support the 2021 Regional Plan. 

EnergyPATHWAYS estimates energy use and GHG emissions given a specific electrification 

trajectory and fleet composition. 

 

{!b5!DΩǎ !.aнҌ simulates travel behavior in the San Diego region using land use and 

transportation network data to estimate VMTs and estimate corresponding GHG emissions. 

ABM2+ starts with a street-based active transportation network, a highway network, and a 

transit network. The resident transportation model, disaggregate models, and aggregate 

models are executed, and the resulting trip tables are summed up and used by an iterative 

traffic assignment process. The outputs ς specifically, VMT by speed bin and vehicle 

classification ς are then converted off-model to greenhouse gas emissions using Emission 

Factors (EMFAC) emissions factors. 

 

EnergyPATHWAYS is a stock accounting tool from Evolved Energy that quantifies all energy 

infrastructure. The transportation portion of the model uses service demand projections, 

existing vehicle stock, and efficiency measures to estimate total emissions. The model can be 

made applicable to varying geographies across the nation by modifying the underlying 

parameters. In the context of California, it uses the 100% zero-emission vehicle (ZEV) sales by 

2035 goal and makes assumptions about adoption of EV technologies. In this model, 

decarbonization comes from fuel shifts, not mode shifts. As such, many factors that are central 

to ABM2+, such as vehicle miles traveled (VMT), are not considered.  

For the purposes of this chapter, the 2021 Regƛƻƴŀƭ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ tƭŀƴ ŀƴŘ {!b5!DΩǎ !.aнҌ 

are discussed further. At the conclusion of this chapter, Table 3.7 provides a summarized 

comparison between the two models, and Appendix A of the Regional Decarbonization 

Framework provides full technical documentation for the EnergyPATHWAYS model.  

 



 
 

57 

 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT ï NOT FOR CITA TION  

SANDAG Emissions Forecasts 

!ǎ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΣ {!b5!DΩǎ 5ǊŀŦǘ нлнм wŜƎƛƻƴŀƭ tƭŀƴ ƛƴŎƭǳŘŜǎ ǇƻƭƛŎȅ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ 

investment initiatives that are referred to as the 5 Big Moves, which include Complete 

Corridors, Transit Leap, Mobility Hubs, Flexible Fleets, and Next Operating System. Together, 

these five key strategies for mobility aim to deliver an efficient and equitable transportation 

system that meets state climate targets and local Climate Action Plan goals. However, these 

policies and actions are not sufficient to meet the requirements of EO S-3-05 and EO B-55-18, 

as described in the emissions forecasts included in the Draft 2021 Regional Plan EIR. In order to 

reach deep decarbonization goals, additional efforts will be necessary both to rapidly electrify 

the surface transportation sector and to reduce VMT.  

 

The Draft EIR for the Draft 2021 Regional Plan evaluates environmental impacts related to 

regional growth and land use change as well as the transportation network improvements and 

programs of the 5 Big Moves together because the per-capita CO2 emissions from vehicles 

addressed by state targets are influenced by the combined effects of both components. ABM2+ 

models the effect of the 5 Big Moves in conjunction with the rest of the 2021 Regional Plan 

through four forecast scenarios: Baseline Year 2016, interim years 2025 and 2035, and Horizon 

Year 2050.  

 

Compared to existing conditions, the Draft EIR reports that the regional growth, land use 

change, and transportation network improvements included in the 2021 Regional Plan would 

result in a reduction of GHG emissions across all sectors for all interim and horizon years. These 

reductions are summarized in Figure 3.1, which shows GHG impact of Passenger Cars and Light-

Duty Vehicles with and without the SAFE Rule Impact (the SAFE Rule sets national fuel economy 

standards instead of California standards). For Passenger Cars and Light-Duty Vehicles, 

emissions are also forecasted to decrease for all interim and horizon years. For Heavy-Duty 

Trucks and Vehicles, emissions are forecasted to remain the same from 2025 onward. For Rail, 

emissions are forecasted to increase between 2016 and 2050. Projected annual emissions in 

2045 and 2050 (18 MMTCO2e across all sectors and 7.6 MMTCO2e for the Surface 

Transportation sector, including Passenger & Light-Duty with no SAFE Rule impact, Heavy-Duty 

& Trucks, and Rail) would be inconsistent with the levels of reductions required by EO S-3-05, 

EO B-30-15, and EO-B-55-18.ix 

 

Per SB 375, specific GHG emissions reduction targets for the transportation sector are not yet 

established for Horizon Year 2050, but the target established for SANDAG for 2035 is to reduce 

                                                                 
ix EO S-3-05 requires a reduction of GHG emissions to 80 percent below 1990 levels by 2050. EO B-30-15 requires a 
reduction of GHG emissions to 40 percent below 1990 levels by 2030. EO B-55-18 requires carbon neutrality across 
all sectors by 2045. 
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per capita CO2 emissions from passenger cars and light-duty vehicles to 19 percent below 2005 

levels. As shown in Figure 3.2, implementation of the 2021 Regional Plan would reduce per 

capita CO2 emissions from this sub-sector of Surface Transportation to 20 percent below 2005 

levels by 2035, and therefore would meet SB 375 targets. 

 

 

 
Figure 3.1. Summary of 2016 Greenhouse Gas Inventory and Greenhouse Gas Projections. Source: SANDAG.  
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Figure 3.2. SB 375 GHG Reduction Targets under the Proposed Plan from Passenger Vehicles and Light-Duty Trucks, 
2035, (2021 Regional Plan EIR Table 4.8-9). 

 

3.4 Decarbonization Strategies: Policy Pathways to Close the Gap  

 

Based on the regional policy context summarƛȊŜŘ ŀōƻǾŜΣ ƛƴŎƭǳŘƛƴƎ {!b5!DΩǎ 5ǊŀŦǘ нлнм 

wŜƎƛƻƴŀƭ tƭŀƴΣ ǘƘŜ /ƻǳƴǘȅΩǎ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜ wƻŀŘƳŀǇΣ ƭƻŎŀƭ ƧǳǊƛǎŘƛŎǘƛƻƴ ǇƻƭƛŎƛŜǎ ŀƴŘ ƎǳƛŘƛƴƎ 

documents, and the A2Z Gap Analysis, the County has a strong policy foundation for reducing 

emissions related to transportation. The remainder of this section describes the ways in which 

the County can accelerate actions needed to achieve regional decarbonization of the 

transportation sector through accelerated EV adoption, accelerated VMT reduction, and vehicle 

and fuel technology improvements. 
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Accelerate EV Adoption 

Within the 5 Big Moves and the 2021 Regional Plan more broadly, electrification is identified as 

a major factor in reaching regional GHG emissions reduction targets in the following ways:  

 Establishes incentives to incorporate EVs into Flexible Fleets and Transit Leap 

 Includes programs that could increase the number of EVs and charging stations 

throughout the region and within Mobility Hubs as part of the Complete Corridor strategy 

 Centers Mobility Hubs around EV charging infrastructure 

 Incorporates transitioning into a zero-emission fleet for the Flexible Fleet strategy 

²ƘƛƭŜ /ƻƳǇƭŜǘŜ /ƻǊǊƛŘƻǊǎΩ Ƴŀƛƴ Ǝƻŀƭ ƛǎ ǘƻ ǇǊƻƳƻǘŜ ŀ ǎǿƛǘŎƘ ŦǊƻƳ ǎƛƴƎƭŜ ƻŎŎǳǇŀƴŎȅ ŘǊƛǾƛƴƎ ǘƻ 

modes such as transit, shared rides, and active transportation, the initiative would help the San 

Diego region reach its 2030 electrification goals. The plan does not lay out a timeline for how 

the Transit Leap strategy will aid electrification, but it does promote the idea that new and 

existing services can switch to alternative fuel sources and electric power. Per the plan 

documentation, it is likely that future high-speed rail projects will be powered by a combination 

of both diesel and electricity. In order to accelerate electrification through this strategy, 

SANDAG would need to adopt an aggressive implementation timeline for Complete Corridors 

and Transit Leap, focusing on implementation in the parts of the County where transit will be 

most viable and well-utilized.  

 

The 5 Big Moves documentation also mentions several partnerships and policies that can assist 

with public charging and hydrogen fueling stations build-out. These include the CALeVIP San 

Diego County Incentive Project, which in late 2020 began providing rebates for placement of 

public level 2 and direct current fast charging stations, and coordination with SDG&E to manage 

the demands that EV charging places on the grid. SANDAG and SDG&E are also working to 

provide programs that install charging stations for workplaces, multi-unit dwelling 

communities, and medium- and heavy-duty vehicles. In order to accelerate electrification 

through this strategy, SANDAG and SDG&E would need to increase the levels of incentives 

and rapidly advance EV charging infrastructure installations, focusing first on Communities of 

Concern (CoCs) and then in places where transit is not yet viable.  

 

In addition to the 5 Big Moves components related to electrification, San Diego regional actions 

and policies to accelerate EV adoption are articulated in the A2Z EV Gap Analysis. Although the 

main goal of the Gap Analysis was to identify needs in order to inform a long-term strategy, the 

report captured some initial solutions that can inform the strategy. These include: 

 Lowering the upfront costs of EV ownership through incentives, targeting the new and 

secondary market 

 Leveraging cooperative buying for medium- and heavy-duty fleets 
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 Exploring alternatives to vehicle-purchase incentives, including low-emission zones, EV 

mandates, ordinances, or registration controls to enforce emissions standards 

 Streamlined permitting for charging infrastructure 

 Prioritization of infrastructure in communities of concern 

 Coordinated education campaigns for end users, property owners, and frontline 

salespeople 

 Workforce training for commercial drivers and automotive maintenance workers 

Downscaled Geographic EV Adoption Targets 

The A2Z Gap Analysis identifies an EV population target of 771,000 across San Diego by 2030. 

¢Ƙƛǎ ǘŀǊƎŜǘ ƛǎ ǎǳōǎǘŀƴǘƛŀƭƭȅ ƘƛƎƘŜǊ ǘƘŀƴ {!b5!DΩǎ ǊŜǇƻǊǘŜŘ ǘŀǊƎŜǘ ƛƴ ǘƘe Draft 2021 Regional 

Plan, but provides an upper-ƭƛƳƛǘ ŜǎǘƛƳŀǘŜ ƻŦ {ŀƴ 5ƛŜƎƻΩǎ ǊŜƎƛƻƴŀƭ ǎƘŀǊŜ ƻŦ ǘƘŜ ǎǘŀǘŜ-wide 

target. For the purposes of downscaling to local jurisdictions in San Diego County, Fehr & Peers 

has used the A2Z target numbers rather than the SANDAG targets.  

 

Based on the current distribution of registered EVs in San Diego, Fehr & Peers has identified 

which jurisdictions will need to accelerate adoption policies most aggressively to meet the 

stated goals. Table 3.3 shows the share of regional population within each San Diego County 

jurisdiction, the share of regional VMT, the current number of EVs, the current number of 

vehicles, and the proportion of EVs ŀǎ ŀ ǎƘŀǊŜ ƻŦ ŜŀŎƘ ƧǳǊƛǎŘƛŎǘƛƻƴΩǎ ǾŜƘƛŎƭŜ ǇƻǇǳƭŀǘƛƻƴΦ CƛƎǳǊŜ 

3.3, following the table, shows the share of EVs as a proportion of all vehicles, by jurisdiction.
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Table 3.3. Jurisdiction-level EV Population, Population Share, and VMT Share 

Jurisdiction Total # 

EVs 

(2020) 

Total # 

Vehicles 

(including 

EVs) (2020) 

Share % 

of Total 

Vehicles 

that are 

EVs 

(2020) 

Total 

Vehicle 

Ownership 

Share % 

(2020) 

Share of 

Regional 

Population 

(2019) 

Share of 

Regional 

VMT 

(2012) 

Unincorporated 

San Diego County 

7,838 473,689 1.7% 16.9% 11.1% 15% 

Carlsbad 3,804 92,092 4.1% 3.3% 3.5% 4.5% 

Chula Vista 2,708 205,797 1.3% 7.3% 8.0% 5.7% 

Coronado 395 12,727 3.1% 0.5% 0.7% 1.0% 

Del Mar 861 13,358 6.4% 0.5% 0.4% 0.3% 

El Cajon 1,183 126,488 0.9% 4.5% 5.2% 2.9% 

Encinitas 2,318 51,148 4.5% 1.8% 1.9% 2.1% 

Escondido 2,222 139,093 1.6% 5.0% 5.4% 4.5% 

Imperial Beach 128 17,299 0.7% 0.6% 0.8% n/a 

La Mesa 967 54,751 1.8% 2.0% 2.2% 1.9% 

Lemon Grove 145 20,861 0.7% 0.7% 0.8% 0.6% 

National City 145 42,934 0.3% 1.5% 1.9% 1.7% 

Oceanside 1,979 112,863 1.8% 4.0% 4.7% 4.3% 

Poway 1,240 40,736 3.0% 1.5% 1.5% 1.9% 

San Diego 25,337 1,179,150 2.1% 42.1% 43.1% 46.3% 

San Marcos 1,876 73,657 2.5% 2.6% 3.0% 2.7% 

Santee 544 44,691 1.2% 1.6% 1.7% 1.4% 

Solana Beach 554 10,580 5.2% 0.4% 0.4% 0.6% 

Vista 1,208 88,872 1.4% 3.2% 3.6% 2.6% 

TOTAL 55,452 2,800,786 n/a 100% 100% 100% 

Notes: 

1. EV population and total vehicle population data from California Energy Commission (2020). 

2. Population data from American Community Survey 5-Year Estimates (2015-2019), extracted by zip code. Zip 

codes were classified into the 19 jurisdictions above per the County of San Diego Superior Court zip code directory. 

Zip codes whose geographic boundaries fell into multiple jurisdictions were reviewed using aerial imagery to 

determine land use and classified into the jurisdiction with the greatest overlap of urban use. 

3. VMT data from SANDAG ABM1 (2012). Total VMT is calculated using the OD method at the TAZ level and then 

aggregated to the jurisdictional level, which may result in some double-counting of trips but overall reflects a 

ǊŜŀǎƻƴŀōƭŜ ǇǊƻǇƻǊǘƛƻƴŀƭ ǎƘŀǊŜ ƻŦ ǘƘŜ /ƻǳƴǘȅΩǎ ±a¢Φ  
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Figure 3.3. EV Share of All Vehicles, by Jurisdiction (2020). Source: CEC and Fehr & Peers, 2021. 

 

In order to show where policy efforts can be focused to help accelerate EV ownership efforts, 

the Countywide 2030 EV targets can be downscaled to the jurisdictional level. Table 3.4 shows 

the future target number of EVs based on three alternative methods of calculation:  

 Based on population share 

 Based on VMT share 

 Based on vehicle ownership share 

There is no perfect way to downscale EV targets to the local jurisdictional level. Basing the 

future target on population would follow the A2Z approach to determining the target number 

of EVǎ ƛƴ {ŀƴ 5ƛŜƎƻ ŀǎ ŀ ǇǊƻǇƻǊǘƛƻƴ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ǘŀǊƎŜǘǎΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ǿƻǳƭŘ ǇǊƻŘǳŎŜ ŀƴ 

overestimated target in places where vehicle ownership rates are lower than average. Basing 

the future target on VMT would produce more aggressive targets in places where people drive 

longer distances. Basing the future target on vehicle ownership would reify the existing vehicle 

ownership patterns, which reflect the current inequities of EV ownership due to the cost of 

purchasing a vehicle as well as existing land use and travel behavior patterns. These travel  

patterns may change in the future as a result of future land use development patterns, 

encouraging more transit-oriented development (discussed further in the section to follow). 
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These downscaled targets are intended therefore to reflect a range of reasonable order of 

ƳŀƎƴƛǘǳŘŜ ŦƻǊ ŜŀŎƘ ƧǳǊƛǎŘƛŎǘƛƻƴǎΩ 9± ǇƻǇǳƭŀǘƛƻƴ ƛƴ нлолΦ  

 

Table 3.4. Downscaled Jurisdiction Targets to Meet Regional A2Z EV Goals 

Jurisdiction Total # EVs 

(2020) 

Future Target # 

EVs Based on 

Population Share 

Future Target # 

EVs Based on VMT 

Share 

Future Target # EVs 

Based on Vehicle 

Ownership Share  

Unincorporated 

San Diego 

County 

7,838 116,612 115,286 130,397 

Carlsbad 3,804 26,396 34,708 25,351 

Chula Vista 2,708 62,772 44,209 56,652 

Coronado 395 4,931 7,682 3,503 

Del Mar 861 984 2,402 3,677 

El Cajon 1,183 24,074 22,334 34,820 

Encinitas 2,318 14,340 16,486 14,080 

Escondido 2,222 35,285 34,983 38,290 

Imperial Beach 128 6,470 n/a 4,762 

La Mesa 967 13,829 14,320 15,072 

Lemon Grove 145 6,117 4,366 5,743 

National City 145 14,320 13,280 11,819 

Oceanside 1,979 40,895 32,828 31,069 

Poway 1,240 11,378 15,024 11,214 

San Diego 25,337 329,880 357,089 324,596 

San Marcos 1,876 22,417 20,779 20,276 

Santee 544 13,375 11,088 12,303 

Solana Beach 554 3,191 4,248 2,912 

Vista 1,208 23,736 19,890 24,465 

TOTAL 55,452 771,000 771,000 771,000 

Note: tŜǊŎŜƴǘŀƎŜǎ ŦǊƻƳ ¢ŀōƭŜ оΦпΦн ƳǳƭǘƛǇƭƛŜŘ ōȅ !н½Ωǎ /ƻǳƴǘȅǿƛŘŜ ǘŀǊƎŜǘ ƻŦ ттмΣллл EVs to determine 

jurisdictional targets.  

 

To support the local acceleration of EV adoption towards the targets identified above, it will 

also be necessary to accelerate the rollout of EV charging infrastructure. The County and 

SANDAG can enhance the Plug-In San Diego Electric Vehicle Charging Map to provide improved 

modeling for charging infrastructure location suitability at a regional scale.x SANDAG and the 

County can collaborate with local jurisdictions to encourage them to undertake a local EV 

                                                                 
x The Plug-In San Diego EV Charging Stations Map can be found at https://evcs.sandag.org/, which includes 
methodological information about how the TAZs were analyzed to identify EV trip end percentiles. 

https://evcs.sandag.org/
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Infrastructure Siting Plan, to identify more granular placement locations, and to support 

infrastructure investments in Communities of Concern.  

 

Policy Opportunity Areas 

Jurisdictions within the San Diego region have a great deal of room to strengthen policies 

related to transitioning to EV fleets and providing sufficient charging infrastructure. Based on 

the summary of efforts described in the Regional Policy Context section of this chapter, along 

with the findings from the A2Z Gap Analysis, there is a wide variety of policies and actions that 

have been informally or formally adopted by jurisdictions across the San Diego region, which 

range from more encouragement-based to more requirement-based. There is also variation in 

how these policies apply to different types of land use and development. The variety of policies 

and actions are summarized in Figure 3.4.  

 

Policies shown on the left of Figure 3.4 ς for example, adopting a policy to provide EV chargers 

in lots that are owned by the jurisdiction ς will not be sufficient to meet aggressive EV adoption 

goals. In contrast, policies shown on the right of Figure 3.4 ς for example, those that require 

private developers to install chargers at a high percentage of their parking spaces, across all 

land use types (commercial, residential, etc.), at new development and retrofitting infill sites, 

with additional support for multi-family and communities of concern ς would be substantially 

more effective at meeting aggressive EV adoption goals.  
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Figure 3.4. Policy Options to Accelerate EV Adoption. 

 

In order to accelerate decarbonization most aggressively, the County can consider moving its 

own policies along the spectrum from more encouragement-based to more requirement-based, 

and by expanding the reach of requirements and ordinances to cover more land use contexts. 

To support the accelerated adoption of the strongest and most effective policies, the County 

can offer more appealing incentives, streamline development processes and infill benefits, and 

provide readily accessible information for property owners and vehicle owners. For areas 

where it does not have direct jurisdictional control or where collaboration across sectors is 

required, the County can partner with other entities to support workforce development goals, 

continue to collaborate across the region to share information and lessons learned, and support 

state-level advocacy to bring implementation funding to San Diego County. Table 3.5 

summarizes ways in which the County can implement these actions and policies within the 

region or partner to make progress where the County lacks jurisdictional authority.   
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Table 3.5: Electrification Strategies and County Implementation Approach 

Strategy Partnership 

Opportunity 

County Implementation Approach  

Set Public EV Charger 

Target 

V Update 2019 EV Roadmap to include more aggressive targets; 

continue to partner with A2Z Collaborative to downscale 

jurisdictional targets on appropriate roadways; identify 

partnership opportunities with those jurisdictions that have 

made the least progress toward their targets to share 

information and successful implementation strategies 

Set Fleet Adoption Target V Update 2019 EV Roadmap to include more aggressive targets; 

identify partnership opportunities with those jurisdictions that 

have made the least progress toward their targets to share 

information and strategies to accelerate fleet transition 

Set-Aside Public Parking 

Spots for Clean Vehicles 

 Adopt requirements in County zoning code 

Encourage EV Charging 

Infrastructure at 

Development Projects 

 Encouragement through incentives can complement stronger 

policy requirements where no County jurisdictional authority 

exists 

Require New 

5ŜǾŜƭƻǇƳŜƴǘ ǘƻ ōŜ ά9±-

wŜŀŘȅέ 

 Adopt requirements in County zoning code; adopt ordinance 

that requires retrofitting 

Require EV Charging 

Infrastructure to be 

Installed at 

Developments 

 Adopt requirements in County zoning code; adopt ordinance 

that requires retrofitting 

Offer Consumer 

Incentives to Purchase 

EVs  

V Partner with SANDAG to accelerate and increase the amount 

of incentives, reduce barriers to accessing incentives, and 

promote aggressively in CoCs 

Provide Readily-

Accessible Information to 

Property Owners and 

Vehicle Owners 

V Partner with private entities to understand information gaps; 

partner with SANDAG to produce coordinated educational 

materials and aggressively promote 

Train Workforce to 

Support EV Ecosystem  

V Partner with educational institutions to develop workforce 

training needs; increase funding to existing programs  

Collaborate to Share 

Information Across 

Region 

V Continue to partner with A2Z Collaborative 

Engage in State-level 

Advocacy to Bring 

Implementation Funds to 

San Diego County 

V Continue to partner with A2Z Collaborative 
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Accelerate Reduction of VMT 

Current San Diego region actions and policies to reduce VMT are articulated in the 2021 Draft 

Regional Plan across the 5 Big Moves and regional land use development policies. SANDAG is 

required to demonstrate how the region will reach targets by reducing VMT. As such, plans for 

the 5 Big Moves describe ways to influence behavior change and support denser land uses. To 

meet the targets, vehicle trips need to be replaced with biking, walking, transit, and shared 

rides. The Draft 2021 Regional Plan articulates the following strategies to reduce VMT:  

 Complete Corridors support a greater variety of transportation options, and the initiative 

promises investments in infrastructure to make alternative transportation more 

attractive. Complete Corridors also employ congestion pricing as a tool for reducing 

demand and VMT during peak times.  

 Flexible Fleets provide convenient and affordable alternatives to driving alone.  

 Transit Leap calls for a multimodal high-speed, high-capacity, high-frequency transit 

network that appeals to people who otherwise drive alone. In the 5 Big Moves, SANDAG 

ǎǘŀǘŜǎ ǘƘŀǘ ǇǳōƭƛŎ ǘǊŀƴǎƛǘ ǿƛƭƭ άŎƻƴǘƛƴǳŜ ǘƻ ōŜ ǘƘŜ Ƴƻǎǘ ŜŦŦƛŎƛŜƴǘ ǿŀȅ ǘƻ ƳƻǾŜ Ƴŀƴȅ 

ǇŜƻǇƭŜΣέ ǘƘŜǊŜŦƻǊŜ ǊŜŘǳŎƛƴƎ ±a¢Φ  

 Mobility Hubs are communities with a high concentration of people, destinations, and 

travel choices. Higher density Mobility Hubs have a supportive mix of land uses that can 

help to encourage ridership and usage of the Transit Leap system. However, Mobility 

Hubs in less dense areas may rely on more motorized services in order to connect 

residents to transit and not reach the same VMT reductions. 

Table 3.6 provides details on VMT-reduction strategies that would support acceleration of VMT 

reduction within San Diego County. For those strategies that rely on zoning changes, the County 

can only directly influence the zoning code within its own jurisdiction. For other jurisdictions, 

the County can support information sharing, evaluation to prove effectiveness of strategies, 

and inter-jurisdictional collaboration to encourage other jurisdictions to undertake similar 

zoning changes to encourage denser, more walkable, and more transit-oriented development.  
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Table 3.6: VMT Reduction Strategies and County Implementation Approach 

Policy Strategy Electrification 

Opportunity 

County Implementation Approach 

Expand geographic reach of bus and 

rail services in areas where 

development can support transit 

use 

V Identify corridors with land use patterns that can 

support transit; partner with transit agencies to 

fund additional miles of transit service 

Invest additional transit service 

hours in places where transit is 

productive and high occupancy, 

focused on infill locations 

V Identify highest-performing transit corridors; 

partner with transit agencies to fund additional 

hours of transit service 

Provide incentives and regulatory 

relief to facilitate higher density 

infill and transit-oriented 

development 

 Modify zoning code along transit corridors to allow 

denser development; streamline permitting 

process for developments along transit corridors; 

leverage parking reductions, density bonuses, and 

other incentives to encourage development in 

transit corridors  

Disincentivize development in rural 

(or non-infill) areas that cannot 

support efficient transit use or 

multi-modal transportation options 

 Utilize transit opportunity areas, infill areas, and 

VMT efficiency metrics to encourage compact 

development and discourage exurban and very 

rural development  

In existing rural, non-infill, or 

underserved transit areas, invest in 

TNC partnerships to ensure 

sufficient access to opportunities 

V Identify limited-access areas that would benefit 

from additional mobility resources; develop TNC 

partnerships to support travel using higher-

occupancy vehicles 

Incentivize high occupancy personal 

vehicle use 

 Investigate opportunities to implement pricing 

structures (cordon pricing, HOT lanes, etc.) that 

incentivize high occupancy vehicles 

Design walkable communities, 

particularly in places where 

compact development patterns are 

already established 

 Adopt pedestrian-oriented design guidelines for all 

new development; reduce or remove parking 

minimums in walkable neighborhoods 

Expand pedestrian and bicycle 

facilities, using a network approach 

to ensure destinations are served, 

corridors and intersections are 

equally comfortable and safe 

 Update county bicycle and pedestrian planning 

documents; partner with SANDAG to accelerate 

implementation of 2010 San Diego Regional 

Bicycle Plan; develop Pedestrian Safety and/or 

Vision Zero and/or Local Road Safety Plan 

Expand modal options including a 

wide range of e-bikes, e-scooters, 

bikeshare, micro transit, shuttles, 

and TNC partnerships 

V Partner with SANDAG to build out network of 

Mobility Hubs where shared vehicles and new 

mobility services can be found 
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Conduct programs to ensure people 

of all abilities and ages are 

comfortable using bicycle and 

pedestrian facilities 

 Partner with mobility advocacy organizations to 

fund expanded education programming; 

implement periodic regular open streets events 

throughout the County 

Encourage TDM programs that 

incentivize some proportion of 

telework, telemedicine, remote 

learning and use of transit 

 Develop County TDM ordinance and 

Transportation Management Organization (TMO) 

to work with employers and service providers  

Expand broadband in places where 

it is weak 

 Conduct broadband gap analysis; seek funding to 

improve communications infrastructure in areas 

that lag; require enhanced communication 

technology in all new development through TDM 

ordinance 

Restructure distribution centers to 

enable more efficient delivery 

patterns that enable short-haul 

electrified freight vehicles and AV 

delivery 

V Conduct electrified freight study to understand 

where opportunities for distribution efficiencies 

exist; modify zoning code to encourage 

distribution centers in efficient locations 

 

Geographic Opportunity Areas  

The above strategies are likely to be successful in different locations across the County. Transit-

oriented strategies will be most successful in places where the density of population and 

ŘŜǾŜƭƻǇƳŜƴǘ Ŏŀƴ ǎǳǇǇƻǊǘ ŜŦŦƛŎƛŜƴǘ ǘǊŀƴǎƛǘ ǾŜƘƛŎƭŜ ǳǎŜΣ ƻǊ ΨƛƴŦƛƭƭΩ ƭƻŎŀǘƛƻƴǎΦ ²ŀƭƪƛƴƎ ŀƴŘ ōƛƪƛƴƎ 

strategies will likely be more effective in infill locations. In non-infill locations, strategies related 

to trip reduction through TDM, partnerships with TNCs that prioritize electrification and high-

occupancy ridership, and enhancing broadband service may be more successful strategies to 

reduce VMT. 

 

Figure 3.5 shows the transportation analysis zones (TAZ) in San Diego County that meet the 

following definition of infill:  

 Household density above 385 housing units/square mile (selected based on the US Census 

definition for urban area) 

 Intersection density above 128 intersections/square mile (matches Frost (2018) average 

ǾŀƭǳŜ ŦƻǊ Ψ¦Ǌōŀƴ tƭŀŎŜǎΩύ 

 Job Accessibility of 12.73 (average value for local employment accessibility in Salon 

(2014)) 
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Figure 3.5. TAZs Which Meet Infill Definition. Source: SANDAG Series 13 Base Year Model (2012), Fehr & Peers, 
2021.

 

Figure 3.6. 2012 Population Density. Source: SANDAG Series 13 Base Year Model (2012), Fehr & Peers, 2021. 
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Figure 3.7. 2035 Population Density. Source: SANDAG Series 13 Base Year Model (2035), Fehr & Peers, 2021. 

 

Over time, additional areas may become well-suited for infill-oriented VMT reduction strategies 

as they meet higher population density thresholds. Figures 3.6 and 3.7 show how population 

density is anticipated to change between 2012 and 2035, creating more opportunity for future 

expansion of infill-oriented and transit-oriented strategies.  

 

3.5 Conclusion 
 

This chapter shows where opportunity areas exist to accelerate EV adoption and VMT reduction 

based on existing countywide policies and patterns of vehicle ownership, travel behavior, and 

land use development. Recommended areas for accelerated action will help the County meet 

more aggressive decarbonization targets that have been established for California but are not 

yet satisfied in the guiding policies in the region. Following discussion with the County, the 

project team will conduct additional analysis to ensure the County has access to the most 

helpful information to guide their decisions and move towards deep decarbonization of the 

transportation sector. 

 



 
 

73 

 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT ï NOT FOR CITA TION  

Summary of Key Actions 

Actions that will accelerate decarbonization of the transportation sector are largely grouped 

into two categories: electrification of vehicles, and reduction of VMT. The key actions that the 

County can pursue over the next 10 years to make progress towards deep decarbonization 

goals will include a mix of both strategies. As part of this Regional Decarbonization Framework, 

additional work will be conducted to identify which of these actions may already be underway, 

which are the highest priority to initiate, which geographic areas need more focus, where local 

jurisdictions have control, and where actions could benefit from regional coordination and 

collaboration. 

 

Key electrification actions include: 

 Set and meet aggressive public EV charging target 

 Set and meet aggressive (100%) fleet adoption target 

 Require new development to include EV charging 

 Require existing development to retrofit parking with EV charging  

 Increase dollar value and streamline consumer vehicle purchase incentives with 

application to both new and used vehicles 

 Increase dollar value of incentives, provide educational resources, and streamline 

permitting process for landowners to install EV charging in multi-family developments  

 Partner with educational institutions to assess workforce training needs; increase funding 

to existing programs 

 Continue to partner with A2Z Collaborative to share information and successful 

implementation strategies across jurisdictions, advocate for funding and coordination at 

the state level  

Key VMT reduction actions include: 

 Expand geographic reach and service hours of bus and rail services in areas where 

development can support transit use 

 Provide incentives and regulatory relief to facilitate higher density infill and transit-

oriented development 

 Disincentivize development in rural (or non-infill) areas that cannot support efficient 

transit use or multi-modal transportation options 

 In existing rural, non-infill, or underserved transit areas, invest in TNC partnerships 

prioritizing electric and high-occupancy vehicles to ensure sufficient access to 

opportunities 

 Investigate opportunities to implement pricing structures (cordon pricing, HOT lanes, etc.) 

that incentivize high occupancy vehicles 
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 Adopt pedestrian-oriented design guidelines for all new development; reduce or remove 

parking minimums in walkable neighborhoods 

 Update county bicycle and pedestrian planning documents; partner with SANDAG to 

accelerate implementation of 2010 San Diego Regional Bicycle Plan; develop Pedestrian 

Safety and/or Vision Zero and/or Local Road Safety Plan 

 Partner with SANDAG to build out a network of Mobility Hubs where shared vehicles and 

new mobility services can be found 

 Develop County TDM ordinance and Transportation Management Organization (TMO) to 

work with employers and service providers 

 Conduct broadband gap analysis; seek funding to improve communications infrastructure 

in areas that lag; require enhanced communication technology in all new development 

through TDM ordinance 

 Conduct electrified freight study to understand where opportunities for distribution 

efficiencies exist; modify zoning code to encourage distribution centers in efficient 

locations 

Additional Challenges & Remaining Gaps Not Addressed in this Chapter  

Additional challenges and major gaps remain which will require collaboration, coordination, 

and technical advances to vehicle stock beyond what exists on the road today. In addition, 

outstanding questions regarding environmental externalities are important to consider as the 

County accelerates towards electrification as the primary means to decarbonize the 

transportation sector. These challenges and gaps that the County should consider include:  

 Coordination with tribal jurisdictions in order to maximize decarbonization efforts county-

wide 

 Technology advances and limited jurisdictional control for influencing long-haul intercity 

passenger travel, including air travel and border crossings  

 Long-haul freight technology and jurisdictional control 

 Environmental externalities of electrification (waste, pollution, etc.) 

 Vehicle production emissions, roadway maintenance emissions 

 [ƛŦŜǎǘȅƭŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ǘƘŀǘ Ƴŀȅ ƴƻǘ ōŜ ǊŜŦƭŜŎǘŜŘ ƛƴ ǘƻŘŀȅΩǎ ŦƻǊŜŎŀǎǘǎ ƻǊ 

assumptions (work from home patterns, home delivery of goods, suburban migration) 

 Policy response to pandemic conditions by transit agencies in order to match service to 

lower ridership levels, or to attempt to recover lost ridership 

The above considerations are worthy of additional study. 
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Table 3.7: Comparison of SANDAG 2021 Regional Model (ABM2+) and EnergyPATHWAYS Model  

Model Fleet Mix Assumptions Fuel Mix Assumptions 

 Passenger Cars and Trucks Transit Vehicles Commercial Vehicles ZEV Adoption Rate 

(Passenger and Goods) 

Speed 
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(A
B

M
2

+
) 

 

5 classes for traffic 

assignment:  

- Drive-alone non-

transponder 

- Drive-alone 

transponder 

- Shared-ride 2 

- Shared-ride 3+ 

- Heavy Truck 

 

Each class is broken down 

by income or by weight 

class for a total of 15 

traffic assignment classes. 

 

7 transit modes:  

- Tier 1 Heavy Rail 

- Commuter Rail 

- Light Rail 

- Streetcar 

- Rapid Bus 

- Express Bus 

- Local Bus 

 

Inputs vary by mode: 

- Frequency of 

service 

- Travel time 

- Fare 

5 goods movement 

modes: 

- Truck 

- Rail 

- Pipeline 

- Marine 

- Air cargo 

 

4 commercial truck 

types: 

- Light vehicle 

- Medium truck 

(<8.8 short tons) 

- Medium truck 

(>8.8 short tons) 

- Heavy truck 

(FHWA classes 7-

13) 

Zero Emission Vehicles (ZEV) 

and Electric Vehicles (EV) in 

general are handled off-model. 

Growth forecasts are based off 

EMFAC. 

 

Between Model Year 

(MY)2025-2050, required 

percent of new Light Duty 

Vehicle (LDV) sales that must 

be ZEVs in EMFAC2017: 

- Plug-in Hybrid Vehicles 

(PHEV): 7.32% 

- Battery-Powered Electric 

Vehicle (BEV): 4.06% 

- Hydrogen Fuel-Cell Electric 

Vehicle (FCEV): 14.89% 

 

PHEV, BEV, FCEV are all 

referred to as ZEVs. 

Inputs that affect speed on 

regional highway 

networks: 

- Posted speed 

- Roadway capacity 

- Functional 

classification 

- Roadway operation 

(HOV lane, etc.) 

- Congestion 

- Origin/destination  

- Intersection control 

- Transportation mode 
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- Light car 

- Light truck 

- Motorcycle 

- Buses 

- Passenger Rail 

- Medium truck 

- Heavy truck 

(divided into short 

haul and long haul) 

EMFAC growth forecasts. 

 

Different assumptions by class: 

more BEV for HD short haul 

truck, more FCEV for HD long 

haul. 

n/a 
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Model VMT Accounting Resolution 

 Method Scale Conversion to GHG Spatial Temporal 

S
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N
D

A
G

 2
0

2
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+
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Accounting Methods for GHG 

calculations using Vehicle Miles 

Traveled (VMT): 

- Internal-Internal: all VMT 

included in analysis (VMT that 

occurs from trips that start and 

end in the SANDAG region) 

- Internal-External or External 

Internal: 50% of VMT included 

in analysis (VMT associated 

with trips with one trip end in 

the SANDAG region and one 

outside the SANDAG region) 

- External-External: all VMT 

excluded in analysis (VMT 

associated with trips that start 

and end outside of the SANDAG 

region are not included).  

 

 

- Total VMT 

and GHG and 

per-capita 

VMT and 

GHG. 

VMT data tables are used 

within EMFAC for 

emissions calculations of 

cold starts (trips) and 

running emissions (VMT). 

 

Calculations are adjusted 

by transportation activity 

data (VMT, speed 

distribution) and vehicle 

populations. 

 

Emissions reductions 

associated with various 

ZEV policies also 

calculated outside of the 

travel demand model. 

Different resolution levels for 

different steps of the model: 

- Microanalysis zones: 23,002 

Master Geographic Reference 

Area (MGRAs) zones (roughly 

equivalent to Census blocks) 

- Traffic assignment demand 

and skims: 4,996 

Transportation Analysis Zones 

- Transit assignment demand 

and skims: 1,766 Transit Access 

Points 

 

Treatment of space is slightly 

different for border crossing trips. 

Transportation 

behavior is 

modeled every 

half hour. 
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n/a n/a Electricity and fuel 

emissions intensities 

determined by supply-side 

optimization subject to 

net-zero economy-wide 

constraints. 

Vehicle stock is modeled for 

Southern California region (divide 

from Northern California is along 

PGE/SCE service boundary). 

 

Number of households is used to 

estimate vehicle stock. 

Annual vehicle 

stock. 
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Model Analysis Years Input Data 

 Base 

Year 

Horizon 

Year 

Internal (SANDAG) Surveys Outside Data Sources 
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2016 2050 

- SANDAG Household Travel Behavior Survey (2016) 

- Transit On-Board Survey (2015) 

- SB 1 Transportation Network Company (TNC) Survey 

(2019) 

- Taxi Passenger Survey (2009) 

- Parking Inventory Survey (2010) 

- Parking Behavior Survey (2010) 

- Border Crossing Survey (2011) 

- Visitor Survey (2011) 

- Establishment Survey (2012) 

- Tijuana Airport Passenger Survey (2017) 

- Commercial Vehicles Survey (2011) 

- Vehicle Classification & Occupancy (2006) 

- San Diego International Airport Air Passenger Survey 

(2009) 

- San Diego International Airport Passenger Forecasts (2013) 

- Decennial Census Summary File-1 tabulation (2010) 

- Census Data for Transportation Planning (CTPP) 

- Public Use Microdata Sample (PUMS) 

- American Community Survey (2015-2017) 

- Bicycle counts (2011) 

- Jurisdiction annual traffic counts (2016) 

- FasTrak Transponder ownership data (2012) 

- Caltrans Performance Measurement System (PeMS) (2016) 

- Caltrans Highway Performance Monitoring System (HPMS) 

(2016) 
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n/a 2050 

n/a - University of Virginia Population Projections 

- California Air Resources Board vehicle service numbers 

(EMFAC) 

- 2021 US Annual Energy Outlook 
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4. Natural Climate Solutions and Other Land Use 

Considerations 

Elise Hanson, UC San Diego 

Emily Leslie, Montara Mountain Energy 

 

Key Takeaways 
 Natural climate solutions are an important component of decarbonization because they 

involve natural sequestration and medium to long-term storage of carbon dioxide in 

lands, but natural climate solutions alone cannot generate enough negative emissions in 

the San Diego region to achieve net zero emissions. 

 To reach net zero, natural and working lands need to act as stronger net sinks than they 

currently do, which means investment in natural climate solutions and minimizing 

carbon emissions from the land. In order to accurately account for net carbon land use 

emissions, local data need to be collected and integrated into regional carbon 

calculations. 

 The most effective and most inexpensive natural climate solution in the San Diego 

region is to avoid land use change; however, this is neither feasible nor desirable 

because land use change will be important for other decarbonization actions, like siting 

renewable energy infrastructure. 

 Other important regional natural climate solutions considered here are less effective 

and more expensive and include carbon farming, wetland protection and expansion, and 

urban forestry. Other solutions are large-scale habitat restoration and reforestation, 

which is expensive and may not be effective. 

 The natural climate solutions considered here include co-benefits of ecosystem services 

(e.g., water and air quality improvements, ecological resilience, biodiversity protection) 

and economic, social, and public health benefits (e.g., energy savings and localized 

public health improvements from increased urban tree cover) that may help justify the 

cost of natural climate solutions, even in circumstances where carbon sequestration and 

storage may be relatively low. 

 

4.1  Executive Summary  

 

This document provides an overview of the natural climate solutions available for the San Diego 

region and for governments within the region. The opening part of this document reviews the 

ecological context and introduces terminology (for example, making the distinction between 
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carbon sequestration as a process and carbon storage as an accumulated quantity). It also 

introduces overarching concepts and themes (the effect of land use change on carbon 

sequestration and storage, and the co-benefits of natural carbon sequestration measures). The 

latter part of this document reviews a range of natural carbon sequestration measures available 

to regional governments like the County Board of Supervisors: land use change, agriculture, 

blue carbon, and urban trees and forestry. There is a section detailing an analysis, discussion, 

policy implications, and policy recommendations for each of these measures. 

Based on the analysis presented here, we conclude that the simplest, most effective, and least 

expensive of the solutions is to continue to protect and preserve natural and working lands 

because these lands sequester and store carbon naturally. The conservative estimates herein 

suggest that regional carbon storage is high (approximately 58 million metric tons of carbon 

dioxide equivalent (MMT CO2e) in plants, trees, leaf litter, and soil) and that annual 

sequestration is significant (over 2 MMT CO2e per year). The most important lands to protect 

are those with the highest storage and sequestration potential (such as the scrub and chaparral 

ecosystems throughout the county, which have the greatest total carbon storage potential 

overall, and coastal wetlands, which have the greatest storage potential per hectare), as well 

protecting those lands with the highest co-benefits (such as air and water quality 

improvements, biodiversity protection, and public health outcome improvements). 

Other important solutions considered in this report are to: 

1) research and incentivize carbon farming techniques like compost application, riparian 

restoration, and orchard tree retention, 

2) restore wetlands and surrounding areas, and 

3) increase urban tree canopy cover. 

Additionally, regional governments should utilize the most recent and localized data possible 

ǿƘŜƴ ŜǎǘƛƳŀǘƛƴƎ ƴŀǘǳǊŀƭ ŎƭƛƳŀǘŜ ǎƻƭǳǘƛƻƴǎΩ contributions to decarbonization. These localized 

data are crucial because inaccurate data can lead to overestimating net negative emissions, 

thus leading to falling short of net zero goals, or underestimating net negative emissions, thus 

leading to inefficiencies or higher costs incurred in other sectors contributing to net zero goals. 

Further, the uncertainties surrounding carbon cycling under droughts, wildfire recovery, or 

unseasonable rain compound the existing uncertainties of carbon accounting under normal 

conditions and justify better, more localized data. Several studies of local chaparral and blue 

carbon storage and sequestration are currently underway and these data will be critical to 

understanding and valuing regional land contributions to negative emissions and long-term 

carbon storage. 



 
 

81 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT ï NOT FOR CITA TION  

Finally, governments in the region - including the County of San Diego, city governments, tribal 

governments, and federal agencies - should quantify economically and socially important 

ecosystem service co-benefits provided by natural and working lands, carbon farming, blue 

carbon, and urban forestry. In particular, co-benefits like water savings, ground water 

recharging, air and water quality improvements, equity improvements, property damage 

reductions from storm surges and other natural phenomena, biodiversity protection, climate 

and other refugia protection, and wildfire prevention should be considered, quantified, and 

maximized in addition to carbon sequestration and storage. 

 

4.2  Introduction 

 
San Diego ǊŜƎƛƻƴΩǎ ŜŎƻƭƻƎȅ 

The San Diego region and the larger California Floristic Province are generally considered 

άōƛƻŘƛǾŜǊǎƛǘȅ ƘƻǘǎǇƻǘǎΣέ ƻǊ ŀǊŜŀǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ŜƴŘŜƳƛǎƳ ŀƴŘ Ƙŀōƛǘŀǘ 

intactness while facing threats of extinction or biodiversity loss.1ς3 San Diego County is widely 

regarded as the most biodiverse county in the nation, in large part due to its high diversity of 

plants, native bees, birds, reptiles, and mammals,2,4ς7 and the region is characterized by being 

largely shrub-dominated, having cool, wet winters with warm, dry summers, and having highly 

fragmented habitats near urban and suburban development (Figure 4.1; Table 4.1).2,8 The San 

Diego region is also home to over 70 species that are listed as either threatened or endangered 

at either the state or federal level and over 100 more species that are considered to be at-risk.9 

Further, the San Diego region contains areas that are considered refugia - or areas that are 

relatively protected from stressors that can negatively affect species or ecosystem survival - 

from fire, climate change, water stress, and recreational impacts.10 These regions will be 

increasingly important for maintaining ecosystem functioning and for protecting ecosystem 

services, like carbon storage,10,11 thus highlighting the importance of land use planning at the 

ecosystem level across the entire region.12,13 

 

Natural climate solutions 

Land use and land use change contribute to both negative and positive emissions in the San 

Diego region, though the emissions are generally net negative and therefore mean that lands 

are carbon sinks (Figure 4.2).12,14,15 Land management practices and natural resource uses can 

maintain, increase, or decrease negative emissions and therefore affect the associated strength 

of the land as a carbon sink accordingly. Those actions which maintain or increase negative 

emissions and bolster carbon sinks are commonly known as natural climate solutions.12,16,17 
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Figure 4.1. Vegetation categories within the San Diego County boundary. All data from SanGIS (SanGIS.org). 

!ƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘǎ ŀǊŜ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ ά5ƛǎǘǳǊōŜŘ ƻǊ 5ŜǾŜƭƻǇŜŘ !ǊŜŀǎΦέ 

 

  

https://www.sangis.org/
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Table 4.1. Areas (km2) and percent of total areas in the San Diego County boundary per 

vegetation category and total areas and percentages of total areas per vegetation category that 

are conserved, calculated in QGIS 3.16 from Figure 4.1. 

 Regionwide totals Conserved land totals 

Vegetation Categories Area (km2) Percent Area (km2) Percent 

Disturbed or Developed Areas, including 

Agriculture (pasture, orchards, row crops, etc.) 
2218.226 20.100 95.887 4.323 

Dune Community 190.471 1.726 181.547 95.315 

Scrub and Chaparral 6503.742 58.932 4234.537 65.109 

Grasslands, Vernal Pools, Meadows, and Other 

Herb Communities 
655.067 5.936 182.41 27.846 

Bog and Marsh 25.289 0.229 15.142 59.876 

Riparian and Bottomland Habitat, including open 

water, bays, and freshwater 
415.411 3.764 193.742 46.639 

Woodland 681.826 6.178 355.519 52.142 

Forest 345.971 3.135 172.787 49.943 

TOTAL 11036.003 100% 5431.571 49.217% 

 

 

Natural climate solutions will play a significant role in removing and storing atmospheric carbon 

dioxide. One study suggests that terrestrial and coastal lands and associated natural climate 

solutions could contribute up to 30% of the mitigation needed in 2050 to keep warming to 1.5 

degrees.18 This finding, and others, demonstrate the importance of maintaining and enhancing 

ecosystem carbon sequestration. The finding also underscores the fact that other mitigation 

and negative emissions technologies will be needed to offset natural and anthropogenic 

emissions.xi; 12,16,18ς20 In other words, natural climate solutions are not a panacea. 

 

 

 

                                                                 
xi It is worth noting that the degree to which natural climate solutions are needed will depend on other factors in 
decarbonization. For example, in the Evolved Energy Research (EER) model technical appendix (Appendix A of this 
ǊŜǇƻǊǘύΣ ǘƘŜ άbƻ {ŜǉǳŜǎǘǊŀǘƛƻƴέ ƳƻŘŜƭΣ ǿƘƛŎƘ ŀǎǎumes no carbon capture and sequestration of fossil fuel 
combustion energy sources, would require less natural sequestration because it would rely more heavily on 
renewable energy production rather than fossil fuel production. 
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Figure 4.2. Total 2019 natural and working lands carbon dioxide equivalent (CO2e) net emissions per land use and 

land use change sector and for total forestry and total agricultural sectors in the United States. Negative values are 

net negative emissions, or sequestration, and positive values are net positive emissions. Data are from the 2021 

EPA report of national greenhouse gas emissions, tables 5-1 and 6-1.15 ϝ¢ƘŜ άŜȄƛǎǘƛƴƎ ǎŜǘǘƭŜƳŜƴǘǎέ ǎŜŎǘƻǊ ƛƴŎƭǳŘŜǎ 

urban trees, which offer large sequestration gains. Without urban trees, existing settlements would have net 

positive emissions. 

 

Globally, nationally, and in California, most of the natural mitigation will occur through 

reforestation, afforestation, forest management, agroforestry, and other tree-based 

solutions.12,18,21,22 The San Diego region is shrub-dominated2 (Figure 4.1), so there are fewer 

tree-based natural climate solutions beyond restoring riparian areas and increasing the urban 

tree canopy cover.12,17 Instead, local natural climate solution such as non-forest management of 

shrublands and shrubland restoration may be important, despite not being important 

globally.12 These warrant further research but are not considered in this report. 

There are two major considerations for land use and natural climate solutions in the San Diego 

Regional Decarbonization Framework: 1) maintaining or increasing annual greenhouse gas 

(GHG) sequestration in natural and working lands and 2) decreasing or maintaining potential 

GHG emissions from the land and coastal ecosystems after a disturbance or land use change. 

This analysis focuses on net carbon dioxide equivalent (CO2e) emissions of land use and natural 

climate solutions, though it is important to note that there are numerous co-benefits associated 

with land use management and natural climate solutions including, but not limited to: 
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biodiversity and endemism conservation, natural resource availability, ecological resilience, 

ecosystem services, and more. 

Sequestration 

Carbon sequestration is the flow of carbon dioxide from the atmosphere into soils, biomass, 

geological formations, etc. Natural and working lands, the latter of which includes agricultural 

lands, like orchards, plant nurseries, row crops, and pasture lands, can sequester carbon dioxide 

through photosynthesis and can sequester methane and nitrous oxide through bacterial 

metabolic reactions,23ς25 though natural and working lands tend to be sources of methane and 

nitrous oxide rather than sinks.24,26ς28 Natural and working lands, as opposed to settlements or 

other built up areas, therefore can act provide net negative emissions and counteract some 

GHG emissions in other sectors.20,21,24 Given that natural lands tend to only have net negative 

emissions of carbon dioxide, this report will focus on methods to sequester carbon dioxide 

annually. 

Annual carbon sequestration rates vary by prevailing climate, disturbance, and dominant plant 

species,29 as will be described in some detail in section 4.3, but generally landscapes with older, 

more photosynthetic biomass, or tissues and other materials from plants that are or were a 

part of an organism, have higher sequestration rates.29,30 As such, forests tend to have higher 

sequestration rates than grasslands, for instance, with forests being able to sequester up to 

twice as much carbon as grasslands.20,21,24 While the emphasis is often on simply planting trees, 

ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ tŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜΩǎ Ƴƻǎǘ ǊŜŎŜƴǘ ǊŜǇƻǊǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ 

consensus that afforestation, or planting trees in lands like grasslands or savannas that 

historically did not have any or many trees, should be avoided, as it replaces native and 

adaptive vegetation with ill-adapted trees and is therefore more vulnerable to carbon 

emissions and provides fewer co-benefits.20,31 Further, the report emphasizes that the type of 

tree matters20,32 and that non-forest ecosystem protection and restoration are also critical.20 

Storage 

Natural and working lands hold large quantities of carbon in both biomass, living and dead, and 

in soils.21,24 Carbon storage is an accumulated stock of carbon dioxide stored as carbohydrates 

and other carbon-containing molecules. Carbon storage in plant tissues occurs when net 

primary production (NPP) is positive, which is when carbon sequestration occurs. Primary 

production is the process by which photosynthetic organisms create sugar and oxygen via water 

and carbon dioxide. NPP is the sugar creation minus the carbon dioxide released through 

respiration. When NPP is positive, the plant sequesters more carbon dioxide through sugar 

production than in releases through respiration.13ς15 As plants grow, they store carbon in their 
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tissues in both aboveground (e.g., stems, leaves, trunks) and belowground (roots) biomass. The 

fate of that carbon is highly dependent on local conditions, however, generally, some 

belowground biomass will become soil carbon as the root tissues die and are partially 

decomposed. Aboveground biomass can store carbon in the system as dead/downed woody 

debris. This storage is especially important in low humidity systems where decomposition rates 

are lower, as they are in Southern California. 

Despite the fact that natural systems are adept at storing carbon on average and in the long-

term, there is large variability by ecosystem type in the San Diego region. For instance, though 

forests and woodlands store and sequester more carbon globally, they play a smaller role in 

Southern California. This is largely due to the relative lack of forests in the San Diego region 

(Figure 4.1, Table 4.1), but is also due to the fact that existing trees and forests grow more 

slowly in the majority of Southern California than in more humid regions.13,17,22 

Similarly, the San Diego region is dominated by shrubs and other woody, non-tree plants, as 

nearly 60% of the region is classified as scrub or chaparral habitats (Table 4.1), which are locally 

important for carbon storage2,12,30 and for nitrogen storage.33 Scrub habitats, including coastal 

sage scrub (CSS) and chaparral, are somewhat unique in that they continue to provide high 

sequestration rates and storage even when they are invaded by non-native grasses, which are 

themselves inefficient carbon storage systems.33 Further, because Southern Californian scrub-

dominated ecosystems have longer historic fire regimes than forest-dominated or more 

northerly regions,34ς37 {ŀƴ 5ƛŜƎƻΩǎ ǎŎǊǳō ŜŎƻǎȅǎǘŜƳǎ ƘŀǾŜ ƭƻǿ ŎŀǊōƻƴ άǘǳǊƴƻǾŜǊέ ŦǊƻƳ ǘƘŜƛǊ 

dead, woody tissues.33 

Though marsh and wetland ecosystems are slow to sequester carbon on an annual basis, they 

hold large quantities in stable reserves38,39 and can even transport some carbon to the deep 

ocean, thereby storing it for millennia or longer.40 For California, salt marshes, salt pans, 

ƳǳŘŦƭŀǘǎΣ ŀƴŘ ǎŜŀƎǊŀǎǎ ōŜŘǎ ŀǊŜ ǘƘŜ ŎǊǳŎƛŀƭ άōƭǳŜ ŎŀǊōƻƴέ ŜŎƻǎȅǎǘŜƳǎ ǘƘŀǘ ǎǘƻǊŜ ƳŀǊƛƴŜ 

carbon.39,41,42 

Preventing emissions from land use change 

Avoided emissions are those emissions that would come from natural and working lands if not 

for some protection or prevention. In California, the majority of avoidable emissions come from 

large-scale, crown wildfires in forests and from land use change in forests, shrub, wetlands, 

grasslands, and agriculture (roughly in that order) from natural to human-made 

environments.12,13,43 In the case of wildfires, centuries of fire suppression have left areas with 

excess downed woody debris on the forest floor, which fuels faster, hotter fires.36 Additionally, 

pest and noxious weed invasions have fueled large, destructive fires, even in the face of forest 
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management, by creating larger pools of downed woody debris through tree die-offs and 

swaths of dead grasses or excessively flammable leaf litter, respectively.36,44 Further, worsening 

droughts reduce the likelihood that a healthy forest or scrub will withstand a wildfire and 

drastically reduce the likelihood that an invaded forest or scrub will withstand a wildfire.12,36,44 

¢Ƙƛǎ ǿŀǎ ǘƘŜ ŎŀǎŜ ƛƴ {ŀƴ 5ƛŜƎƻΩǎ нлло ŀƴŘ нллт ǎǳǇŜǊ ŦƛǊŜǎΣ ǿƘŜǊŜ ƭŀǊƎŜ ǉǳŀƴǘƛǘƛŜǎ ƻŦ ŘŜŀŘ ǇƛƴŜ 

trees, oak trees, and annual grasses fueled historic fires and permanently altered 

ecosystems.35,44 In the case of land use change, rapid development has fragmented the San 

5ƛŜƎƻ ǊŜƎƛƻƴΩǎ ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ŎǊŜŀǘŜŘ ƭŀǊƎŜ ŜȄǇŀƴǎŜǎ ƻŦ ǎŜǘǘƭŜŘ ŀƴŘ ōǳƛƭǘ ǳǇ ŀǊŜŀǎ ǘƘŀǘ 

provide little carbon sequestration value.2,8,13,15 

Additional future emissions will occur with sea level rise. As seawater inundates intertidal 

zones, marshes, bogs, and wetlands, the associated plants will die and the carbon stored in the 

sediment and biomass will be emitted.42 These emissions will be unavoidable,45,46 but they can 

be mitigated through restoring upland habitats and allow for wetland migration, which would 

hypothetically result in net zero emissions from wetland loss due to sea level rise.17,42,47,48 

Other considerations (co-benefits) 

Natural and working lands provide numerous societal benefits as a result of natural ecosystem 

processes. These ecosystem services include air and water quality improvements, reduced 

impacts from natural disasters, increased food and fiber production, groundwater recharging, 

increased biodiversity and ecological resilience, and improved public health. The majority of the 

proposed methods to increase carbon storage and sequestration naturally have co-

benefits.17,20ς22,49 For the natural climate solutions considered in this report, each is reported by 

the California Air Resources Board (CARB) to improve water quality and/or increase water 

quantity; protect biodiversity, habitats, and ecosystem health; and improve public health 

and/or community resilience to climate change. Additionally, protecting natural and working 

lands from land use change, urban forestry, and chaparral restoration improve air quality.49 

While this report focuses on the carbon storage and sequestration aspects of natural climate 

solutions, it will be important to characterize, quantify, and monetize the additional ecosystem 

services and co-benefits in the future in order to understand the full impacts of these solutions.  

The rest of the report will focus on four natural climate solutions that are implementable for 

the San Diego region and that would create negative emissions, maintain or increase carbon 

storage, and provide co-benefits. These four natural climate solutions are: protection of natural 

lands from land use change; carbon farming; protection of blue carbon; and urban forestry. 
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4.3  Land use change 

Introduction 

Natural and working lands are carbon sinks and are globally recognized for their ability to 

sequester and store carbon dioxide in plant biomass and soils.14,20 The current level of net 

negative emissions from natural and working lands is insufficient to offset anthropogenic 

emissions, however they represent an important tool for reaching net zero emissions globally, 

nationally, and locally.12,17,21,22,43 The repƻǊǘ άDŜǘǘƛƴƎ ǘƻ bŜǳǘǊŀƭΥ hǇǘƛƻƴǎ ŦƻǊ bŜƎŀǘƛǾŜ /ŀǊōƻƴ 

9Ƴƛǎǎƛƻƴǎ ƛƴ /ŀƭƛŦƻǊƴƛŀέ ƛƴŎƭǳŘŜǎ ƴŀǘǳǊŀƭ ŀƴŘ ŜƴƘŀƴŎŜŘ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ŀƴŘ ǎǘƻǊŀƎŜ ƛƴ /ŀƭƛŦƻǊƴƛŀΩǎ 

natural and working lands as a pillar of achieving net zero goals. That report suggests that 

California can achieve net zero emissions without out-of-state offset purchases, of which 

natural and working lands will contribute one fifth of the estimated negative emissions and 

storage.12 The natural climate solutions for natural and working lands are to protect current 

natural and working lands from land use change to settlements or barren landscapes, to 

ŜƴƘŀƴŎŜ ƭŀƴŘǎΩ ŀōƛƭƛǘȅ ǘƻ ǎŜǉǳŜǎǘŜǊ ŀƴŘ ǎǘƻǊŜ ŎŀǊōƻƴ ǘƘǊƻǳƎƘ ƭŀƴŘ ƳŀƴŀƎŜƳŜƴǘΣ ŀƴŘ ǘƻ ǊŜǎǘƻǊŜ 

degraded or lost natural and working lands to their natural states.21,22,43 

Preventing land use change to less photosynthetically productive lands (i.e. settlements or 

barren landscapes) is consistently the least expensive natural climate solution and is highly 

effective.21,22 While forest management and other land management techniques are effective 

tools in California and in the United States,17,22,43 they are less important in Southern California, 

which is shrub dominated and has few forests that would benefit from forest management on a 

large enough scale (Figure 4.1).17 Similarly, reforestation efforts are inappropriate in most of 

the San Diego region and are highly expensive.17,22,43 Other restoration efforts are also 

expensive, though some efforts, like restoring riparian zones or savannas, are relatively less 

expensive and can contribute significantly to negative emissions in the San Diego region.17,22,50 

Riparian restoration will be considered in the agriculture and carbon farming section, while 

other restoration efforts will not be discussed extensively in this report. This section will focus 

on the negative emissions benefits of protecting existing carbon pools and carbon 

sequestration potential in natural and working lands through preventing land use change. 

Land use change is a global problem that leads to net emissions as more productive carbon 

sequestering lands, like forests or grasslands, are turned into less productive lands, like 

settlements or high emissions agriculture.14,20,24 The loss of natural and working lands that 

currently hold carbon and that sequester carbon annually is twofold: there is a one-time loss of 

carbon that is stored in soil and biomass and there is the lost sequestration potential of that 

land.14 Net zero emissions scenarios rely heavily on preventing land use change that would 
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result in net emissions (e.g., urban expansion, land conversion to croplands) and promoting 

land use change that would result in net sequestration (e.g., reforestation).12,19,21,24 

Among the natural climate solutions listed above, preventing land use change is relatively 

inexpensive. National estimates for the U.S. suggest that over 60 MMT of CO2e can be 

sequestered in 2025 for marginal abatement costs of $10 or less per MT of CO2e simply through 

avoiding conversion of forest and grasslands.22 Comparatively, reforestation, which has the 

highest potential for sequestering and storing carbon of any natural climate solutions that are 

considered at the global, national, or state level, is relatively expensive.12,20,22,29 In the United 

States, this is largely due to the high costs of collecting seeds, raising seedlings in nurseries, and 

planting saplings in reforestable areas. When additional costs, such as maintenance and 

program evaluation, are considered, the costs increase further.51 Additionally, costs vary by 

prevailing climatic conditions, infrastructure, workforce, and species, thus costs are likely to be 

higher in Southern California than in the Southeastern United States or Northern California, 

where conditions, infrastructure, and species are more amenable to reforestation.12,51 

In the San Diego region, land use change occurs through natural processes, such as ecosystem 

succession after fires or pest invasions,34,36,44 and through settlement expansion, such as urban 

and transportation expansion.2,8,52 This section investigates the current approximate carbon 

storage and sequestration in the San Diego region using geospatially explicit vegetation data 

ǘȅǇŜǎ ŦǊƻƳ {!b5!DΩǎ DL{ ǇƻǊǘŀƭ όSanGIS.org). 

Methods 

All analyses, calculations, and data manipulation were done in QGIS 3.16 and Microsoft Excel. 

¢Ƙƛǎ ŀƴŀƭȅǎƛǎ ǳǎŜŘ {!b5!DΩǎ ά9/hψ±9D9¢!¢Lhbψ/bέ ŀƴŘ ά/ƻǳƴǘȅψ.ƻǳƴŘŀǊȅέ ǎƘŀǇŜŦƛƭŜǎ 

downloaded from SanGIS (SanGIS.org). Both shapefiles were downloaded in August, 2021. The 

former shapefile contains the vegetation community type for the entire region. The latter 

shapefile contains the San Diego County boundary. The layers were reprojected into California 

Albers (ESPG: 6414) and invalid geometries were fixed. The ECO_VEGETATION_CN layer was 

clipped using the County_Boundary to remove polygons that were in state waters or in other 

ŎƻǳƴǘƛŜǎΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ ƭŀȅŜǊΩǎ ǇƻƭȅƎƻƴǎ ǎƘƻǿ ǘƘŜ {ŀƴ 5ƛŜƎƻ ǊŜƎƛƻƴΩǎ ƭŀƴŘ ǳǎŜǎ όCƛƎǳǊŜ пΦмύΦ ¢ƘŜ 

areas were calculated for each polygon and converted to hectares. 

Carbon storage and sequestration values were taken from the literature (see Appendix 4.A.1 for 

sources). Whenever possible, local data were chosen. If local data were not available, then 

state, Pacific Coast, Western U.S., U.S., and global data were used, in that order. When there 

were multiple estimates in the same geographic area or when there was a range of possible 

values, the most conservative value was chosen. All carbon storage values were converted to 

metric tonnes of carbon dioxide equivalent or carbon per hectare (MT CO2e or C ha-1) and all 

https://www.sangis.org/
https://www.sangis.org/
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carbon sequestration values were converted to metric tonnes of carbon dioxide equivalent per 

hectare per year (MT CO2e ha-1 yr-1) if the data were not already reported as such. Total carbon 

storage and sequestration values for the entire region were converted into millions of metric 

tonnes (MMT). 

Carbon values were assigned to the Holland vegetation classes in the ECO_VEGETATION_CN 

dataset and were merged into thŜ ǊŜƎƛƻƴΩǎ ǾŜƎŜǘŀǘƛƻƴ ǎƘŀǇŜŦƛƭŜ ƛƴ vDL{Φ ¢ƘŜ ǇƻƭȅƎƻƴ ŀǊŜŀǎ 

were multiplied by their corresponding carbon storage and sequestration values to return each 

ǇƻƭȅƎƻƴΩǎ ŎŀǊōƻƴ ǎǘƻǊŀƎŜ ŀƴŘ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǘƻǘŀƭǎΦ ¢ƘŜǎŜ Řŀǘŀ ǿŜǊŜ ŜȄǇƻǊǘŜŘ ǘƻ 9ȄŎŜƭ ŀƴŘ 

aggregated by ōǊƻŀŘ ƭŀƴŘ ǳǎŜ ǘȅǇŜ ōŀǎŜŘ ƭŀǊƎŜƭȅ ƻƴ Lt// ƭŀƴŘ ǳǎŜ ǘȅǇŜǎΦ ¢ƘŜ Lt//Ωǎ ŦƻǊŜǎǘ 

category was disaggregated to forests, woodlands, riparian, and shrublands; settlements were 

disaggregated to urban areas, disturbed areas, and agriculture; grasslands were consolidated to 

only include grasslands and meadows; and barren areas were disaggregated to water, barren 

(here meaning having no vegetation), and desert. 

Results 

The biodiverse and rich natural landscapes in the San Diego region have significant potential for 

both carbon storage and for annual carbon sequestration (Table 4.2). This analysis shows that 

ǘƘŜǊŜ ŀǊŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ру aa¢ ƻŦ ŎŀǊōƻƴ ǎǘƻǊŜŘ ƛƴ {ŀƴ 5ƛŜƎƻΩǎ ōƛƻƳŀǎǎ ŀƴŘ ǎƻƛƭǎΦ {ŎǊǳō 

ecosystems, including chaparral and coastal sage scrub, contribute most significantly to carbon 

storage, due in large part to their abundance and their local adaptations (Figure 4.1). Per 

hectare, coastal wetlands store the most carbon of any system. They are followed by tree-

dominated systems, like woodlands, forests, and riparian areas. Wetlands are one of the least 

abundant systems in the region, though tree-dominated systems also have relatively low 

coverage. This is all readily visible in Figure 4.3, which shows the highest carbon storage per 

hectare values are red and the lowest as blue. 

In addition to storage, the region also has high sequestration values and can sequester 

approximately 2.25 MMT of carbon per year. The largest sequestration potential is in 

scrublands, forests, woodlands, and riparian zones. However, settlements show some high 

sequestration potential because of urban trees (Table 4.2). Per polygon, forests and woodlands 

have the highest annual sequestration rates per hectare (Figure 4.4 ς red values have the 

highest rates, blue have the lowest rates). Interestingly, disturbed wetlands have net positive 

emissions,42,48,53 so those polygons (Figure 4.4 ς black polygons) have negative sequestration 

values, despite continuing to store carbon (Figure 4.3). 
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Table 4.2 Total carbon storage (MMT CO2e) and sequestration (MMT CO2e yr-1) in the San Diego 

region by land use category and for all land uses throughout the region. 

 

Vegetation 

Category 

Total carbon 

stock (MMT) 

Total carbon 

sequestration 

(MMT) 

Scrub 32.092964 1.4255247 

Woodlands 12.718755 0.3457617 

Forests 5.384545 0.3081349 

Agriculture 2.34543 0.0242784 

Riparian 1.7381 0.0747383 

Grassland 1.431422 0.0007534 

Settlement 1.2827819 0.0650613 

Wetland 0.623143 0.0043672 

Disturbed 0.235353 0.0001239 

Desert 0.00477945 0 

Water 0 0 

Barren 0 0 

Grand Total 57.8572734 2.2487437 
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Figure 4.3 Total stored carbon (MT CO2e ha-1) estimates for the San Diego region. Warmer colors represent larger 

carbon stock estimates, cooler colors represent lower stock estimates, and white represents no carbon stock. 

Regionwide sequestration totals per vegetation category were calculated from these values and are in Table 4.2. 
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Figure 4.4 Annual sequestration rate (MT CO2e ha-1 yr-1) estimates for the San Diego region. Warmer colors 

represent higher rates, cooler colors represent lower rates, white represent no sequestration, and black represents 

net positive emissions. Regionwide sequestration totals per vegetation category were calculated from these values 

and are in Table 4.2. 

 

Discussion 

{ŀƴ 5ƛŜƎƻΩǎ ƴŀǘǳǊŀƭ ŀƴŘ ǿƻǊƪƛƴƎ ƭŀƴŘǎ ǊŜǇǊŜǎŜƴǘ ǘǿƻ ƛƳǇƻǊǘŀƴǘ ƴŀǘǳǊŀƭ ŎƭƛƳŀǘŜ ǎƻƭǳǘƛƻƴǎΦ CƛǊǎǘΣ 

the lands provide stable, long-term carbon storage for the region and keep carbon dioxide out 

of the atmosphere. Second, the lands provide annual net negative emissions by sequestering 

ŀǘƳƻǎǇƘŜǊƛŎ ŎŀǊōƻƴ ƛƴ Ǉƭŀƴǘ ǘƛǎǎǳŜǎΣ ǘƘŜǊŜōȅ ǊŜƳƻǾƛƴƎ ǎƻƳŜ ƻŦ ǘƘŜ ǊŜƎƛƻƴΩǎ ŀƴǘƘǊƻǇƻƎŜƴƛŎ 

emissions. This analysis is not comprehensive and is meant to illustrate that regional lands are 

currently producing natural climate solutions at little to no cost and that these lands should be 

valued for their sequestration and storage abilities. 

¢Ƙƛǎ ŀƴŀƭȅǎƛǎ ōǊƻŀŘƭȅ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ǘƘŜ ǊŜƎƛƻƴΩǎ ƴŀǘǳǊŀƭ ŀƴŘ ǿƻǊƪƛƴƎ ƭŀƴŘǎ ŀǊŜ ǇǊƻǾƛŘing 

natural climate solutions at little to no cost. These carbon sinks are valuable for future 

decarbonization pathways because they store carbon and because they continually sequester 

carbon. Figure 4.3 shows that land use change throughout most of the region will result in large 

one-time emissions of carbon that is currently stored in biomass and soils. While positive 
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emissions from land use change are not explicitly accounted for in any of the Climate Action 

Plans,xii this accounting is imperative to reaching a net zero future. Additionally, Figure 4.4 

shows that land use change throughout most of the region will have long-term sequestration 

consequences, as those lands will sequester less carbon each year after they change. This 

accounting will also be imperative to consider as the lost annual negative emissions would need 

to come from other sources like other natural and working lands or technological solutions.16,18 

Development of natural and working lands is inevitable and will be important for other 

decarbonization pathways, especially for renewable energy siting (see Chapter 2 for more 

detail), but this analysis demonstrates that there are climate and emissions costs that would be 

incurred with land use change in the region. 

There are some caveats and drawbacks to this analysis. First, local data were unavailable for 

some vegetation classes and the values used may not accurately reflect local conditions or 

circumstances. Local data will become more important in the future as droughts and 

phenomena affect the San Diego region. A study by Luo et al. (2007)30 found that chaparral in 

San Diego is a strong sink in normal years, but becomes a source of CO2 in years of severe 

droughts. That study highlights the uncertainties in carbon accounting and the importance of 

localized data. Second, soil carbon estimates were not universally included in the literature or it 

was not clear whether soil carbon had been included in some stated values. Excluding soil 

carbon would underestimate the total stored carbon, but it is unlikely to affect the carbon 

sequestration rates because the majority of measured soil carbon is relatively shallow, where 

much of the long-term soil carbon storage is in deeper soil layers.54 Third, eelgrass and other 

marine, beach, and intertidal plants and algae were not included in the vegetation classification 

shapefiles or were not included in enough detail to make determinations. Thus, their carbon 

storage and sequestration potentials are missing, despite the fact that they may be significant, 

which is almost certainly the case of eelgrass.38,41,55 Fourth, this analysis was done at a coarser 

scale than other regional and localized analyses that are forthcoming.xiii Those more detailed 

analyses should be considered more accurate because they will better reflect plant biomass and 

soil carbon estimates as well as carbon sequestration potential. Finally, this analysis would 

benefit from research done by local institutions and organizations like WildCoast, the Climate 

Action Alliance, San Diego State University, and the Scripps Institution of Oceanography. When 

local data are available, they should be incorporated into all land use analyses as quickly as 

possible. 

 

                                                                 
xii Personal communication Scott Anders, September 2021. 
xiii Personal communication Drs. Megan Jennings and Matthew Costa, 2021 and information from the Climate 
Action Alliance detailed here: https://www.climatesciencealliance.org/carbon-sequestration  

https://www.climatesciencealliance.org/carbon-sequestration
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Policy implications 

This analysis illustrates that an ounce of prevention is worth a pound of cure ς protecting a 

hectare of natural and working lands will prevent emissions and will continue to sequester 

carbon in a low to no cost manner. As such, natural and working lands contribute to negative 

emissions in the region and mitigate some local anthropogenic emissions. Meanwhile, losing 

natural and working lands would require expensive restoration, mitigation, or negative 

emissions technology investments to capture the one-time emissions of stored carbon and to 

continue to sequester the carbon that those lands would have sequestered naturally. 

Further, this analysis illustrates that those efforts to characterize the carbon storage and 

sequestration capacity of natural and working lands in the San Diego region should be 

supported by governments because current policies are generally not informed by the most 

localized carbon cycling data. Similarly, this analysis shows that preventing or mitigating 

emissions from land use change is crucial. Thus, regional governments should include emissions 

from lost biomass and soils as well as the lost carbon sequestration potential when deciding 

land use policies and decarbonization pathways. Additional effort should be applied to 

monetizing these emissions and lost sequestration potential in order to properly incentivize 

natural and working land protection and to understand the extent of regional net negative 

emissions. 

Policy recommendations: 

 Prevent land use change from natural and working lands to settlements or other less 

productive lands when possible. 

 Support S!b5!DΩǎ ǳǊōŀƴ ƎǊƻǿǘƘ Ǉƭŀƴǎ ǘƘŀǘ ǇǊƻƳƻǘŜ ŘŜƴǎƛŦƛŎŀǘƛƻƴΦ 

 Support studies to accurately measure and report local carbon stocks and 

sequestration rates. 

 Consider incorporating the costs of carbon dioxide emissions from land use change 

and the lost carbon dioxide sequestration potential into land use planning decisions. 

 

4.4 Agricultural sector 

 
Introduction 

Agriculture is usually a net GHG emitter because livestock, farmed animals, and rice fields 

release methane; soil bacteria release nitrous oxide; and crop production and harvesting 

release soil carbon (Figure 4.2).14,15,24 Many natural climate solutions focus on ways to both 

reduce carbon dioxide emissions and enhance sequestration potential,21,22,24 where methane 

and nitrous oxide management are more nuanced and difficult26,27 However, manure and 

fertilizer management can reduce methane and nitrous oxide emissions, respectively.21,50 
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This report will focus on the carbon dioxide implications of agricultural climate solutions, 

ǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŎƭƛƳŀǘŜ ŦŀǊƳƛƴƎΣέ ǘƘƻǳƎƘ ƛǘ ǿƛƭƭ ƴƻǘŜ ƛƳǇƻǊǘŀƴǘ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ŦƻǊ 

methane and nitrous oxide when applicable. The two primary methods for addressing CO2 

sequestration and emissions in existing agriculture are to amend soils or otherwise change 

farming practices to increase the stored carbon in the soil and to prevent emissions. Examples 

of the former include adding on-farm compost to soils, planting cover crops, planting trees in or 

around farms or pastures, planting perennial plants rather than annuals, or adding biochar. 

Examples of the latter include cover cropping, practicing no or low-till agriculture, planting 

perennial plants rather than annuals, or planting trees.12,20,21,50 

It is important to state that there are significant uncertainties in GHG accounting in agricultural 

lands because the soil gas interchanges are complicated and highly heterogeneous (they 

depend largely on weather and inputs on any given day and on existing soil gas 

composition).12,27 The majority of agricultural climate discussions that focus on the United 

{ǘŀǘŜǎ ǊŜƭȅ ƻƴ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΩǎ ό¦{5!ύ /ha9¢ ǇƭŀƴƴŜǊxiv and the discussions 

that focus on California use a California-specific COMET planner toolxv, with additional help 

from the California Air Resources Board and the California Department of Food and Agriculture. 

This tool is important, though it should be used carefully because there are some important 

caveats to these data. First, the data behind the estimates represent 10-year averages and the 

values should be considered invalid beyond that timeframe.12,56 Second, the models that use 

the field data are simple relative to the biochemical interactions in soils. Given that soils are 

highly dynamic systems, there are concerns that the COMET planner overestimates the amount 

of carbon that will be stored and may simultaneously underestimate the potential nitrous oxide 

emissions.12,27 CǳǊǘƘŜǊΣ ǘƘŜ ǊŜǇƻǊǘ άDŜǘǘƛƴƎ ǘƻ bŜǳǘǊŀƭέ ƴƻǘŜǎ ǘƘŀǘ ǘƘŜ ƳƻŘŜƭǎ ǳƴŘŜǊƭȅƛƴƎ ǘƘŜ 

COMET planner also likely overestimate how much carbon is stored in deeper, and thus longer 

term, soil storage.12 ¢ƘǳǎΣ ǘƘŜ άDŜǘǘƛƴƎ ǘƻ bŜǳǘǊŀƭέ ǊŜǇƻǊǘΣ ŀƴŘ ƻǘƘŜǊǎΣ ŜƳǇƘŀǎƛȊŜ ǘƘŜ 

importance of longer term monitoring of local demonstration farms where climate farming 

practices have been implemented.12,50 

Discussion 

In lieu of sufficient localized carbon sequestration data, Dr. Puja Batra produced a report50 for 

the unincorporated San Diego region to recommend policies for the County regarding climate 

farming and transforming agricultural lands from sources to sinks using California-specific 

COMET planner data. That report focused on compost applications in orchards, rangelands, and 

                                                                 
xiv http://comet -planner.com/  
xv http://www.comet-planner-cdfahsp.com/  

http://comet-planner.com/
http://www.comet-planner-cdfahsp.com/
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row crop fields as well as riparian restoration, though it also discussed preventing the removal 

of orchard trees due to increasing marginal costs of watering and losses due to fire. 

Compost application yielded the highest carbon sequestration benefits, according to Batra,50 

resulting in 227,170 MT of CO2e sequestered annually. However, the report notes that there 

are potential problems of nitrogen leaching into surface water and groundwater if the 

application rate is too high or if the nitrogen levels in the compost are too high.50 Repeated 

application of compost may result in eutrophication50 and/or net GHG emissions from the 

soil,12,27,43 so compost application for the sake of carbon sequestration will need to be coupled 

with monitoring. Regardless of carbon sequestration potential, compost application may offer 

co-benefits in reduced application of synthetic fertilizers, which could reduce NOx emissions;22 

improved manure management, which could reduce CH4 and NOx emissions;12,22,50 and 

increased soil water retention.20,22,50 

Batra50 ŀƭǎƻ ƛƴǾŜǎǘƛƎŀǘŜŘ ǊƛǇŀǊƛŀƴ ǊŜǎǘƻǊŀǘƛƻƴ ŀǎ ŀ ƳŜŀƴǎ ƻŦ ǎŜǉǳŜǎǘŜǊƛƴƎ ŎŀǊōƻƴ ƛƴ ǘƘŜ ǊŜƎƛƻƴΩǎ 

agricultural lands. The unincorporated county has nearly 7,000 miles of freshwater and riparian 

systems,50 which are typically dominated by shrubs and trees and have higher carbon 

sequestration potential than forb and grass-dominated systems.2,6,24 Restoring riparian 

ecosystems typically involves planting native trees and shrubs, which is estimated to result in 

approximately 2 MT of CO2e sequestration per acre per year.50,56 Batra estimated restoration of 

about 25% of riparian habitats and 35 feet of buffer zones around them would result in 

approximately 7,230 MTCO2e per year.50 Together, compost application and riparian restoration 

may sequester up to 234,400 MTCO2e per year.50 

Finally, Batra considered the emissions from recent orchard tree removals and the lost 

sequestration value of those trees. The unincorporated county lost approximately one million 

orchard trees from 2000 to 2015. Many of the trees were removed because rising marginal 

costs of inputs like water forced farmers to save costs by removing some of their orchard 

trees.50 Trees are particularly good at sequestering carbon because they deposit carbon deep in 

the soil and store carbon in biomass,12,20,21,29 so removing these orchard trees has two carbon 

related impacts. First, it releases stored soil carbon and begins the process of releasing the 

ōƛƻƳŀǎǎ ŎŀǊōƻƴΦ {ŜŎƻƴŘΣ ƛǘ ǊŜŘǳŎŜǎ ǘƘŜ ƻǊŎƘŀǊŘΩǎ ŀƴƴǳŀƭ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ōŜŎŀǳǎŜ ǘƘŜ 

removed tree is no longer able to sequester carbon annually.50 Batra estimated that the lost 

orchard trees released 243,468 MT of CO2e and lost the ability to store 131,657 MT of CO2e 

during that period. All told, the loss of orchard trees in the unincorporated county is estimated 

to be more than 375,000 MT CO2e.50 This analysis highlights the importance of retaining 

existing carbon pools, however, it also speaks to the incentives that farmers face. 
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.ŜȅƻƴŘ .ŀǘǊŀΩǎ ǊŜǇƻǊǘΣ ƻǘƘŜǊ ŎŀǊōƻƴ ŦŀǊƳƛƴƎ ƳŜǘƘƻŘǎ ǘƻ ŎƻƴǎƛŘŜǊ ǎƘƻǳƭŘ ƛƴŎƭǳŘŜ ŎƻǾŜǊ 

cropping, improved species selection, and restoration of degraded, abandoned, or marginal 

agricultural lands.12,20ς22 Importantly, each of these techniques has co-benefits, including 

increased soil water retention, increased biodiversity, more shade for livestock, improved or 

increased habitat, and/or increased agricultural yields.20ς22,57 The restoration component is 

likely to offer the greatest co-benefits for the San Diego region in large part because planting 

trees in grasslands leads to large belowground and aboveground carbon storage gains as well as 

improved biodiversity, soil health, water quality and quantity, and air quality outcomes.12,20ς22,24 

DƛǾŜƴ ǘƘŀǘ ǘƘŜ ǊŜƎƛƻƴΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ƻǳǘǇǳǘ ŀƴŘ ŀŎǊŜŀƎŜ ŀǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ ƭƛǾŜǎǘƻŎƪ ƎǊŀȊƛƴƎΣ 

rangelands, and pasturelands,2,58 planting trees in grasslands is likely to improve regional 

carbon sequestration while offering numerous co-benefits. 

Addressing methane and nitrous oxide emissions is generally more difficult because there are 

generally fewer carbon farming solutions, despite the fact that they contribute more warming 

potential to the atmosphere than CO2.13,14,21,24,50 Methane in the San Diego region is primarily 

emitted from landfills, livestock manure, enteric fermentation, and wastewater, though there 

are also some methane emissions from natural decomposition in wetlands and wetland 

loss.12,17,20,24,47 Batra did not account for the agricultural methane that is prevented from 

entering landfills because avoided methane emissions are covered by regional climate action 

plans and would constitute double counting.50,59,60 This would also be the case for the City of 

{ŀƴ 5ƛŜƎƻΩǎ ǿŀǎǘŜǿŀǘŜǊ ŜƳƛǎǎƛƻƴǎΦ59,60 There are, however, some manure and enteric 

fermentation management techniques that would not be double counting for the region. These 

include on-site anaerobic manure digestion, methane capture or digestion from enteric 

fermentation, methane reduction from enteric fermentation.12,50,57,61,62 The opportunities to 

ǊŜŘǳŎŜ ƳŜǘƘŀƴŜ ŀƴŘ ƴƛǘǊƻǳǎ ƻȄƛŘŜ ŜƳƛǎǎƛƻƴǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴΩǎ ŀƎǊƛŎǳƭǘǳǊŜ ǎŜŎǘƻǊ ǊŜǉǳƛǊŜ ŦǳǊǘƘŜǊ 

study, but they may provide important GHG emissions reductions. 

Two demonstration projects hosted by the Resource Conservation District of Greater San Diego 

County58,63 and several independent agricultural operations in San Diego County64 offer 

examples of carbon farming and monitoring and will provide further insight into the carbon 

sequestration benefits and the capital costs associated with the new techniques, processes, and 

monitoring. Projects like these will be critical for understanding the long-term costs and 

benefits of carbon farming and may help to create a local market for carbon offsets.64 

Policy implications 

Localized data from farms, orchards, pastures, and rangelands will be crucial to understanding 

the carbon storage benefits of different carbon farming techniques. There are significant 

ǳƴŎŜǊǘŀƛƴǘƛŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ¦{5! ŀƴŘ /5C!Ωǎ Řŀǘŀ ǘƘŀǘ ǳƴŘŜǊƭƛŜ ǘƘe COMET planner 
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tools,12,56 largely because soil systems are complex and nuanced and because soil carbon 

storage is highly dependent on local conditions.12,27,29 Thus, improved data for local agricultural 

ǇǊƻŘǳŎǘƛƻƴǎ ǿƻǳƭŘ ŜƴƘŀƴŎŜ ǘƘŜ ǊŜƎƛƻƴΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴg of agricultural carbon fluxes and would 

better inform carbon farming techniques and policies. 

Additionally, cost data should be collected and incorporated into carbon farming analyses. 

Many carbon farming techniques are expensive because they require additional or specialized 

machinery. For example, no-till agriculture prevents soil carbon losses during tilling, but 

requires using specialized machinery for seeding. Conversely, compost application requires a 

much smaller investment into a tractor attachment.50 Further, data collection can be costly and 

there is little economic incentive for farmers to independently engage in regular soil testing to 

track carbon storage.64 Thus, the costs of new equipment investments, marginal operating and 

management of carbon farming, and soil testing should be incorporated into cost-effectiveness 

and/or cost-benefit analyses to inform government spending on subsidizing or otherwise 

reducing the costs of carbon farming. 

Finally, stakeholder input generally agreed that the incentive structures are not set up to 

incentivize carbon farming in the region. There seems to be high agreement that local farmers 

need financial assistance in order to address their carbon emissions and to allow them to 

engage in carbon farming. Policies addressing carbon farming will need to focus on 

ƛƴŎƻǊǇƻǊŀǘƛƴƎ ŦŀǊƳŜǊǎΩ ŜȄǇŜǊƛŜƴŎŜǎΣ ŎƻƴŎŜǊƴǎΣ ŀƴŘ Ŏƻǎǘ Řŀǘŀ ƛƴ ƻǊŘŜǊ ǘƻ ƳŀȄƛƳƛȊŜ ŎŀǊōƻƴ 

storage potential in an equitable manner. 

Policy recommendations: 

 Study local carbon farming techniques to better understand carbon storage and 

sequestration potential, costs, associated ecosystem services, and economic benefits. 

 Consider subsidizing tree planting in and around agricultural lands and additionally 

incentivizing farmers to retain existing trees. 

 Engage farmers and other stakeholders to create carbon farming policies that are 

equitable, just, and beneficial to farmers and farming communities. 

 

4.5 Blue Carbon and Sea level rise 

 

Introduction 

Blue carbon generally refers to the carbon storage and sequestration potential in vegetated 

coastal ecosystems, like seagrass beds, marshes, wetlands, and mangrove forests, but it 

sometimes specifically refers to restoring vegetated coastal ecosystem in order to improve 

carbon sequestration and storage.20,39 Coastal ecosystems are known for their many ecosystem 
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services, including many economically valuable services such as storm surge reduction, wave 

action and wind buffering, commercially important fish nursery habitats, and air and water 

quality improvements.20,57 Further, many coastal ecosystems are being protected because they 

collectively store disproportionately high levels of carbon per unit area than the majority of 

ecosystems and store carbon on the order of millennia.38,41,65 

The San Diego region historically contŀƛƴŜŘ ƻǾŜǊ ƘŀƭŦ ƻŦ ǘƘŜ {ƻǳǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀƴ .ƛƎƘǘΩǎ ōƭǳŜ 

carbon habitats (~11,000 hectares), much of which was in the Mission and San Diego Bays. 

Since mapping efforts began around 1850, it is estimated that San Diego has lost approximately 

31% of its historic wetlands through conversion to non-wetland systems like urban 

development.66 Wetlands throughout the region are susceptible to land use change, sea level 

rise, and invasive species, all of which would reduce or eliminate annual carbon sequestration 

and emit carbon dioxide and methane that are stored in the soils.17,20,47,48 As with terrestrial 

carbon storage and sequestration, the primary methods of maintaining or enhancing blue 

carbon are through protection of existing wetland ecosystems and restoration of degraded or 

lost wetland ecosystems. 

The San Diego region has lost seagrass beds, salt marshes, mudflats, coastal riparian zones, and 

other intertidal zones39,48,66 and will likely continue to lose these habitats into the future.42,46,53 

Of these lost ecosystems, only some will be eligible for restoration,17,48 which highlights the 

importance of protecting existing ecosystems. Additionally, there are strong economic reasons 

to prevent further wetland loss or degradation. First, wetland restoration results in less annual 

sequestration than comparable non-forest restoration, all while costing more.12,67 Protecting 

existing wetlands will be less expensive and more effective than restoring or mitigating wetland 

loss. Second, the one-time releases of stored carbon dioxide and methane will be significant 

because wetlands have a higher density of carbon storage per unit area than other regional 

ecosystems,38,39,41 so the costs of offsetting or removing those emissions from even 

geographically small lost wetlands will be significant. Third, an estimate by The Nature 

Conservancy of California found that wetland restoration in California would result in over $1 

billion of avoided climate-related damages due to ecosystem services provided by expanded 

wetlands,17 highlighting the importance of existing wetlands, which currently provide those 

services at no cost. Fourth, wetland restoration is expensive, so it is economically important for 

the region to prevent wetland loss and apply restoration funds to natural climate solutions that 

have lower marginal costs and higher sequestration rates.12,21,22 

While wetlands contribute meaningfully to negative emissions, they are predicted to emit more 

CO2 than they sequester with sea level rise, absent wetland migration, or land use change to 

wetlands as sea water inundation occurs.42,47,48 This analysis shows the potential carbon dioxide 
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emissions from lost wetland habitats in the San Diego region under 1 foot of sea level rise, 

which is expected to occur by approximately 2030.45 The analysis then estimates the land use 

requirements of direct air capture (DAC) that would be needed to sequester the released CO2 

as a demonstration of some of the costs required to offset wetland loss. 

Methods 

The City of San Diego published a draft report showing that they predict local sea level rise (SLR) 

of approximately 0.25 meters, or about 1 foot, by 2030.45 The report found that 0.25 meters of 

{[w ǿƻǳƭŘ ƛƴǳƴŘŀǘŜ ŀōƻǳǘ по҈ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǊŜƳŀƛƴƛƴƎ ǎŀƭǘ ƳŀǊǎƘŜǎΦ45 To analyze the lost blue 

carbon potential and the emissions from lost wetland habitats, the National Oceanic and 

!ǘƳƻǎǇƘŜǊƛŎ !ƎŜƴŎȅΩǎ hǊŀƴƎŜ ŀƴŘ {ŀƴ 5ƛŜƎƻ Ŏƻǳƴǘȅ ǎŜŀ ƭŜǾŜƭ ǊƛǎŜ Řŀǘŀ ǿŜǊŜ ǳǎŜŘΦ68 The 1 foot 

of SLR layer was reprojected into California Albers (ESPG: 6414) and invalid geometries were 

fixed. The current, fixed vegetation layer from SANDAG, in ESPG: 6414, from the land use 

section was used to show the vegetation types that would be affected by 1 foot of SLR. 

The vegetation layer was filtered to only include the categories of bogs, marshes, riparian, and 

bottomland habitats. These remaining vegetation types were further filtered to remove 

habitats that are not typically considered blue carbon such that only marshes, estuaries, 

riparian areas, and mudflats/saltpans remained (see Appendix 4.A.2 for details). Seagrass was 

excluded from this analysis because it is not included in vegetation mapping. Further study into 

seagrass contributions to blue carbon accounting and the effects of sea level rise on that carbon 

sink would be beneficial because seagrass is an important blue carbon ecosystem.40,41 The final 

areas of each polygon were calculated in units of hectares and final polygons with an area equal 

to zero hectares were dropped, as in the land use change section. 

The blue carbon vegetation class was used to determine the emitted carbon from the carbon 

stock and the lost carbon sequestration potential. These values were taken from the literature 

and were preferentially from San Diego, California, the west coast of the contiguous United 

States, anywhere in the United States, or any blue carbon study, in that order. A table of values 

and sources is in Appendix 4.A.2. The carbon stock and sequestration values from the literature 

were converted to metric tons of carbon dioxide equivalent per hectare (MT CO2e ha-1) if they 

were not already in those values. They were then multiplied by the appropriate vegetation 

ŎƭŀǎǎΩǎ ǘƻǘŀƭ ŀǊŜŀ ǘƻ ƎŜǘ ǘƘŜ ƻƴŜ-time positive emissions and the foregone negative emissions 

from planned land use change in the region. 

Results 

The anticipated 1 foot of sea level rise by 2030 is projected to result in a loss of nearly 800 

hectares of blue carbon habitats throughout the region, an area approximately 1.4 times the 

size of downtown San Diego (Table 4.3, Figure 4.5).69 This level of loss will result in 
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approximately 180,112 MT CO2e emitted directly into the atmosphere. Additionally, the lost 

habitats would have been able to sequester approximately 1,715 MT CO2e per year (Table 4.3). 

In order to offset these one-time emissions and to sequester the carbon dioxide that would 

have been sequestered, a comparable level of new wetlands, marshes, and riparian habitats 

would need to be restored prior to 2030. However, such restoration efforts would merely allow 

the region to break even by sequestering as much as is being emitted from blue carbon 

habitats. 

 

Table 4.3. Total lost habitat (hectares), annual carbon sequestration (metric tonnes per year), 

and long-term storage (metric tonnes emitted upon loss) per blue carbon vegetation class. 

Vegetation 

classification 

Total area lost with 

1 foot of SLR (ha) 

Lost annual 

sequestration (MT 

CO2e yr-1) 

Lost carbon 

storage (MT CO2e) 

Freshwater marsh 20 28 3,020 

Mudflats/Saltpans 22 44 5,082 

Riparian scrub 14 60.2 1,400 

Salt marsh/estuary 726 1,582.68 170,610 

Total terrestrial blue 

carbon ecosystems 
782 1,714.88 180,112 
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Figure 4.5. Some blue carbon habitats will be lost under 1 foot of sea level rise in the San Diego region. Blue areas 

in the map show such habitats, which are quantified by ecosystem category in Table 4.3. Insets show more detail 

of two regions with blue carbon losses. 

 

Discussion 

As in the case of regional land use change in forests and non-forest terrestrial ecosystems, 

protecting wetlands, marshes, mudflats, and riparian habitats from loss is the first-best option 

because doing so both protects existing stored carbon stocks and ensures annual carbon 

capture and sequestration. Protection of existing blue carbon habitats is especially important 

because they hold larger quantities of carbon per unit area and for longer periods of time than 

{ŀƴ 5ƛŜƎƻΩǎ ŦƻǊŜǎǘ ŀƴŘ ƴƻn-forest ecosystems.38,53,55,67 

Unlike regional land use change, which can generally be planned for and can thereby be 

reasonably prevented, blue carbon ecosystem loss is inevitable given current estimations of sea 

level rise and the dearth of options to prevent sea water inundation and flooding.20,42,46 

Similarly, restoration of other ecosystems in order to offset the anticipated losses of blue 

carbon ecosystems will be expensive and likely impractical, given the challenges of 

restoration.12,17,51 Thus, the remaining options are to expand existing blue carbon habitats, and 
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thus allow for so-called wetland migration, or to invest in other natural climate solutions in the 

region. 

Policy implications 

Wetland, marsh, and mudflat losses will significantly impact ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǊŜƎƛƻƴΩǎ ƴŀǘǳǊŀƭ 

climate solutions to contribute to negative emissions. Local carbon sequestration and storage 

data are forthcoming from organizations like the Scripps Institution of Oceanography (pers. 

comm., Dr. Matthew Costa, July 22, 2021), which will improve the analysis of anticipated 

impacts from sea level rise. Nevertheless, the unique threats of sea level rise and the eventual 

emissions from low-lying blue carbon ecosystems should be accounted for in decarbonization 

plans, even if data are imperfect. 

Policy recommendations: 

 Protect existing carbon storage pools in blue carbon ecosystems from anthropogenic 

land use change. 

 Collaborate with organizations and governments to study local blue carbon values to 

improve blue carbon accounting in the region. 

 Collaborate with organizations and governments to study the feasibility and costs of 

wetland migration, wetland restoration, and carbon sequestration enhancement in 

existing wetlands. 

 

4.6 Urban trees 

 

Introduction 

Urban trees are those trees which exist within urban boundaries and were either planted or are 

somehow maintained.70ς72 Trees are often planted in urban settings because they provide 

ecosystem services like reducing air pollution, providing shade that cools buildings, reducing 

urban stormwater runoff, increasing aesthetic value, reducing noise, and other services.17,70,71 

However, urban trees are also being recognized for their contributions to negative carbon 

dioxide emissions because their growth reduces atmospheric CO2.17,73,74 Urban trees provide 

the only natural climate solutions for urban areas and settlements that have replaced natural 

and working lands, so it is critical for such areas to have urban trees to produce negative 

emissions in lieu of natural landscapes. Further, these trees also provide co-benefits that were 

lost to land use change to surrounding communities that are disproportionately affected by 

poor air quality, high temperatures, and little shade or green space.17,70 

There are, however, some important caveats to urban forestry that are worth consideration in 

the San Diego region and elsewhere. First, urban trees are more stressed than their wild 
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counterparts and thus have shorter lifespans on average, though they can still sequester carbon 

for more than 40 years.75 The shorter lived urban trees will require more frequent replacement 

than naturally occurring trees in natural landscapes, which will need to be factored into 

planning. Second, if urban trees require large inputs, like water and fertilizers, that in turn 

require fossil-fuel based inputs, like energy or synthetic fertilizers, then urban forests can be 

net emitters because their care can require more CO2 emissions than they can sequester.75 

Third, the species of tree planted has large implications for carbon sequestration, life 

expectancy, water and maintenance needs, and potential co-benefits, highlighting the 

importance of careful tree selection based on local conditions and needs.75ς77 Fifth, as trees 

reach the end of their lives, they will need to be replaced in order for the urban forest to 

continue to provide services. Thus, tree planting goals may be too low as urban forests age and 

die.78 Finally, urban greening often focuses on trees because of their ability to provide unique 

services like shading and subsequent cooling, but regional greening should also include plans to 

plant native or non-native drought tolerant shrubs and plants. These plants can offer aesthetic 

value, air pollution mitigation, water quality improvements, improved habitat and biodiversity, 

and carbon storage all while generally requiring fewer inputs than trees.17,70,79 

Discussion 

In a 2003 San Diego regional analysis, the non-profit American Forests produced a report of the 

tree cover in the City of San Diego and 22 surrounding cities and communities and found that, 

collectively, these urban forests stored 640,846 MT of carbon and sequestered 4,864 MT of 

carbon annually.70 Despite the significant sequestration and storage values, the study region 

lost 29% of its tree cover from 1985 to 2002.70 While California as a whole has steadily gained 

tree cover and urban carbon sequestration since 1990,73,80 the San Diego region has not seen 

similar gains and thus has the potential to create substantial negative emissions through 

expanding urban tree cover.17,70,78 

A 2021 national report by American Forests projected carbon storage and sequestration based 

on stated tree planting goals in different jurisdictions and assuming a 1% dieback rate of 

existing trees using current carbon storage and sequestration values, recognizing that there will 

be climate-related feedbacks to tree growth and life expectancy in response to localized climate 

change.78 The report found that San Diego County is expected to increase its urban tree carbon 

storage by approximately 6 MMT of carbon and to increase its annual sequestration rate by 

0.32 MMT of carbon per year from 2010-2060 through urban tree expansion alone.78 The 

report also noted that San Diego County is expected to see an increase in avoided emissions as 

urban trees are expected to reduce electricity use for cooling, though, importantly, there will be 

increased emissions with urban expansion and overall avoided emissions will be reduced 

through the loss of natural lands.78 
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An analysis by The Nature Conservancy of California found that the San Diego region had 

111,763 acres of urban land that was suitable for urban forestry or other greening.17,81 At an 

average sequestration rate of approximately 7 MT of CO2e per acre per year, the report 

estimates that Ŧǳƭƭȅ ŦƻǊŜǎǘƛƴƎ ǘƘŜ {ŀƴ 5ƛŜƎƻ ǊŜƎƛƻƴΩǎ ǳǊōŀƴ ŀǊŜŀǎ ǿƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ƻǾŜǊ н aa¢ 

CO2e of annual sequestration.17,81 

Though these estimates are rough because they are not based on extensive field data, they still 

highlight the importance of greening the regionΩǎ ǳǊōŀƴ ŀǊŜŀǎ ŀǎ ŀ ƴŀǘǳǊŀƭ ŎƭƛƳŀǘŜ ǎƻƭǳǘƛƻƴΦ !ǎ 

cities and municipalities throughout the region set and achieve tree planting goals, it will be 

important to account for accurate, localized carbon stock and sequestration values based on 

species, tree age, tree health, and growing conditions. Additionally, it will be important for 

ǳǊōŀƴ ŀǊŜŀǎ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ōƻǘƘ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀǾƛƴƎǎ ŘǳŜ ǘƻ ǘǊŜŜǎΩ ŎƻƻƭƛƴƎ ŜŦŦŜŎǘǎ ŀƴŘ ǘƻ 

account for the emissions from inputs like watering, tree care, fertilizers, etc.  

Policy Implications 

Urban forestry is an important natural climate solution for urban and developed areas because 

they can sequester and store carbon in an environment that is otherwise unable to provide 

negative emissions and can replace some of the natural sequestration and storage that was 

lost.70 Their numerous co-benefits and their ability to increase equity and improve social 

welfare through air and water quality improvements, cooling effects, aesthetic improvements, 

and more are also important reasons to increase urban canopy cover and urban tree 

distribution.79,82 However, as a natural climate solution, urban trees pale in comparison to 

natural systems, so the first best choice is always to protect and enhance natural systems, 

which are more efficient systems for generating negative emissions, rather than expand urban 

areas and create an urban forest.12,17,21,29,78 

Nevertheless, there are ways to increase urban tree carbon sequestration and storage potential 

and maximize their value to negative emissions. First, governments can choose tree species and 

adjust tree management practices to maximize carbon benefits. Ideally, species would be low-

water, long-lived, low-maintenance, and large trees that are well-suited for the local climate.75 

This simple step could increase the lifetime of the tree, increase the lifetime of carbon storage, 

and reduce lifetime, carbon-intensive inputs like water. Second, governments can plan or 

encourage private landowners to plan tree locations to maximize cooling effects on structures 

or surfaces.75 It is important to note that these locations need to be carefully balanced with 

providing defendable space for those areas which are prone to fires or otherwise have 

increased fire risks. Third, governments can empower and encourage local communities to 

collect data on trees in their areas to inexpensively improve overall urban tree data.70 These 

data can inform distribution, size, and species urban forest information that can aid decision 
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makers in crafting urban forestry policies that will increase carbon storage and sequestration 

while providing local co-benefits equitably. 

Policy recommendations: 

 Plant trees that maximize lifetime net negative emissions and net carbon storage. 

 Plan tree planting locations in public spaces to maximize co-benefits like shade and 

provide information and education to private landowners to assist in tree planting 

location choices on private land. 

 Actively (government led) and/or passively (community led) collect data on urban 

forests to improve policy and decision making. 

 

4.7 Regional Natural Climate Solutions Policy Recommendations and 

Conclusions 

As the County of San Diego and other governments in the San Diego region plan for 

decarbonization in order to meet net zero emission goals, natural climate solutions will be an 

important part of the decarbonization pathway. Natural climate solutions and natural and 

working lands contribute to decarbonization through sequestering atmospheric carbon 

annually and through storing atmospheric CO2 in plant tissues for the medium to long-term. 

However, natural and working lands can also contribute to regional emissions when they are 

lost due to development, natural disasters like wildfires, or climate change induced ecosystem 

changes like sea level rise. General policy recommendations for carbon sequestration and 

storage through natural climate solutions follow.  

 

Sequestration 

The simplest, cheapest, most effective regional policy to contribute to natural climate solutions 

is to prevent land use change and allow natural and working lands to continue to sequester 

carbon naturally. The San Diego region has a large quantity of conserved lands and has plans to 

conserve more lands,52 so continuing to protect conserved lands and expanding protections to 

additional lands will provide annual carbon sequestration and low to no cost negative emissions 

of more than 2 million tons of CO2e stored annually. Other natural climate solutions like 

reforestation, forest management, or other restoration techniques, are typically highly effective 

at removing CO2, but they are almost universally more expensive than merely protecting 

existing lands.21,22 The County, as well as other governments and agencies in the region like 

tribal governments and federal agencies, can contribute to regional net negative emissions 

through preventing land use change among their natural and working lands. In addition to 

continuing conservation and preservation efforts, governments can research or partner with 

research groups to better characterize the carbon seǉǳŜǎǘǊŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ƛƴ ǘƘŜ ǊŜƎƛƻƴΩǎ 
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natural and working lands. Doing so will allow for better carbon accounting and reduced 

uncertainties and will also help inform better management policies and practices to maximize 

natural climate solutions.  

Next, regional governments can research and incentivize carbon farming techniques like 

compost application, riparian restoration, and orchard tree retention. Additional research 

should investigate how rangeland tree planting, no-till agriculture, crop choice, manure 

management, and grazing/livestock feed management affect agricultural emissions. Carbon 

farming is widely considered to be the best way to transform the agricultural sector from a 

carbon source to a carbon sink and will likely be important for the San DiŜƎƻ ǊŜƎƛƻƴΩǎ 

decarbonization efforts.12,22,43,50 

Wetlands, marshes, and other blue carbon ecosystems contribute less to annual sequestration 

than tree and shrub-dominated ecosystems, but they nevertheless play an important role in 

total carbon sequestration. Protecting these systems from land use change and restoring them 

will contribute to continuing sequestration in the near-term. Restoration of surrounding 

habitats may allow blue carbon habitats to migrate as sea level rise inundates coastal areas, 

thereby allowing blue carbon systems to continue to sequester carbon in the medium and long-

term. 

Last, local governments should continue to increase urban tree canopy cover because these 

trees make urban and other settlement areas carbon sinks (Table 4.2). Additionally, 

governments can study tree species and location selections to maximize carbon sequestration 

rates, minimize inputs like water, and maximize co-benefits. The latter will be especially 

important as governments pursue environmental justice policies that aim to provide public 

goods to disadvantaged and low-income communities. 

There are additional natural climate solutions to increase sequestration rates that were not 

investigated here but which are important to consider and study. For example, while forest 

management is not widely applicable in the region, non-forest management of chaparral and 

scrub ecosystems may improve regional sequestration rates and should be investigated for 

effectiveness and cost. 

Storage 

As with carbon sequestration, the simplest and cheapest way to maintain the naturally stored 

carbon is to protect natural and working lands from land use change. By protecting existing 

carbon storage, the region can prevent large one-time emissions from land use change. Beyond 

protecting lands from deliberate land use change, governments can research carbon storage 

values in the region to characterize the magnitude of stored carbon. Such efforts would 
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elucidate the role of natural and working lands in helping the region understand long-term land 

use carbon accounting under different development strategies. 

Similarly, blue carbon ecosystems are particularly adept at storing large quantities of carbon 

and are therefore disproportionately vulnerable to large emissions if they are lost. Wetlands, 

marshes, and other coastal systems should be actively protected from land use change to 

settlements and should be restored and enhanced when possible in order to increase coastal 

carbon storage and to prepare for loss due to sea level rise. Researching blue carbon 

ecosystems would provide similar relevant information as researching other land uses in the 

region and would similarly inform emissions under different development and restoration 

strategies. 

Agricultural lands hold carbon primarily in trees, like orchard trees, and in soils. Some carbon 

farming techniques, like composting and riparian restoration, are likely to increase stored 

carbon in agricultural lands. These techniques, and other carbon farming techniques, will have 

variable effects by locality, and should thus be researched and characterized. Regardless of 

carbon farming, agricultural lands store more carbon than barren landscapes or settlements 

that do not have urban trees. As such, preventing land use change can also be an important 

measure in active, productive agricultural lands. 

Urban trees and vegetation lead to the only carbon storage that occurs in settlements and 

urban areas. These trees, shrubs, and other green spaces are not as efficient at storing carbon 

as the native ecosystems that were historically present, however, they still provide medium-

term carbon storage and should be protected and expanded. As urban trees die, they should be 

replaced with appropriate species to maximize total carbon storage as well as carbon storage 

longevity while also minimizing lifetime inputs, like water. 

Finally, some natural climate solutions that can protect or enhance carbon storage were not 

included here but are still important to consider. For instance, wildfire prevention via 

educational programs and infrastructure hardening will reduce wildfire emissions and will allow 

natural systems to regenerate after wildfires and recover the emitted carbon as plants 

regrow.34 

Uncertainty and future research 

¢Ƙƛǎ ǊŜǇƻǊǘΩǎ ŀƴŀƭȅǎŜǎ ƘŀǾŜ ǎƻƳŜ ƛƳǇƻǊǘŀƴt uncertainties. These primarily come from the fact 

that localized carbon storage and sequestration data are largely unavailable. This is problematic 

because local climate, prevailing fire regimes, ecosystem composition, and environmental 

stressors like drought have significant impacts on any given local natural climate solution 

effectiveness. Regional governments should utilize the most recent and localized data possible 
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ǿƘŜƴ ŜǎǘƛƳŀǘƛƴƎ ƴŀǘǳǊŀƭ ŎƭƛƳŀǘŜ ǎƻƭǳǘƛƻƴǎΩ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴΦ 5ŀǘŀ ƻƴ ƭocal 

chaparral and blue carbon storage and sequestration are forthcoming.xvi These data will be 

critical to understanding valuing regional land contributions to negative emissions and long-

term carbon storage. 

Additionally, regional governments should quantify the full breadth of co-benefits and 

ecosystem services provided by natural and working lands, carbon farming, blue carbon, and 

urban forestry. In particular, water savings, ground water recharging, air and water quality 

improvements, equity improvements, property damage reductions from storm surges and 

other natural phenomenon, biodiversity protection, climate and other refugia protection, and 

wildfire prevention should be considered, quantified, and maximized in addition to carbon 

sequestration and storage. 

 

 

  

                                                                 
xvi Personal communication with Zachary Plopper, Dr. Meagan Jennings, and Dr. Matthew Costa, 2021. 
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Appendix 4.A.1 ς Carbon stock and flow data and sources for section 4.2 ς Land 

Use. 

 

Values used to multiply polygon area by vegetation type are shown in Table 4.A.1. 
Table 4.A.1. Carbon stock and flux multipliers by Holland vegetation class type and the sources. 

LEGEND C stock (MT CO2eha-1) C flux (MT CO2e ha-1yr-1) Category  

11000 Non-Native Vegetation 191 0.012 Disturbed 

11200 Disturbed Wetland 2353 -1.074 Wetland 

11300 Disturbed Habitat 191 0.012 Disturbed 

12000 Urban/Developed 7.665 0.3885076,7 Settlement 

18000 General Agriculture 378 0.3838 Agriculture 

18100 Orchards and Vineyards 378 0.3838 Agriculture 

18200 Intensive Agriculture - Dairies, Nurseries, Chicken Ranches 378 0.3838 Agriculture 

18300 Extensive Agriculture - Field/Pasture, Row Crops 378 0.3838 Agriculture 

18310 Field/Pasture 378 0.3838 Agriculture 

18320 Row Crops 378 0.3838 Agriculture 

21230 Southern Foredunes 0.159 0 Desert 

22100 Active Desert Dunes 0.159 0 Desert 

22300 Stabilized and Partially-Stabilized Desert Sand Field 0.159 0 Desert 

24000 Stabilized Alkaline Dunes 0.159 0 Desert 

25000 Badlands/Mudhill Forbs 0.159 0 Desert 

31200 Southern Coastal Bluff Scrub 431 1.912 Scrub 

32000 Coastal Scrub 431 1.912 Scrub 

32400 Maritime Succulent Scrub 431 1.912 Scrub 

32500 Diegan Coastal Sage Scrub 431 1.912 Scrub 

32510 Diegan Coastal Sage Scrub: Coastal form 431 1.912 Scrub 

32520 Diegan Coastal Sage Scrub: Inland form 431 1.912 Scrub 

32700 Riversidian Sage Scrub 431 1.912 Scrub 

32710 Riversidian Upland Sage Scrub 431 1.912 Scrub 

32720 Alluvial Fan Scrub 431 1.912 Scrub 

33000 Sonoran Desert Scrub 431 1.912 Scrub 

33100 Sonoran Creosote Bush Scrub 431 1.912 Scrub 

33200 Sonoran Desert Mixed Scrub 431 1.912 Scrub 

33210 Sonoran Mixed Woody Scrub 431 1.912 Scrub 

33220 Sonoran Mixed Woody and Succulent Scrub 431 1.912 Scrub 

33230 Sonoran Wash Scrub 431 1.912 Scrub 

33300 Colorado Desert Wash Scrub 431 1.912 Scrub 

33600 Encelia Scrub 431 1.912 Scrub 

33700 Acacia Scrub 431 1.912 Scrub 

34000 Mojavean Desert Scrub 431 1.912 Scrub 

34300 Blackbush Scrub 431 1.912 Scrub 
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35000 Great Basin Scrub 431 1.912 Scrub 

35200 Sagebrush Scrub 431 1.912 Scrub 

35210 Big Sagebrush Scrub 431 1.912 Scrub 

36110 Desert Saltbush Scrub 431 1.912 Scrub 

36120 Desert Sink Scrub 431 1.912 Scrub 

37000 Chaparral 431 1.912 Scrub 

37120 Southern Mixed Chaparral 431 1.912 Scrub 

37121 Granitic Southern Mixed Chaparral 431 1.912 Scrub 

37122 Mafic Southern Mixed Chaparral 431 1.912 Scrub 

37130 Northern Mixed Chaparral 431 1.912 Scrub 

37131 Granitic Northern Mixed Chaparral 431 1.912 Scrub 

37132 Mafic Northern Mixed Chaparral 431 1.912 Scrub 

37200 Chamise Chaparral 431 1.912 Scrub 

37210 Granitic Chamise Chaparral 431 1.912 Scrub 

37220 Mafic Chamise Chaparral 431 1.912 Scrub 

37300 Red Shank Chaparral 431 1.912 Scrub 

37400 Semi-Desert Chaparral 431 1.912 Scrub 

37500 Montane Chaparral 431 1.912 Scrub 

37510 Mixed Montane Chaparral 431 1.912 Scrub 

37520 Montane Manzanita Chaparral 431 1.912 Scrub 

37530 Montane Ceanothus Chaparral 431 1.912 Scrub 

37540 Montane Scrub Oak Chaparral 431 1.912 Scrub 

37800 Upper Sonoran Ceanothus Chaparral 431 1.912 Scrub 

37830 Ceanothus crassifolius Chaparral 431 1.912 Scrub 

37900 Scrub Oak Chaparral 431 1.912 Scrub 

37A00 Interior Live Oak Chaparral 431 1.912 Scrub 

37C30 Southern Maritime Chaparral 431 1.912 Scrub 

37G00 Coastal Sage-Chaparral Transition 431 1.912 Scrub 

37K00 Montane Buckwheat Scrub 431 1.912 Scrub 

39000 Upper Sonoran Subshrub Scrub 431 1.912 Scrub 

42000 Valley and Foothill Grassland 191 0.012 Grassland 

42100 Native Grassland 191 0.012 Grassland 

42110 Valley Needlegrass Grassland 191 0.012 Grassland 

42120 Valley Sacaton Grassland 191 0.012 Grassland 

42200 Nonnative Grassland 191 0.012 Grassland 

42200 Non-Native Grassland 191 0.012 Grassland 

42210 Non-Native Grassland: Broadleaf-Dominated 191 0.012 Grassland 

42300 Wildflower Field 191 0.012 Grassland 

42400 Foothill/Mountain Perennial Grassland 191 0.012 Grassland 

42470 Transmontane Perennial Grassland 191 0.012 Grassland 

44000 Vernal Pool 1513,10 011,12 Wetland 

44320 San Diego Mesa Vernal Pool 1513,10 011,12 Wetland 
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44322 San Diego Mesa Claypan Vernal Pool 1513,10 011,12 Wetland 

45000 Meadows and Seeps 191 0.012 Grassland 

45100 Montane Meadow 191 0.012 Grassland 

45110 Wet Montane Meadow 191 0.012 Grassland 

45120 Dry Montane Meadows 191 0.012 Grassland 

45300 Alkali Meadows and Seeps 191 0.012 Grassland 

45320 Alkali Seep 191 0.012 Grassland 

45400 Freshwater Seep 191 0.012 Grassland 

46000 Alkali Playa Community 191 0.012 Grassland 

52120 Southern Coastal Salt Marsh 2353 2.1814 Wetland 

52300 Alkali Marsh 2353 2.1814 Wetland 

52310 Cismontane Alkali Marsh 2353 2.1814 Wetland 

52400 Freshwater Marsh 1513,10 1.410 Wetland 

52410 Coastal and Valley Freshwater Marsh 1513,10 1.410 Wetland 

52420 Transmontane Freshwater Marsh 1513,10 1.410 Wetland 

52440 Emergent Wetland 1513,10 1.410 Wetland 

60000 Riparian and Bottomland Habitat 10015 4.316 Riparian 

61000 Riparian Forests 10015 4.316 Riparian 

61300 Southern Riparian Forest 10015 4.316 Riparian 

61310 Southern Coast Live Oak Riparian Forest 10015 4.316 Riparian 

61320 Southern Arroyo Willow Riparian Forest 10015 4.316 Riparian 

61330 Southern Cottonwood-Willow Riparian Forest 10015 4.316 Riparian 

61510 White Alder Riparian Forest 10015 4.316 Riparian 

61810 Sonoran Cottonwood-Willow Riparian Forest 10015 4.316 Riparian 

61820 Mesquite Bosque 10015 4.316 Riparian 

62000 Riparian Woodlands 10015 4.316 Riparian 

62200 Desert Dry Wash Woodland 1352 3.672 Woodlands 

62300 Desert Fan Palm Oasis Woodland 1352 3.672 Woodlands 

62400 Southern Sycamore-Alder Riparian Woodland 1352 3.672 Woodlands 

62500 Southern Riparian Woodland 1352 3.672 Woodlands 

63000 Riparian Scrubs 1352 3.672 Woodlands 

63300 Southern Riparian Scrub 1352 3.672 Woodlands 

63310 Mule Fat Scrub 1352 3.672 Woodlands 

63320 Southern Willow Scrub 1352 3.672 Woodlands 

63321 Arundo donnax Dominant/Southern Willow Scrub 1352 3.672 Woodlands 

63400 Great Valley Scrub 1352 3.672 Woodlands 

63410 Great Valley Willow Scrub 1352 3.672 Woodlands 

63800 Colorado Riparian Scrub 1352 3.672 Woodlands 

63810 Tamarisk Scrub 1352 3.672 Woodlands 

63820 Arrowweed Scrub 1352 3.672 Woodlands 

64000 Unvegetated Habitat 0 0 Barren 

64100 Open Water 0 0 Water 
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64110 Marine 0 0 Water 

64111 Subtidal 0 0 Water 

64112 Intertidal 0 0 Water 

64121 Deep Bay 0 0 Water 

64122 Intermediate Bay 0 0 Water 

64123 Shallow Bay 0 0 Water 

64130 Estuarine 0 0 Water 

64131 Subtidal 0 0 Water 

64133 Brackishwater 0 0 Water 

64140 Freshwater 0 0 Water 

64200 Non-Vegetated Channel or Floodway 0 0 Water 

64300 Saltpan/Mudflats 2313 23 Wetland 

64400 Beach 0 0 Barren 

70000 Woodland 1352 3.672 Woodlands 

71000 Cismontane Woodland 1352 3.672 Woodlands 

71100 Oak Woodland 1352 3.672 Woodlands 

71120 Black Oak Woodland 1352 3.672 Woodlands 

71160 Coast Live Oak Woodland 1352 3.672 Woodlands 

71161 Open Coast Live Oak Woodland 1352 3.672 Woodlands 

71162 Dense Coast Live Oak Woodland 1352 3.672 Woodlands 

71180 Engelmann Oak Woodland 1352 3.672 Woodlands 

71181 Open Engelmann Oak Woodland 1352 3.672 Woodlands 

71182 Dense Engelmann Oak Woodland 1352 3.672 Woodlands 

72300 Peninsular Pinon and Juniper Woodlands 1352 3.672 Woodlands 

72310 Peninsular Pinon Woodland 1352 3.672 Woodlands 

72320 Peninsular Juniper Woodland and Scrub 1352 3.672 Woodlands 

75100 Elephant Tree Woodland 1352 3.672 Woodlands 

77000 Mixed Oak Woodland 1352 3.672 Woodlands 

78000 Undifferentiated Open Woodland 1352 3.672 Woodlands 

79000 Non-Native Woodland 1352 3.672 Woodlands 

79100 Eucalyptus Woodland 1352 3.672 Woodlands 

81100 Mixed Evergreen Forest 1552 8.872 Forests 

81300 Oak Forest 1552 8.872 Forests 

81310 Coast Live Oak Forest 1552 8.872 Forests 

81320 Canyon Live Oak Forest 1552 8.872 Forests 

81340 Black Oak Forest 1552 8.872 Forests 

83140 Torrey Pine Forest 1552 8.872 Forests 

83230 Southern Interior Cypress Forest 1552 8.872 Forests 

84000 Lower Montane Coniferous Forest 1552 8.872 Forests 

84100 Coast Range, Klamath and Peninsular Coniferous Forest 1552 8.872 Forests 

84140 Coulter Pine Forest 1552 8.872 Forests 

84150 Bigcone Spruce (Bigcone Douglas Fir)-Canyon Oak Forest 1552 8.872 Forests 
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84230 Sierran Mixed Coniferous Forest 1552 8.872 Forests 

84500 Mixed Oak/Coniferous/Bigcone/Coulter Forest 1552 8.872 Forests 

85100 Jeffrey Pine Forest 1552 8.872 Forests 
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Appendix 4.A.2. Blue carbon methodology details and carbon value sources for 
section 4.5. 

¢ƘŜ ά9/hψ±9D9¢!¢Lhbψ/bέ ƭŀȅŜǊ Ŏƻƴǘŀƛƴǎ ǇƻƭȅƎƻƴǎ ŦƻǊ ŀƭƭ ƭŀƴŘ ǳǎŜ types as well as water 
types. In order to only consider the impacts of sea level rise on blue carbon habitats, the 
vegetation layer was filtered to only contain those blue carbon polygons. 

Two rounds of filtering occurred. First, polygons were filtered by the broad vegetation 
ŎŀǘŜƎƻǊƛŜǎ όŎƻƭǳƳƴ ƴŀƳŜΥ ά/!¢9Dhw¸έύ ƻŦ Ψ.ƻƎ ŀƴŘ aŀǊǎƘϥ ŀƴŘ ϥwƛǇŀǊƛŀƴ ŀƴŘ .ƻǘǘƻƳƭŀƴŘ 
Habitat.' In order to additionally include degraded wetlands, which still hold carbon, the 
IƻƭƭŀƴŘ ŎƻŘŜ ŀƴŘ ƴŀƳŜ όŎƻƭǳƳƴ ƴŀƳŜΥ ά[9D9b5έύ ƻŦ ϥммнлл 5ƛsturbed Wetland.' 

Next, these broader categories were filtered to only remove the following Holland code 
polygons, because they were not considered blue carbon habitats in this analysis:  '64400 
.ŜŀŎƘΣΩ ϥспммн LƴǘŜǊǘƛŘŀƭΣϥ ϥспллл ¦ƴǾŜƎŜǘŀǘŜŘ IŀōƛǘŀǘΣϥ ϥспм10 Marine,' '64111 Subtidal,' 
'64121 Deep Bay,' '64122 Intermediate Bay,' '64123 Shallow Bay,' '64131 Subtidal,' '64140 
Freshwater,' and '64200 Non-Vegetated Channel or Floodway.' What remained were the blue 
carbon habitat polygons. 

¢ƘŜ ǊŜǎǳƭǘƛƴƎ ƭŀȅŜǊ ǿŀǎ ŎƭƛǇǇŜŘ ǳǎƛƴƎ bh!!Ωǎ м Ŧƻƻǘ {[w ƭŀȅŜǊ όŦƛȄŜŘ ŀƴŘ ǊŜǇǊƻƧŜŎǘŜŘ ǘƻ 
ESPG:6414) such that the resulting layer only showed those blue carbon habitats that would be 
inundated with seawater under a 1 foot SLR scenario. Area was calculated in QGIS and the final 
attribute table was exported as a CSV file for carbon emissions and lost sequestration potential 
calculations in Excel. Values used are shown in Table S4.2. 
 

Table 4.A.2. Carbon values and sources used to calculate lost carbon stock and sequestration rates. 

Blue Carbon Habitat Type  Stock (MT CO2e ha-1) Flow (MT CO2e ha-1yr-1) 

Freshwater marsh  151xvii 1.41 

Mudflats/Saltpans  2312 23 

Riparian scrub/estuary  1004 4.35 

Salt marsh/estuary  2352 2.186 
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xvii Assumes that freshwater marsh storage follows the same ratio to saltwater marsh storage (Ward et al., 2021) as 
freshwater marsh sequestration (from Bernal & Mitsch, 2012) does to saltwater marsh sequestration (Mcleod et 
al., 2011). 
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Key Takeaways 

¶ Reducing emissions from space heating and water heating should be a primary policy 
focus for buildings within the Regional Decarbonization Framework. 

¶ Policies should support increasing adoption of efficient heat pump-based space and 
water heating systems in both new and existing buildings, with particular focus on 
assistance for low-income residents and rental buildings 

¶ Some existing fossil fuel equipment systems will only turn over once by 2050. Near-term 
action is needed to guide building owners away from replacing end-of-life fossil fuel 
equipment with like 

¶ Low-carbon gaseous fuels can be used for hard-to-electrify end uses, though research 
and piloting is required 

¶ Stranded cost risk is mitigated by minimizing unnecessary extensions or replacements of 
the gas pipeline system and by accelerating depreciation of existing utility assets. 

¶ Improved data gathering is a low-cost, foundational action for future policy 
development 

 

San Diego County is the fifth most populous county in the United States1 and boasts a large and 

diverse building stock.2 The unique geography and varied climates within the San Diego region 

ƘŀǾŜ ƘŜƭǇŜŘ ŎǊŜŀǘŜ ŀƴ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ƳƻƴǘŀƎŜΣ ǿƛǘƘ ŘƛǎǘƛƴŎǘ ŀǘǘǊƛōǳǘŜǎ ŀŎǊƻǎǎ ǘƘŜ ŎƻǳƴǘȅΩǎ му 

municipalities and unincorporated areas.3,4 The local infrastructure is also shaped in part by the 

ŎƻǳƴǘȅΩǎ му bŀǘƛǾŜ !ƳŜǊƛŎŀƴ ǘǊƛōŀƭ ǊŜǎŜǊǾŀǘƛƻƴǎ5,6τthe most in any US countyτand 16 military 

bases.7 ²ƘƛƭŜ ƛǘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŎƻǳƴǘȅΩǎ ƎǊŜŀǘ ŀǎǎŜǘǎΣ ǘƘŜ ōǳƛƭŘƛƴƎ ǎǘƻŎƪ ƛǎ ŀƭǎƻ ŀ ƪŜȅ ŎƻƴǘǊƛōǳǘƻǊ ǘƻ 

emissions: on-site fossil fuel combustion was responsible for about 300,000 metric tons of 

carbon dioxide-ŜǉǳƛǾŀƭŜƴǘ ŜƳƛǎǎƛƻƴǎ ƛƴ нлмп ƻǊ ŀōƻǳǘ ф ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ŎƻǳƴǘȅΩǎ ǘƻǘŀƭ 

emissions.8 Decarbonizing existing and new buildings in the San Diego region will be a critical 

strategy within the Regional Decarbonization Framework. This chapter is focused on direct 

emissions from buildings, resulting from the combustion of fossil fuels, and what it would take 

to eliminate those emissions by 2045. Emissions from electricity generation are addressed in 

Chapter 2 of this report.  
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hǇǘƛƻƴǎ ŦƻǊ ŘŜŎŀǊōƻƴƛȊƛƴƎ {ŀƴ 5ƛŜƎƻΩǎ ōǳƛƭŘƛƴƎǎ ƛƴŎƭǳŘŜ ŜƭŜŎǘǊƛŦȅƛƴƎ ŜƴŘ ǳǎŜǎ ǘƘŀǘ ŀǊŜ 

responsible for direct emissions, primarily space and water heating, and using lower-carbon 

fuels such as biomethane and hydrogen. The relative costs of pathways taking different 

approaches are similar, within the range of uncertainty. However, electrification-based 

approaches are generally lower-risk because they do not depend on technological innovation or 

the deployment of novel technologies at previously unseen scales. 

All building decarbonization pathways cause a substantial change in the gas utility business, due 

to changes in the amount and sources of the gas sold. Electrification pathways, in particular, 

would require fundamental changes in the gas utility business model because traditional 

pipeline gas sales would be virtually eliminated by mid-century. We conclude this chapter with 

an analysis of some simple near-term steps that San Diego Gas & Electric, its regulators, and 

regional policymakers could take to mitigate risks associated with this transition and thereby 

make it easier to develop a long-term business transition plan. 

5.1 Buildings in San Diego County 

Residential Buildings 

There are an estimated 1.3 million residential units across 0.9 million properties in San Diego 

County. These residences comprise approximately 1.7 billion square feet and are growing at a 

rate of 0.9 percent per year. xviii The relative sizes of the residential building stock vary 

considerably by municipality, as depicted in Figure 5.1. The City of San Diego and the 

unincorporated areas of the county represent 57 percent of the total. The City and County 

therefore have a large opportunity to reduce emissions in this sector through targeted policies, 

such as building energy codes. 

                                                                 
xviii Synapse analysis of data provided by San Diego County Assessor's Office. 
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Figure 5.1. Residential building stock by municipality in San Diego County, 2021. Source: Synapse analysis of data 

provided by San Diego County Assessor's Office. 

 

Figure 5.2 provides a breakdown of the building stock by type of residence and over time for 

each jurisdiction. These distinctions may affect how quickly and at what cost a community will 

be able to decarbonize its buildings. Strategies for addressing emissions for single family homes 

will differ from strategies for multifamily apartments due to differing ownership/occupancy 

paradigms and types of end-use energy equipment in the residences. Additionally, for 

communities with the fastest relative growth ratesτwhich have recently been Imperial Beach, 

National City, Chula Vista, San Marcos, and Santeeτmore stringent building energy codes can 

play an important role locally. 
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Figure 5.2. Residential building stock by municipality in San Diego County, 2017ς2021. Source: Synapse analysis of 

data provided by San Diego County Assessor's Office. 

Figure 5.3 provides a breakdown of the average pipeline gas usage for each major gas end use 

by residential customers under three investor-owned utilities, based on the latest Residential 

Appliance Saturation Study.9xix As shown in this figure, the average gas usage for water heating 

is 200 therms and accounts for the largest share (about 59 percent) of the total usage for the 

ƳŀƧƻǊ ŜƴŘ ǳǎŜǎ ƛƴ {ŀƴ 5ƛŜƎƻ Dŀǎ ϧ 9ƭŜŎǘǊƛŎΩǎ ό{5Dϧ9Ωǎύ ƧǳǊƛǎŘƛŎǘƛƻƴΦ ¢Ƙƛǎ ǎƘŀǊŜ ƛǎ ƳǳŎƘ ƭŀǊƎŜǊ 

than the water heating usage share for PG&E, but very close to the usage share for SoCalGas. 

On the other hand, the average residential gas usage for space heating in the SDG&E area 

accounts for about 29 percent. These gas end use profiles show that SDG&E residential 

customers have the greatest opportunity for GHG savings in water heating. Lastly, a 

jurisdictional comparison of the total gas usage data in this figure shows that households in San 

Diego County are in more favorable positions to pursue building decarbonization because 1) 

                                                                 
xix Note that while this figure excludes minor end uses with low customer saturations such as spa and pool heat, 

secondary heating, and gas backup for solar water heaters, the average natural gas consumption among all gas 
customers is lower than the estimates shown in this figure because some customers do not use gas for all major 
end uses.  
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their overall gas usage is lower and 2) it is easier for customers to reduce GHGs associated with 

water heating than space heating.  

 

 
Figure 5.3. Average natural gas usage by end use and by utility for households who use gas as the primary fuel for 

major end uses. Source: DNV GL Energy Insights. 2021. 2019 California Residential Appliance Saturation Study 

(RASS). 

Figure 5.4 presents residential fuel-use breakdowns for space and water heating end uses in 

terms of the number of utility accounts in San Diego County. Data for this analysis was based on 

the 2019 RASS study. As shown in Figure 5.4, natural gas is the dominant fuel for both space 

and water heating, while its share for water heating (about 83 percent) is more dominant than 

for space heating (about 69 percent). Approximately 28 percent of total households use electric 

space heating, while electric water heating is used less than half as much: about 12 percent. 
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Figure 5.4. Residential space and water heating by fuel type (% of customer accounts). 

Source: DNV GL Energy Insights. 2021. 2019 California Residential Appliance Saturation Study (RASS). 

 

Figure 5.5 shows the breakdown of residential space heating equipment in terms of the number 

ƻŦ ǳǘƛƭƛǘȅ ŀŎŎƻǳƴǘǎ ƛƴ {5Dϧ9Ωǎ ǎŜǊǾƛŎŜ ŀǊŜŀ όǿƘƛŎƘ Ƙŀǎ ŀ ƴŜŀǊƭȅ ǇŜǊŦŜŎǘ ƻǾŜǊƭŀǇ ǿƛǘƘ {ŀƴ 5ƛŜƎƻ 

County). Electric heat pumps account for about 6.3 percent of all residential systems. Central 

gas furnaces with ducts account for about 56 percent of the total systems. Three other heating 

systems that use ducts are central electric and LPG furnaces, and ducted air-source heat pumps 

(ASHPs). Together, the systems relying on ducts account for about 70 percent of the total 

residential space heaters. Excluding ducted ASHPs, such systems account for 66 percent of the 

total. These represent the prime candidates for fuel switching to ducted ASHP technologies. 

The rest of the space heaters, including electric unit heater (13 percent) and other fossil heaters 

(about 13.6 percent), can be converted to heat pumps through the use of ductless minisplit 

heat pumps.  
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Figure 5.5. Residential space heating system share by equipment type. Source: DNV GL Energy Insights. 2021. 2019 

California Residential Appliance Saturation Study (RASS). 

 

Commercial Buildings 

 

The commercial sector includes 158,000 building units across 36,000 properties in the county. 

Together, these properties represent an estimated 554 million square feet and are growing at a 

rate of 0.9 percent per year.xx Figure 5.6 highlights the relative sizes of the commercial building 

stock in each area within the county. The City of San Diego, the unincorporated areas of the 

county, Chula Vista, Carlsbad, Escondido, and Oceanside have the largest total floor areas. 

Given the sizable stock of commercial buildings in the City of San Diego, its policies can have an 

ƻǳǘǎƛȊŜŘ ŜŦŦŜŎǘ ƻƴ ǊŜŘǳŎƛƴƎ ŜƳƛǎǎƛƻƴǎΦ ¢ƘŜ /ƛǘȅΩǎ .ǳƛƭŘƛƴƎ 9ƴŜǊƎȅ .ŜƴŎƘƳŀǊƪƛƴƎ hǊŘƛƴŀƴŎŜ ƛǎ ŀƴ 

important step toward managing energy use and emissions in large buildings.10 The ordinance 

lays the foundation for future innovative policies such as building performance standards, 

which establish mandatory energy or emissions targets that improve over time.xxi 

                                                                 
xx Synapse analysis of data provided by San Diego County Assessor's Office. 
xxi The following resources provide additional information on building performance standards: 

American Cities Climate Challenge. 2021. Building Performance Standards: A framework for Equitable Policies to 
Address Existing Buildings. Available at: https://www.usdn.org/uploads/cms/documents/bps-framework_july-
2021_final.pdf.  

American Council for Energy-Efficient Economy. 2020. Mandatory Building Performance Standards: A Key Policy 
for Achieving Climate Goals. Available at: https://www.aceee.org/white-paper/2020/06/mandatory-building-
performance-standards-key-policy-achieving-climate-goals.  

Carbon Neutral Cities Alliance. 2020. Existing Building Performance Standards Targets and Metrics Final Report. 
Available at: http://carbonneutralcities.org/wp-content/uploads/2020/03/CNCA-Existing-Building-Perf-
Standards-Targets-and-Metrics-Memo-Final-March2020.pdf 

https://www.usdn.org/uploads/cms/documents/bps-framework_july-2021_final.pdf
https://www.usdn.org/uploads/cms/documents/bps-framework_july-2021_final.pdf
https://www.aceee.org/white-paper/2020/06/mandatory-building-performance-standards-key-policy-achieving-climate-goals
https://www.aceee.org/white-paper/2020/06/mandatory-building-performance-standards-key-policy-achieving-climate-goals
http://carbonneutralcities.org/wp-content/uploads/2020/03/CNCA-Existing-Building-Perf-Standards-Targets-and-Metrics-Memo-Final-March2020.pdf
http://carbonneutralcities.org/wp-content/uploads/2020/03/CNCA-Existing-Building-Perf-Standards-Targets-and-Metrics-Memo-Final-March2020.pdf
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Figure 5.6. Commercial building stock by municipality in San Diego County, 2021. Source: Synapse analysis of data 

provided by San Diego County Assessor's Office. 

 

The prominence of each commercial building type and the growth rate of the commercial 

building stock varies by location and over time, as shown in Figure 5.7. As with residential 

ōǳƛƭŘƛƴƎǎΣ ǘƘŜǎŜ ŘƛǎǘƛƴŎǘƛƻƴǎ ǿƛƭƭ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ƧǳǊƛǎŘƛŎǘƛƻƴǎΩ ǇŀǘƘǿŀȅǎ ǘƻ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴΦ {ƻƳŜ 

building types (e.g., hospitals and restaurants) are more difficult to retrofit with equipment that 

reduces carbon emissions, particularly from onsite combustion of fossil fuels. Carlsbad, Imperial 

Beach, and San Marcos are experiencing higher rates of growth. 
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Figure 5.7. Commercial building stock by municipality in San Diego County, 2017ς2021. Source: Synapse analysis of 

data provided by San Diego County Assessor's Office 

 

Fossil fuel combustion is the main source of GHG emissions for buildings. Fuel is consumed 

onsite to provide services such as space heating, water heating, and cooking. Additionally, 

electricity, district heating, and district cooling are generated offsite using fossil-based fuels, 

and the associated emissions are attributable to buildings that use these utilities. To identify 

strategies for reducing these emissions in San Diego County, it is important to first understand 

the fuel use in local buildingsτboth how much of each fuel is used and what it is used for. 

Using data from SDG&E, the City of San Diego,11 ǘƘŜ {ŀƴ 5ƛŜƎƻ /ƻǳƴǘȅ !ǎǎŜǎǎƻǊΩǎ hŦŦƛŎŜΣ ǘƘŜ 

U.S. Energy Information Administration,12 and prior energy studies,13,14 Synapse estimated the 

fuel, energy, and emission profiles for buildings in the San Diego region. Figure 5.8 presents the 

results for each building type and across the total commercial building stock.  
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Figure 5.8. San Diego County energy end-use profiles by building type. Source: Synapse model 

 

Space heating and water heating are the two end uses responsible for the most greenhouse 

gases in San Diego County. This is in part because they require large amounts of energyτ

together over a quarter of all energy used in commercial buildings in the countyτand in part 

because they rely heavily on fossil fuels, specifically natural gas. Figure 5.9 provides a 

breakdown of the primary fuel used for space and water heating in commercial buildings. 

Additionally, end uses that rely on electricity will have fewer emissions over time as the electric 

grid incorporates more renewable generation. These facts together suggest that reducing 

emissions from space heating and water heating should be a primary policy focus within the 

Regional Decarbonization Framework. The existing types of equipment within a building plays 

an important role in determining what strategies will be most effective when decarbonizing a 

building. A breakdown of existing equipment types for space and water heating is provided in 

Figure 5.10 for commercial buildings in San Diego County. 
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Figure 5.9. San Diego County primary fuel by building type: space heating and water heating. Source: Synapse 

model. 

 

 
Figure 5.10. San Diego County natural gas equipment system by building type: space heating and water heating. 

Source: Synapse model. 

 

  






























































































































































































































































