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Introduction

Recognizing the need for a regional approach to addressing climate change, on Jafiyary 27
2021, the San Diego County Board of Supervisors voted to create a R&poadbonization
Framework. This framework is intended to inform poliegking 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 plannintpgf by local governments, as well as
regional planning in energy, transportation and laumsk.

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 Califor@&n 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 system$he analysis employs energy systems modeling to guide
sectorspecific analyses in the geospatial aspects of electricity infrastructure, potential for

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

challenges inhe 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

G2 Llzi Iff GKS NBIA2YyQa 2dz2NAaRAOCGA2ya 2y | LI

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 sbesext
pathways towards deep decarbonization that can be implemented in a feasitlexgeditious
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 conti@ 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
systemwide path to decarbonization at regional, state, and national scales.

Sedoral analyses in this report are informed by the results of energy system modeling at
a state and national level that outline pathways to 1zero emissions, described in

more technical detail in Appendix A.

Technical pathway studies are valuableXoRSy G A F@Ay 3 RSIFRmSYR &Nt

key decision points; identifying commonalities in pathways under sensitivity analyses;

YR aAbGdzZ GAYy3 ySIENIGSNY LRtAOe (I NBSGa oAl

Uncertainty necessitates an ongoing planning procesth periodic updating as new
information becomes available and as progress, or lack thereof, toward goals is
achieved.

1.1 Introduction

¢CKS tIFNAR& ! ANBSYSyd OlFffa F2N) aK2ftRAy3 GKS Ay

below 2°C above prindustrial levels and pursuing efforts to limit the temperature increase to

m ® p ‘cFblleméng the scientific evidence and consensus around climate change, countries and
local jurisdictions arounthe world have begun adopting the goal of reaching carbon neutrality,
2N 4 B8R v¢ 9 E S G518 direct ChlitdiRidtdldeach such a target by 2045.

This Regional Decarbonization Framework (RDF) presents a soasezkapproach to help
goverments 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 st&ts,lave used to
identify five technically and economically feasible pathways for achieving net zero emissions.
Second, these results are used to guide detailed sdetl analyses for the San Diego region
to best follow these pathways. The rationale tbis 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 systemwide path todecarbonization at regional, state, and national scales.

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

5
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a single sector at a time, often in great detail, but do not explicitly consider interactions

between seabrs. 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 consequencesy(,multiple sectors decarboning 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-@ereemissions

identified by state and nationdével models of the wholenergy system. This syste#evel

pathways analysis was performed by Evolved Energy Research using models EnergyPATHWAYS
and RIO, and is based on the methodology and data in an earlier, naeweapathways

analysis by Williams et al. (202Wyhich 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 ggn€utlook 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 anaif the nationatlevel in Williams et al. (202%)mportantly, in

instances where the particular circumstances in the region differed from those at a state or
national level, the San Diego sdecinsights were retained. Thus, the blueprints (or

GLI GKgldaegov FT2NJ GKS fFNESNI 3S23aNILKAO FNBla ¢

Guided by the energy system decarbonization pathways for California as a whole, pathways
analysis within each sectar 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 netero emissions trajectory for California. Sed&rel 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 aemetemissions
independently; rather, each sector is expected to work in conjonctvith other sectors and
California regions as an interconnected system to reach decarbonization goals.

Ly fAYS 6AGK [/t AT2NYALF QAawidenelgysysed gnalgsis,lthg R ¢ A (
RDF is guided by a systemde technical pathway thatchieves decarbonization by 204&he

systemwide 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 sleable 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 thigport detail how the electricity, transportation, land use, and
buildings sectors contribute to technical pathways for arriving atzegb emissions. The RDF
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focuses on these sectors because they are major contributors of greenhouse gases, and each
contan policy levers relevant to county and city government.

¢CKA& NBLR2NI R2Sa y2d aSd 2dzi G2 ARSYyGATE 6KAO
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 variouscipalities 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 acroasigdictions to align longerm 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 proposea 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 Déggon to
RSOIFINDb2YyAT S O2yaraidsSyid gArAidK GKS adlrasSqQa 321t a
local level for the region to achieve these changes?

It is taken as a given based on past modeling exercises that reachiagmoen California by

2045 is both possible and can be done so at manageable égndeed, 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 reaetirggo 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 jurigihhns are not a focus in the study.

1.3 The Rolef Pathwaysin Planning

The discussion of the role of pathways in planning below draws heavily from a recent report
from the Commonwealth of MassachusettRather 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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¢tKS w5C dzaSa (GKS GSNXY aL) GKgleéeé (2 YSIYy | o6f dz
future GHG reduction targets. Therm can refer to both a specific strategy and to a set of
RATFSNBY G L2aaArofsS o0fdzSLINARYyGA ola Ay>S aYdz AL
GLI GKgl &8¢ ol a FANRG dzaSR o6& (GKS 5SSL¥asdSOF Nb 2y
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 constraits, they should not be mistaken for the impacts of a specific policy or

market intervention.

¢tKS aiGdzRe 2F t2y3aAniGSNY RSOIND2yATFGAZ2Y LI GKgl
using them in California. Modeling decarbonization pathways dependieability 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 irpuill 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 topicewered, and the time horizon analyzed, it is still a unique
FOGAGAGE G6AGKAY &ad0FGSnt SOSt Lzt AO LIt AO& LINE

The most critical clarification is that pathways are not forecasts of what will happen. While the
energy systenphysics and emissions accounting that underpin our models areastalblished,
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 théingedec

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 informabesomes 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:

LRSYGATFE@AYI YR t26SNAYy3I GKS NARal 2F RSIRm
Identifying key decision points;

Identifying commonalities in pathways under sensitivity analyses;

{AlQdzr GAYy3 ySIENRGSNY LRfAOe GINBSGA gA0GK NB

Infrastructure that produces, delivers, and consumes energy is capital intensiveaarony
lifetimes. This is illustrated in Figurel,lwhich shows the number of replacement cycles for
O2YY2Yy AYTFTNI &0NUzOG dzNB (i & LISfa paih@aysaddyyis lobled | YR Y
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only 10 to 15 years ahead, as is typical in electric utility integrated resource plans, and decisions
GSNBE YIRS (GKIFG g2dd R STFAOASYyGfte& NBRdAzOS SyYAiaa
AyO2yaradasSyid ¢A0K f2y3andSNY 3I2nererigions &Sy (K2aS$S
AYONBI asS Oz2ata ySoSaaAauliAy3a SINI & NBIANBYSyd
given decarbonization strategy against this backdrop of infrastructure lifetimes in order to

dzy RSNR Ul YR ¢ KS{OKSNJ Iy nSodrteied dna given fRth. IKowisgyhe ¢ A f f
timing of key decision points can also help to avoid stranded assets.

I I I I I I I
Appliances
AC & Furnace
Vehicles
Commercial boilers
Power plant
Pipelines

2020 2030 2040 2050

Figure 11. 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 netero target.The black vertical lines delineate points of natugtirement,

and the number of segments correspond to the number of replacement cycles between now and 2050. The
lifetime of vehicles by location and dutycle. The lifetime of power plants and pipeling$onger 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 developsafge

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 assumtidrine 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 inistreport, a set of strategies can be identified over the

YSEG mn &SIFNB GKFG FNB O2YYzy (2 Iff Y2RSt SR
target.

CAylLtftes LIGKglea adGddzRASa Oly 0SS @lfdzoftS Ay
ceni dzZNB y Sidni SN SySNEHeEe aeadSy (2 GKS LINBaSyda |
O0SYOKYFN)] @FftdzSa 62Fd3Sy NYy3aSao GKFEG INB O2ya
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32 fad bSEFNIGSNY (FNBSGa |y Redigforke detail iNtBeO2 YYSY R
OK I LJG S Ky drdlidy Cé&derations for the San Diego Région.

1.4 Notes on reading this report
Readerof this draft report should be aware of the following:

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

f Throughout the report, welza S i K S 5iASS\EY2 aMFErS@feRriyicitothe
3823aANI LIKAO SEGSYdH 2F GKS O2dzyiész IyR a{ly
government

1 Readers interested in higlevel findings and recommendations for an institutional
FNIYSG2N] G2 LINBY2GS RSOFNB2YyAT FGA2Y | NB S
t 2t A0& [/ 2y aARSNI A2y doiffoenNtheiintifitonal IstylctuseA S 32 wS
and pracesses, Chapterpftovidesan 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
seeral takeaways that are used to infornpeoposedinstitutional structure to support
decarbonization implementation among thange ofpolicy actors in the San Diego
region

10
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2. Geospatial Analysis of Renewable Energy Production

Emily Leslie (Montara Mountain Energy)
Joseph Bettles (UC San Diego)

Key Takeaways

1 This chater identifies lowimpact, highquality areas for wind and solar development in
San Diego and neighboritigperial County

1 The region has sufficient available land area for wind and solar generation to approach a
fully decarbonized energy system in |wéh the Californiawide system model in
Appendix A.

1 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 ad@bhnal resources, including excess intermittent and flexible
generation, storage, and demasside management.

1 The chapter informs decisiemaking by providing a series of sgelection scenarios
that prioritize land value, ease of development, and envinemtal impact as well as
proposing a strategy for addressing reliability.

1 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.

1 The ©@unty 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. $agisions on where

to site wind and solar photovoltaic (hereafter solar) facilities can have significant impacts on the
environment and require development of new and upgraded transmission infrastructime.

this chapter of the Regional Decarbonizatieramework (RDF), we use the modeled electricity
demand from the Central Case of the Evolved Energy Research (EERantbidkntify low

impact, highquality areas for wind and solar development in San Diego County, and compare
the resource potential tathe modeled 2050 demand forecast for a fully decarbonized economy,

" For more information on the macro energy modeling, see Appendix A.

12
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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 ad 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 addiftjmoritizing urban

infill and rooftop solar. We discuss the potentiatlmenefits of rooftop and urban infill ground
mounted solar, including equity benefits such as local economy job creation and pallution
reduction. Finally, we present leasbst actons in the neaterm 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 environmentahviables including cost of energy, environmental impacts, and
resource availability.

2.2 Data

RETI Candidate Project Areas

To identify the resource potential of utiliycale solar and wind energy generation in San Diego
and Imperial Counties, this analg considers candidate project areas (CPAs)d areas where
renewable development is possibléentified in the 2009 Renewable Energy Transmission
Initiative (RETBThe RETI CPAs were selected through a collaborative process between
California Puli¢ Utilities Commission, the California Energy Commission, the California
Independent System Operator along with local utilities and-an28nber Stakeholder Steering
Committee. The goal of the RETI process was to achieve consensus on transmission
developmaent for renewable energy sufficient to meet state energy targets. CPAs were
identified following a series of environmental and ®BEsed exclusions (Figure 2.1). For a full

list of excluded lands, see Appendix 2.A (Tables 2.2.A.3). Despite being datethis 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 o8tadies. For example, the renewable energy
potential estimates for the Western U.S. from Wu et al Z026re considered but not used,
because that study applied more extensive teckammnomic and environmental screens,
reducing the area and providing vdmnited options in terms of remaining developable land in
San Diego County.

In addition to utilityscale CPAs in narrban settings, this analysis considers CPAs within

dzNB F YAT SR I NBIF&X 2NJ aAYyFAff dé¢ ¢ KA apulated RSTAYSR
areas where small grouathounted 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

13
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Power of Place (PoP) stutifinally, this report considers the potential capacity and costs for
rooftop solar in San Diego using methodology created by Anders and Bialek.

Pre-Identified
Projects

Renewable
Resources

A\

Additional

SIS- "Candidate Drojec Candidate
E’E?hil‘::i . Land" > ProjectID Project Arcas

Environmental

Y -
Exclusions

¥

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

2.3 Methods

RDF CandidaterBject 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 CP/AaimDiego Coungnd 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.

Forthe spatial analysis of losmpact, highquality areas for renewable electricity development,
this analysis uses opesourced QGIS software to constrain and analyze CPAs within San Diego
and Imperial Counties. This section begins with the RETI CPAsDire§arCounty and excludes
Conserved Lands identified by SANPAGcking 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 kilomger) 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 crated 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 kon solar and 36 kffor wind is overlaid on the

sites. Using power density assumption of 30 MW per km2 (MW/km?2) for sated 2.7 MW/km?2

for wind 2 CPAs that produce roughly 100 MW are created, a typical capacity for project
modeling®*! Finally, as solar provides higher power density pet, Kor allareas of overlap,

solar is prioritized over wind and utilitgcale over infill polygons.

14
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The total annual electricity generation for each CPA polygon is identified using the formula
below.

0¢000: 784 ®OON OWAHGY K 0’ 6 I'AHOQGI G & SBRE Q1 GO QE &

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 locasipecific capacity factor, or
percentage of time when the site is expected to produce electricity. For tsititye solar, the
capacity factor is assumed to be equal to the fitd#tdsolar value in the urban areas, and the
tracking value in nomrban areas, where there is more likely to be larger developments on

open land suitable for lesdense tracking technology. To identify urban areas, the 2019 US
Census Urban areas was uséd.

Thisanalysis 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 modéIThe forecasted demand for Southern California is downscal&htoDiego 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 geatérn capacity needed. Data
FNRY (0 KS860 Fotmvere ased 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 beeded to achieve a 100% renewable target.

Shown in Table 2.1, the total potential utikisgale 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 tihelative capacities of solar and wind with and without infill
compared to the estimated demand. Utiliscale solar resource potential in San Diego County
accounts for 98.6% of renewable resources.

i See Appendix A Central Caseformai@ G Af a® a2RSt LI NI YSGSNE IINB @At of
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 ResourBetential GWh 55,514 67,062
Estimated 2050 Electricity Demand GWh 49,979 49,979
Electricity Resource Balance (assuming n
curtailment) GWh 5,535 17,083
80,000
70,000
60,000
. 50,000
% 40,000
30,000
20,000
10.000

Utility-Scale Only With Infill Estimated Demand
Solar EWind

Figure 2.2.San Diego County Renewable Resource Potential. Notes: The total resource potential within San Diego
County for utilityscale and utilityscale with infill is shown relative to the estimated 2050 electricity demand (grey)
based on the downscaled Central9@ scenario of the EER model for 2050 detailed in Appendix A. The bars show
that the resource potential exceeds demand in both cases of usitibfe only and utilitgcale with infill. Both the
demand and resource potential account for existing resourvagisin San Diego County.

To arrive at an estimate of the wholesale cost of electricity for utddgle CPAs, the levelized
cost of energy (LCOE), or the adjusted cost of electricity production per MWh, is calculated.
Calculations begin by adding thdaoand 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 utilityscale solar (1,599 $/kW) and wind (1,556 $/kW) from NREhe
interconnection cost is basesh the distance to the nearest substation and a transmission cost
assumption of 2,948 $/MWhile from the NREL ReDS motidh these calculations, a

substation dataset from DHSs used and the Euclidean distance to the nearest substation is
calculated b approximate the interconnection distance. The estimation of annual payments is
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based on a capital recovery factor of 7.36%he LCOE is then calculated using the formula
below to find the ratio of payments to generation, or the wholesale cost per M\dleatricity.

(f)d)r‘]"Qc‘i'Q)?!éb'Q‘l Oé é%uﬁ“lmmo”“"ﬁlﬁa@m‘ B0E U D EL e,
T e 0 QUL QaRUECd e Qi "Qw
wWe € 00X QI wo Q¢ ¢

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

To calculate the LCOE, this analysis uses the average of large and smedlidential capital

024l 2F HPdT bPk2 F2NJ az2tlF NI Ayadrttrarzy FTNRY
cost!® There is no interconnectiorost, 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.

QON RO QOXBRE OADIOD €1, .\ v e ,
ST =T VAT 0 QL QUWRMETEDE Qi "Qw
WE & OWEE TDERED ‘

The range of LCOE across both infill and usltgle 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 bided 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, increasetkerregional 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 ta@aomplement 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 a used from the EER Central Case estimated demand forecast for San Diego
starting in 2030! A site selection algorithm modeled after Wu ettéd.implemented. The

algorithm is run on two scenarios:

Site Selection Scenaria $an Dieg®nly éolar and wird resources within San Diego County)
Site Selection Scenaria San Diego and Imperial County Scenadtaf, wind, and geothermal resources
within San Diego and Imperial Counties, with transfer of power between the two assumed)

i See Appendix A for model details agidctricity forecasts.
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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 shownuneBig.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 dataSé&tETke

calculated based on capacity for each area polygon, capital costs, interconnection costs, and a capital recovery
factor. Existing transmission lines are also pictured in Figure®.2.3

Unlike wind and solar CPAs, geothermal resource potest@nfined to select sites with

known resources. Therefore, for the San Diego and Imperial Scenario, the E3 and CPUC
statewide Integrated Resource PlarZ®05-003) estimated supply of geothermal in

neighboring Imperial County is used (no geothermal sitege been identified in San Diego
County)!® 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 asdpply the remaining capacity to San Diego after

Al 0AaFeAyad LYLISNRIE [/ 2dzyieQa St SOOGNROAGE RSY!I
San Diego is downscaled by multiplying the proportion of residents in the County of San Diego
to the overall p@ulation 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 subtractedtfiea all
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 higipecuniary value land, 3) maximize carbewsestration 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 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 @btenti
areas in the West are used (Unconstrained SL 4) from the Wu stuady of lowimpact

renewable energy siting. The study incorporated higbolution ecological and agricultural

datasets to identify sites with low impact on the environment. In themseio 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 Datarastgerfrom

the US Department of Agriculture is us€d.o analyze the raster with the CPA sites, the zonal
statistics tool is run on a 0.10 Kmgrid to identify the modal land use within each cell. To

restrict the CPAs to land with low pecuniary valles tlata is filtered to include only
GCHff286kLRES / NRLXIYRéS aDNIaaflyRktladdaNBé X
Urban infill is excluded in this scenario because of the higher relative value of land in the urban
environment.

CPA Scenari&r 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! DQationD&a& i$ also used, which classifies the vegetation types in the Céunty.
The data is filtered to vegetation with high £&8equestration potential (see Appendix 2.C for a
full list). These lands are excluded from the renewable resource poteatfald 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
fA1Ste G2 FFLOS FSHSNIfSIAILE FYyR a20AFf o0 NNA SN
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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 infilrsan particular in
communities where the economic development, geopalying local jobs, and potential air

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

TheClimate Equity Index (CEI) was created for titye & San Diego in 2019 and updated in

2020 through a stakeholdgrocess to address environmental justice and social eddithe

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

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

5Aal RGFyGlr3ISR /2YYdzyAGe RSaAadyrdAz2ys GKS 02YY
primarily in the southern areas of San Diego including Barrio Logan, Lincoln Park,

Mountainview, and theTijuana River Valley.

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 coudigsgnated Communities of Concern are
spatially distributed throughout the coun?.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
Ysido, 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 pollutiod® Under California state law (SB 535 and ABQ), DACs are

specifically targeted for investment of proceeds from the State'saraptrade program.

Known as California Climate Investments (EGhese funds are aimed at improving public

health, quality of life, and economic opportunity in Califi@fa 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-80% reduction in infrastructe development on previously
undisturbed land (greenfield development). It could also have multiplbertefits, including
progress toward countjevel and highef S@St SljdzAde 3I2F+fasx 22

0 ONXBI |
GOt SIFyiSOKé¢ &S00 2 Nipayiagiwades,r&iaddNFHS edgissions ahd 6 S f

VMIly 5A832Q&a 220a& Ay (KS&aS AyRdzZAGNE 3INRdzZLJA INBG mT bz 7
https://www.sandiego.gov/sustainability/soci@quity-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 benef of such a scenario would be valuable; however, adequate
information exists$®to support early action to pursue growth in rooftop solar, especially in
communities overly burdened with pollution and having low access to opportunities.

0 75 15 mi A
L ERTSA) SEE

El Cajon
San Diego

National City
Chula Vista
2

- Created by: Joseph Bettles
San Ysidro October 8, 2021
Source: California OEHHA

Figure 2.6.Disadvantaged Communities in San Diego County.

Infill and Rooftop Solar Scenario Capacity and Costs

In a 2003 analysis by Anders and Bidlile GIS analysis of naesidential rooftops in the City

of San Diego identified approximately 143,489,645 sqteee (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 thesan 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 Bgo.D

This resulted in a total estimated countyide capacity of approximately 1,726 MW AC.

A more recent solar siting survey by Clean Coalition identified the 201-8asmtential solar
rooftop potential in the City of San Diego at 499 MW. The CleahtiGonanalysis 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. Howdne 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-county ratio remains 44% (769 MW in the City,
compared to 1726 MW countyide, as characterized by Anders and Bialek, 20@3en the
countywide nonresidential rooftop potential would be 1,134 MW, based on extrapolation of
the 499 MW city valué? At an assumed 28% capacity factbthis corresponds to 2,781 GWh
annual geneation countywide. This is 5.5% of estimated 2050 electricity demand. At an
average LCOE of $92/MWh, these fresidential solar systems are estimated to be on the high
end of candidate project costs (see Figure 2.3 for comparison).

This value is basazh 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-# times by 2100, thereby increasing the iaigated rooftop solar

potential 3

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 griccapability to accommodate these resources.

Leastcost Nearterm Scenario

To identify a leastost scenario for neaerm action, this analysis looks for CPAs within San
Diego County which are the lowest cost in both the San Dosdypand San Diego and perial
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 ateastsenario.

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
Diegoonly Scenario (Figure 2.7) the 2030 sites are selected based on LCOE clusters largely
aroundJacumba Hot Springs in the Southeast and Borrego Springs in the Northeast parts of
unincorporated San Diego. In the 2040 and 2050 isteps, CPAs closer to urban areas are
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selected. Few urban infill CPAs are selected in the San Diego scenario as tiere@deely

higher due to lower capacity factors, in part from the restriction of fikéidnstallations. The

San Dieg@nly scenario also requires higher overall electricity generation from renewable
resources due to the lack of geothermal resourcesf 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 andymped hydro could be deployed to meet this need.

In the San Diego and Imperial Scenario (Figure 2.8) geothermal and solar resources from
LYLISNRFET /2dzydeé IINB FIFOU2NBR Ayid2 (GKS NBaz2dzND
demand. While the are 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 Sardiggo
Scenario are not selected as the costs are higher than resources from Imperial County.
Geothermaresources (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
diversty 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 €an 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 realime demand alone. In a study of the ability of khighewable (80%+)

systems to reliably meet demand across the US, Shanef#toaind 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) ord8% 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 (invisté/

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 resourceslatge reliability gap must be
filled by some combination of excess intermittent generation, long and short duration storage,
clean dispatchable power generation, and demaside management (such as conservation
during periods of peak demand). Decisiaf®ut 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 CAISO Transmission

24



SAN DIEGO REGIONAL CECARBONIZATION FRAMEWORK - DRAFET i NOT FOR CITA TION

Planning modeling (&2 case) included 300 MW pumped hydro storage at San Vicente as well
as 660 MW of 4r battery energy storage in San Diego Couffifjogether, these planned

energy storage resources make up about 20% of the anticipated ‘h@#uer options could

include oerbuilding the renewable CPAs, with curtailment as a-effgctive tool to deliver

more renewable energy through existing transmission lines. A 2017 study found that allowing
10% annual solar curtailment enables-éofl increase in the amount of annuailar

generation that can be delivered on existing transmission Fadslditional options include
natural gadired generation with carbon capture and storage, other zero carbon gaseous fuels
such as hydrogen from electrolysis, or rapid seadeof demandesponse programs in the

region, among others. Given the rapidly changing nature of technology and the fact that human
behavior related to demandide management is not well understood, the optimal combination
for ensuring reliability is currently unknovamd 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
costs$*and curtailment of renewable resourcéslncreased transmission capacity may also
enable greater reliability due to interconnection with more geographically diverse hourly
generation profiles that smooth out variable power generatién.

Table 22 lists the costs and timelines of the six identified major transmission upgrades for the

region from an analysis by the California Independent System Operator (CAT®®3¢e are

transmission upgradeptionsonly. Statewide modeling results have not peen 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 updga 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-#¢atd modeling for the state's

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

penetration of renewables is modeled, and leasst transmission upgrades are selected from

GKA&a tAa0 2F 2LJiA2yas (G2 adzZJl2NIG FyR SylotS
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-
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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-pesyr = 5,705 MW mean demand).

VViC2NJ SEF YL S FTNRY | LINBGA2dza &SI NE &2® TranskissiorNgahdth§ldi ¢ a 2 F
t N2 O Bithsy/dww.cpuc.ca.gov/industriemnd-topics/electricalenergy/electriepower-procurement/long
term-procurementplanning/201920-irp-events-and-materials/portfoliosand-modelingassumptionsfor-the-
2021-2022transmissiorplanningprocess
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Scenario 1: Solar and Wind within
San Diego County

Solar Year of Install Wind Year of Install
[ 2030 [ 2030
[ 2040 [ 2040
B 2050 B 2050

—— Existing Transmission [__] San Diego County

Created by: Joseph Bettles
September 6, 2021

Candidate Areas Source: RETI, PoP :
Transmission Source: HILDF 0 15 30 mi
Basemap: OSM, ARC Hillshade | | |

Figure 2.7.Site Selection Scenario: San Diego County Only.
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Scenario 2: Solar, Wind and
Geothermal within San Diego
and Imperial Counties

Solar Year of Install
[]2030
[ 2040
[ 2050
Wind Year of Install
12030
[ 2040 2040 Q \
[ 2050
©  Geothermal Sites
—— Existing Transmission
[ San Diego and Imperial County Aﬁ

2050 Southeast San Diego County Install

Created by: Joseph Bettles

September 6, 2021 .
Candidate Areas Source: RETI, PoP 0 25 50 mi
Transmission Source: HILDF | | |
Basemap: OSM, ARC Hillshade

Figue 2.8. Site Selection Scenario: San Diego and Imperial Counties.
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Table 22. Transmission upgrades and costs In the SDG&E territory. Data from an analysis by th& CAISO.

Estimated Full Capacity
Deliverability Status Based
on OnPeak Study

Area Delivery Network Upgrades (ADNU) & Cost Estimat

Wind/Solar
Area

. Designation
Transmission Resource Output
) Affected Zones
Constraint L Increase .
Existing due to Construction
System ADNU ADNU Time Cost ($millions)
MW months
(MW) o (months)
East of Miguel Arizona, Imperial, Baja, New Imperial Valley
. ) . 731 1,412 ) 120 3,680 Solar
Constraint Riverside Serrano 500 kV line $
. . Arizona, Imperial, Baja, . .
E Luis R New E L
ncinaSan LUis Rey |\ o cREZ within San | 2,901 3,718 ew EncinaSanLuis |, $102 Solar
Constraint ) Rey 230 kV line
Diego
Imperial Valley New Imperial Valley
transformer Imperial 1,959 400 500/230 kV Bank at 105 $214 Solar
Constraint new substation
. Arizona, Imperial, Baja, .
San Luis Regan . New San Luis R&an
Onofre Constraint anCREZ withiBan 1,748 4,269 Onofre 230 KV line 120 $237 Solar
Diego
San Diego Internal Imperial, NOoRCREZ Internal San Diego
= \peria’, N 968 2,067  Dieg 18 $89 Solar
Constraint within San Diego reconductoring
. . . Silvergate Bay Blvd
Sil teB | 1,B NorCREZ
rvergatesay | Imperiaibaja, o 1,202 2,119 230KV 3ohm Series | 72 $31 Wind
Boulevard Constraint| within San Diego
Reactor
San Diego Oceansid{ Non-CREZ within San
.g . 280 301 Oceanside ADNU 60 $133 Solar
Constraint Diego
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 imr2030,
further upgrades are likely to be needed in the 2050 timeframe. The CAISO is separately
undertaking a 26yr transmission outlook study proce¥sand clean energy planning efforts in
the San Diego region should incorporate findings from the CAIS@Ot2Ensmission outlook
study as they come available.

Candidate Project Areas Scenarios

As policymakers consider alternate scenarios for siting refdewresources, 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 pot&l for each scenario.

CPA Scenario 1: Low Environmental Impact

When more environmental screens are applied to identify-loypact CPAs as in Wu et athe
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 landith 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 highlue cropland. The resulting total resource potenital

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 Ca8eguiestration Potential

When CPAs are restricted by removing land with high carbon sequestration potential, the
resulting capacity is 22,844 GWh, or roughly-timed the original capacity. Much of the
remaining CPAs are in the urban infill which are idetuwithout 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 landy provide decision makers with lewanging fruit in
GSN¥a 2F SIasS 2F RS@OSt2LISyde 2KSy /t!a | NS N

A M~ A oz, A

WSRS@St2LIYSyiGé¢ flyR GeLJSas GKSNB A& mMoXydpn D?
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for nearterm resource development at 28%.

REYFYR AYGSNYLFEEe

Table 23. CPA scenarios resource potential and deficit with projected demand summary.

Scenario Resource Potential (GWh) Deficit withDemand
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

Levelized Cost of Energy
$ per MWh

[32-
[ 40-
[ 42-
B 4-
[ 46 -
I 48-
Il 50-
I > 60

—— Existing Transmission
[ County Boundary

Total GWh [Mean LCOE
15,777 84.5

SEEEER B

&7
by: Joseph Bettles

September 20, 2021
Candidate Areas Source: RETI, PoP
i Source: Wu et al., 2020

Figure 2.9CPA Scenario 1: Low Environmental Impact.
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Levelized Cost of Energy
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Figure 2.11CPA Scenario 3: Restrict Land with High Carbon Sequestration Potential.
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Levelized Cost of Energy
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Developable Source: SANDAG

Figure 2.12CPA Scenario 4: Restrict Sites to Developable Land.

Infill and Rooftop Solar Costs

Results of the rooftop solar analysiee summarized in Table2below. This analysis is not

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

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

heavilyorNR 2 F2L) a2t NE RSaLIAGS aiNRy 3berefts: | SK2f RSN
Rooftop solar has much higher capital costs than gremadinted solar and other renewable

options. Studies show that an optimal portfolio can be designed to include higb&op solar

penetration, and a higherooftop-solarportfolio can also maximize dmenefits, 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 genémgtequipment)*®

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 Plafft 34,51 N/A N/A

Output of Scenario 1 (Sites

selected basedn 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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Leastcost Scenario

The leastcost scenario shown in Figure 2.13 provides an estimate of the lowest cost wind and
solar resources that wergelected in both site selection scenarios (San D@gyg and San
Diego/Imperial) for 2025. Shown in Tabl&,Zhe total resource capacity in this netrm

scenario is 4,107 GWh or 8.2% of the total 2050 electricity demand. These sites represent low
costCPAs in San Diego County regardless of whether the region imports power (and whether
necessary transmission upgrades occur). As shown in Figure 2.13, thedsaSPAs are

located adjacent to the recently approved JVR solar PV site near Jacumba Hgs“Sjte
development of this project signat®emmercialinterest in renewable siting in this part of the
County that reinforces this area as aconomically attractiveite for development. It should be
noted that the algorithm selected wind as wellssdar 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 a4deastscenario. There are,
however, some indications of greatsocietal preferences for winth4? There is general
agreement in the modeling and planning communities that more wind on the system is
desirable, from a resourediversity perspective; however higfuality wind resources are
relatively scarce in Califioia.

Table 25. Summary of neaterm leastcost site selection.
Leastcost Summary

2050 Demand (GWh) 49,979
LeastCostGeneration (GWh) 4,107
Percent of Total Demand 8%
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Sites

[ Solar PV

[ wind

Existing Rencwable
Footprint

[ Urban Extent

—— ExistingTransmission
Lines

[ SD County Boundary

Total GWh
0 75 15 mi 4,107
|

Figure 2.13Leastcost Scenario for 2025lotes: The leastost scenario shows sites that were selected to meet the 2025 electricity demand in both the San
Diegaonly and the San Diego and Imperial Scenarios. They are the lowest cost CPAs regardless of whether electricity is amplonieerifalCounty. The
sites center around the Jacumba Hot Springs in the southeast part of the County. They are located near existing ancplamalele sites, including the JVR

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

To develop the neessary renewable resources that approach 100% of electricity demand by
2045, San Diego will need to engage in raad longterm planning to ensure priorities such as
environmental protection, cost, carbon sequestration potential, equity, and land \akie
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 thei@tgsupply 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 thediime 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 infrastructureciuding transmission.

A scenario maximizing rooftop and urban infill solar and energy storage in frontline
communities could result in-830% reduction in infrastructure development on previously
undisturbed land (greenfield development). It could alswé multiple cebenefits, including
progress toward countjevel and highef S@St SljdzAde 321t asx 2206 ONBI |
GOt SIFyidSOKé &S 0id 2 Nipayiagwadey roddedNGHE leiRissiBrs ffomh lagdS © f
use change for energy infrastructurnd 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 sceario 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 reliarme intermittent renewables implies a need for reliability
studies to quantify how much additional long and short duration energy storage, clean
dispatchable power, and demargide management may be needed. Given that the best
combination of these is currgly highly uncertain, local leaders must engage in a concerted
effort--executed in parallel with rapid renewable deploymetd learn about and deploy the

vit'L'y 5A832Qa 2206a Ay (GKS&S AYyRdzaGNEB 3INRdzLJA INBG wmMT dcz 7
https://www.sandiego.gov/sustainability/soci@quity-and-job-creation
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best options for ensuring reliability. This could include coordination with the CPUC Integrated
Resaurce 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 Reqtsreme

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.1Category 1 Environmental Exclusions

Category 1 Lands

Federal Lands

State Lands

Designated Federal Wilderness Areas

PrivatePreserves of The Wildlands Conservancy

Wilderness Study Areas

National Wildlife Refuges

Units of National Park System (National Parks, Natior
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 DefineW/etlands

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-Rigtk
Rock National Conservation Area, and Headwaters
Forest Reserr

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, 2008Pnoposed

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

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

Category 2 Lands

BLM Areas of Critical Environmental Concern

USFWS designated Critical Habitat for federally listed
endangered andhreatened species

Special wildlife management areas identified in BLM's West
Mojave Resource Management Plan. l.e., Desert Wildlife

Management Areas and Mojave Ground Squirrel Conservatig
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 an
NCCPs

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

RETI Excludddands

Gedhermal | Solar PV | Wind Notes
Category 1 lands Yes Yes Yes
Category 2 lands Yes Yes Yes Preidentified projects OK
Wetlands and water bodies Yes Yes Yes Dry lakes not excluded
Native American reservations | Yes Yes Yes Preidentified projectsOK
Military lands Yes Yes Yes Preidentified projects OK
Mines (surface) Yes Yes Yes
Yes, + Yes, + buffer up to 3 miles depending on
Urban areas Yes X
buffer buffer population
Yes, + Major airports only. Wind buffer is u
Airports Yes Yes ) . P y
buffer to 5miles
Military flvways No No Yes Preidentified projects OK in red
y tyway zones. All other open
Williamson Act Prime Preidentified projects OK in red
. No Yes No
Agricultural Land zones. All other open
Williamson Act No#Prime Excluded until 2018, priglentified
. No Yes No .
Agricultural Land projects OK
. <6.3
Renewable resource quality | No No
m/sec
Min. contiguous square . .
g d No 160 none 640 acres = 1 section = 1 sq mile
acreage
Geothermal evaluated on case b
Land slope No > 5% > 20% y

case basis

Adapted fromRETI, 2009
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Appendix2.B Downscalindgviethod

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
territoryVi, Therefore, sing the following formula to find a result of 13.75%.

0E£NO0AGBEEQQUNE O ETDG N 0 & GOXB € 0 ¢ 0 QQI

Table 2.B.Proportion of Population in San Diego
San Diego Percentage of Southern CA

SanDiego 3,315,404
Total 24,106,838
SD % 13.75%

¢tKSY (KS Y2RStSR TRYySNASY SNAEIRS YhPRNIOTGR 9y S NJ
dza SR® CANRGE GKS G241t SySNHé& RSYFYR Aa FAEGS
the sum of electricity demand is found for all years 202850. Theproportion 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 baseddemand are found in Table 2.B.2.

Table 2.B.2Necessary 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

Vil PG&E, 201ttps://www.pge.com/tariffs/assets/pdfitariffoook/ GAS_MAPS_Service Area_Map.pdf

43


https://www.pge.com/tariffs/assets/pdf/tariffbook/GAS_MAPS_Service_Area_Map.pdf

SAN DIEGO REGIONAL CECARBONIZATION FRAMEWORK - DRAFET i NOT FOR CITA TION

Appendix 2.C Vegetation Types in SRiego with High Ce&5equestration Potential

NortNative Vegetation
Disturbed Wetland

Disturbed Habitat

General Agriculture

Orchards and Vineyards
Southern Coastal Bluff Scrub
Coastal Scrub

Maritime Succulent Scrub
Diegan Coastal Sage Scrub
Diegan Coast&8age 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 Woodand
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 MixedChaparral
Granitic Southern Mixed Chaparral
Mafic Southern Mixed Chapatrral
Northern Mixed Chaparral
Granitic Northern Mixed Chaparral
Mafic Northern Mixed Chaparral
Chamise Chaparral

Granitic Chamise Chaparral
Mafic Chamise Chaparral

Red Shank Chaparral
SemiDesert 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 SubshsuScrub
Valley and Foothill Grassland
Native Grassland

Valley Needlegrass Grassland
Valley Sacaton Grassland
NonNative Grassland: Broadleaf
Dominated

Foothill/Mountain Perennial
Grassland

Transmontane Perennial Grassland
Vernal Pool

San Diego Mesa Verriabol

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 ey 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 CottonwoodVillow
Riparian Forest

White Alder Riparian Forest
Sonoran CottonwoodVillow
Riparian Forest

Mesquite Bosque

Riparian Woodlands

Desert Dry Wash Woodland
Desert Fan Palm Oasis Woodland

Southern SycamorAlder Riparian
Woodland

Southern Riparian Woodland
RiparianScrubs

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
NonNative 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
FiryCanyon Oak Forest
Sierran Mixed ConiferouoFest

Mixed
Oak/Coniferous/Bigcone/Coulter
Forest

Jeffrey Pine Forest

Interior Live Oak Chaparral
Southern Maritime Chaparral
Coastal Sag€haparral Transition
Montane Buckwheat Scrub
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Appendix2.D Listof Key Assumptions

Key Assumptions

1 Solar is prioritized over wind within San Diego County.

1 Cost of transmission can be approximated by cost of Eucldisaance from CPA to
nearest substation.

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

1 Geothermal supply in Imperial is shared with San Diego inresuat equivalent to the
ratio of their combined population.

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

1 Storage will meet intermittency demands.

1 No offshore wind.

1 Cost ighe most important criteria for site selection.

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

1 The capacity factor is equal to the fixgtl solar percentage in the urban areas and
tracking solar in no-urban areas.

1 Infill solar sites are grid connected.

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

T {!'b5! DQa /2yaSNWSR [IYR IINBFa FINB dzyRS&aANI

46



SAN DIEGO REGIONAL CECARBONIZATION FRAMEWORK - DRAFET i NOT FOR CITA TION

Appendix 2.E List of Spatial Data Sources

Spatial Sources

1. Utility-Scale Wind and Solar Polygor@Galifornia Renewable Energy Transmission
Initiative, 2009 https://grist.org/wp-content/uploads/2009/11/rett1000-2009-001-
f.pdf

2. Infill Solar PolygonsThe Nature Conservancy, Power of Place, 2019 (update to 2019
report, not published)https://www.nature.org/en-us/aboutus/where-we-
work/united-states/california/storiesn-california/cleanenergy/

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

4. Existing UtilityScale Solar and Wind PolyganPolygons created based on existing and

planned sites identified by EIA, 20Bttps://www.eia.gov/electricity/data/eia860/

5. Existing SubstationdDepartment of Homeland Security, Homeland Infrastructure
FoundationLevel Data, 202https://hifld -
geoplatform.opendata.arcgis.com/datasets/electsabstations

6. Urban AreasUS Census, 2018tps://catalog.data.gov/dataset/tigetine-shapefile
20192010nation-u-s-2010censusurbanareanational

7. Transmission NetworksDepartment of Homeland Security, Homeland Infrastructure
FoundationLevel Data, 202https://hifld -
geoplatform.opendata.arcgis.com/datasets/electpowertransmission
lines/explore?location=25.606388%4C177918%€2.79

8. Geothermal SitesPoints created based on data from E3 and CPUC as part of the
statewide Integrated Resource PlanrZ&05-003)
https://www.ethree.com/tools/resolverenewableenergysolutionanodel/

9. Low Environmental Impact CPA®/u et al., 2020 Data Github
https://github.com/graceccwu/LandUsePathwaysTo100

10.Land ValuelUSDA Cropland Data leay
https://www.nass.usda.gov/Research_and_Science/Cropland/SARS1a.php

11.High Sequestration PotentialTaken from analysis in the Land Use chapter, the SANDAG

G902 + Seflig usdrlitttpsl/www.sangis.org/

12.Developable Landvacant or Agricultural Redevelopment Land Use. SANDAG,
Developable Land, 2010.
https://www.sandag.org/resources/maps_and_qis/gis_downloads/land.asp
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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
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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
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3. Acceleratindoeep Decarbonization in the
Transportation Sector

Chelsea RicheEehr & Peers
Katy ColefFehr & Peers
Eleanor Huntskehr & Peers

Key Takeaways
.FaSR 2y (KS NBIA2ylf LRtAOe O2yGSEG AyOfd
| 2dzyieQa 9t SOGUNRO xSKAOES w2l RYILE 201t 2
the A2Z Gap Analysis, the County has a strong policy foundation for reducisgj@rsi
related to transportation.
Nevertheless, projected annual emissions in 2045 and 2050 are inconsistent with the
levels of reductions required by EG385, EO B0-15, and EEB-55-18 for carbon
neutrality.
This chapter shows where opportunity areasist 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 pionearmgnber of policy

solutions to mitigate climate changelated 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@pemissions to 1990 levels by 2020.
Recognizing that the transportation sector is the largest source of GHG emissions statewide,
California has adopted several additional transportatioaused measures since that initial
landmark climate bill. One sudéw is the Sustainable Communities and Climate Protection Act
of 2008 (SB 375). SB 375 targets cars anddigtyt trucks and directs the California Air

Resources Board (CARB) to set regional GHG reduction targets for each metropolitan planning
organizatim (MPO). It requires MPOs to incorporate a set of GHG reduction strategies, called a
Sustainable Communities Strategy, into their Regional Transportation Plans.

I &ASNASE 2F SESOdziA @GS 2NRSNA aA3IySR 208N GKS
climate platform. EO-S-05 set a goal to reduce GHG emissions to 80 percent below 1990 levels

by 2050, B30-15 set an interim goal of reducing emissions to 40 petrbelow 1990 levels by

2030, and B55-18 called for the state to achieve carbon neutrality by 2045 at the latest.
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Electrification of enelise services and decarbonization of electricity generation have been
identified as key pathways to achieving a loabon future (Appendix A)Additional Executive
Orders and state legislatidmveestablished targets for Zero Emission Vehicles (ZEVs) and
related charging infrastructure. EG4B-18 established goals for 200 hydrogen fueling stations
and 250,000 EV charg 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 statewid
assessment of EV charging infrastructure needed to support levels of EV adoption required to
meet the goals of EB-48-18.Finally, EO N9-20 laid out a set of transportation

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

passenger cars and trucks are zero emission by 2035 and that operations of maddim
heavyduty vehicles are zero emission by 2045.

The remainder of this chapter describes the regional policy context for the transportation
sector, the modelingfforts 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 tegjynolo

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 polidy 2 OdzySy i a GKIFG gAftf O2yGAydzS G2
ability to reach accelerated decarbonization targets.

{!'b5!DQ& S5NIFUG HAaum wSAAZ2YIE tfly 9 p .A3 az20
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-pigture vision fotthe future as well as an

AYLE SYSYyGFraGA2y LINRPINIFY G2 YIS GKS NXIA2Yy QA
Oft SIySNW¢ ¢KS Haum wS3IA2ylLf tfly ARSYOGAFASEA |
DiegoCounty,supported by 40,000 chargets.

[N

The Daft 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 electrificatisarface
transportation vehicleg.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 inglaa are Complete Corridors, Transit
Leap, Mobility Hubs, Flexible Fleets, and Next Operating System.

1.

Complete Corridorsvould provide a balanced and inclusive road and highway network
to maximize capacity, reduce congestion, and enable a variety of tcdnstes. Key
features include managed lanes, Active Transportation and Demand Management
(ATDM), smart higlspeed communication networks, priority for shared transportation
modes, and curb management. Complete Corridors are the backbone for the Flexible
Heets and Transit Leap strategies.

Transit Leapvould complement Complete Corridors by creating a complete network of
high-speed, highquality transit services that connect residential areas with employment
centers and attractions. Future transit serviagsuld build upon existing ones through
expanded service times, higher frequency and capacity, transit priority, and better
integration with other services.

Mobility Hubsare envisioned as a network of connected places with land use supportive
ofintegralS R Y20Af A& &ASNWAOSa YR FYSYyAlGASao®
of the San Diego urban core, plus 30 surrounding hubs. Mobility Hub prototypes have
been developed for eight stops along the Midast Trolley route and eight additional
locations &ross the region.

Flexible Fleetslescribes the strategy of shared,-demand transportation services which
include micromobility, rideshare, microtransit, ride hailing, and-rage delivery. This
strategy relies on publiprivate partnership and assumasany of the new modes
introduced would be electripowered.

Next Operating System (O8) a digital platform that compiles information from various
parts of the transportation system into a centralized data hub, linking residents,
businesses, and operators to rdahe transportation data, and providing planners and
policymakers with a newepository 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 thittcan continue to be analyzed and optimized over time.

I OOSt SNIXdS (G2 %SNRQa 9t SOUNRO +*+SKAOfS DIFLI !yl
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, anDi8ga 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 zeraission infrastructure gaps and barriers. As
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the A2Z Collaborative continuéseir work, the EV Gap Analysis will facilitate prioritizing

G/ 2YYdzyAGASa 2F [/ 2yOSNYyé¢ F2NJ ONIFyaLR2NIIF A2y R
identifies a 2030 target of 771,000 EVs on the road in San Diego County, supported by 139,000
Level 2 chrgers, 16,200 DC fast chargers, and 47 hydrogen fueling stdtions.

{Fy 5AS32 /[/2dzyieQa 9f SOGNARO +#SKAOES w2FRYFL) 0O
The County of San Diego adopted an Electric Vehicle Roadmap in October 2019, which contains

six goals and 11 recommendations thatldvet S G KS [/ 2dzytieQa t+FyR dzaS I
processes, and outreach platforms in order to increase EV ownership and charging installations

in the unincorporated area and at County facilitféEhese are summarized in Table 3.1, below.

Because this docnent 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{ dzY Y| N&E

2T 1 00A2Yya

Targeted Outcome
County Operations Recommendations
M ® CdzNIi K SNJ NI R| Increase the number of EVs in
fleet of gaspowered vehicles. | i KS / 2dzyié&Qa ¥
2027.

Ay { Iy 5AS832 /2dzyieéQa

Recommendations

Amend three Board policies to assist fle|
EV conversion by requiring new lighity
vehiclesto be EV.

Convert 250 County fleet ggmowered
vehicles to EVs by 2025 and install
necessarynfrastructure.

Convert an additional 251 County fleet
gaspowered vehicles to EVs for a total
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 mediumand heavyduty fleet
vehicle conversions.

Amend Board policy@p = &5 Sa
{GFyRIFENRA F2N / 2dzy

2. Accelerate the installation of
EV charipg stations at public

Contribute to the regional EV
charging network by installing

locations in County facilities an
in the unincorporated County.

2,040 Level Il charging stations
at County facilities and

to require charging infrastructure
development at new County facilities.

throughout the unincorporated
area by 2028.

Install an additional 63 publicly accessik
EV charging stations for a total of 100
chargers at Countyatilities by 2021.
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Prepare an EV charger site assessmen
for County facilities and the
unincorporated area and install 2,040
Level Il chargers.

3. Promote and incentivize
County employee EV ownershi

Increase County employee EV
ownership and use toeduce
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/orequire EV
charging infrastructure in new
and existing private mukiamily
residential and/or non
residential development.

Increase charging station
installations in new and existing
private development.

Prepare a cost/benefit analysis of optior
to incertivize and/or require EV charger
installations in private development.

5. Fund EV expert/consumer
advocate as a regional resourcq

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 ligh
, medium, and heawyduty
fleets.

Develop public and private regional
partnerships to provide fleet
electrification technical supgt on an
ongoing basis.

{ly 5AS32
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Through Climate Action Plans (CAPSs), 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.
¢CKS /2dzyieQa wnmy /!t3X gKAOK Aad OdzNNByif e
California Environmental Quality Act (CEQA), included 11 strategies and 26 measures which
focus on activities that occur within the unincorporated area of the regiahwithin County
owned facilities> The framework for the 2018 CAP is the GHG emissions inventory (baseline
8SIFNI HaAamMnO YR GKS adlridSQa DI D NBRdOUAZ2Y
3,147,275 and 1,926,903 MT&Qor future years 2020 an2030, respectively. Measures in the
Built Environment and Transportation GHG emissions sector specifically are projected to help
the County achieve reductions of 233,758 M@ 20302

0SA
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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 statget. Among the local

strategies for achieving the GHG reduction targets are a range of activities that aim to decrease
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transportationrelated emissions by improving mobility and reducing ¥Mspecific
implementation measures involve changing land upesmoting 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 camodel their approach.

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

LY FRRAGAZ2Y G2 GKS [/ 2dzyie FyR /AdGe 27
have also adopted CAPs, with associated goals around VMT reductiadoiibn, 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 825 Analysis and is summarized in
Table 3.2 below.

{ly 548

Table3.2/ 2dzy e 27
Jurisdiction

{ly 542832 WIANA&ERAOGAZ2YAQ wSt SOl

Relevant Goals, Targets, and Actions

Regional and State Agencies
Caltrans Partnering with SDG&E fwovide charging at park and ride facilities throughout the
District 11 region.
Installing corridor charging at rest areas and remote iftti¢y travel locations.
County of Sarn Established streamlined permitting processes in 2017, compliant with AB 1236, to
Diego encourage EV charging infrastructure in new developments.
Adopted the Electric Vehicle Roadmap in 2019.
North County Developed a Zero Emissions Bus RolRlah, detailing full transition by 2042.
Transit Planning to purchase six battery electric and eight hydrogen fueled buses by 2023.
District
SANDAG Launched Plugn San Diego in 2015.
Committed over $30m over 30 years to support bigld of Level 2 charger network
through the San Diego County Incentive Project.
Identified additional electrification and moedghift opportunities through the Draft 2021
Regional Transportation Plan andsasiated Big 5 Moves.
San Diego Developed a transition plan to convert fleet of 800 buses to zero emissions by 2040.
Metropolitan Acquired eight battery electric buses by 2021.
Transit
System
Cities
Carlsbad Adopted residential and noeresidentialordinances for EV parking.
Adopted 2011 CAP goal to increase ZEV miles from 4.5% to 25% by 2035.
Chula Vista Currently,has 31% of alternativelfueled fleet vehicles; continuing to work towards their
CAP goal of 40% by 2020.
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Installed around 12@hargers for their fleet vehicles.

Coronado LRSYGAFASR daaINBSyAy3ade GKS OAGeQa wmnn 7
emissions.

Del Mar Adopted CAP goal to increase alternativielgled VMT to 20% in 2020 and 30% in 2035.
Adopted CAP goal to set aside 10% oftreet parking and in city lots for higtfficiency
and clean vehicles by 2020.

El Cajon Plans to install 128 new EV charging stations at commercial developments and 79 ne
charging stations at muHamily 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 Edharging stations in park and ride lots by 2035.

Imperial Encourages developers to install EV charging infrastructure for new and retrofit

Beach 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 loc

developers to develop strategies to increase EV infrastructure at existingfamity
complexes.

Lemon Grove

Plans to adopt a zoning ordinance requiring installatiokéfcharging infrastructure at 59
of the total number of parking spaces at new muidtimily 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 singfamily developments to include prewiring to enable 2¢dlt
charging.

Poway Installed 11 EV charging stations around the City.

San Diego Adopted CAP goal to convert 90% of-gasvered municipal fleet vehicles to zero emissiq
by 2035.
Installed 57 public EV charging stations at City facilities.

San Marcos Will require (starting in 2021) new mufémily 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 instdibegers.

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

Vista Requires new mukiamily developments to have 3% of total parking spaces equipped

EV charging infrastructure.
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Requires new commercial developments to have 6% of total parking spgugmped 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)
NEIA2Yylf Y2RSt YR 902t 3SR 9ySNH2 QaAATheESNHELt ! ¢
are fundamental differences between the two mode&BANDAGises an activitphased model

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

most current model is ABM2+, which is being used to suppor@#L Regional Plan.
EnergyPATHWAYStimates energy use and GHG emissions given a specific electrification

trajectory and fleet composition.

{!" b5! DQasimulatestréel behavior in the San Diego region using land use and
transportation network datad estimate VM$and estimate corresponding GHG emissions.
ABM2+ starts with a strediased active transportation network, a highway network, and a
transit network. The resident transportation model, disaggregate models, and aggregate
models are executed,na the resulting trip tables are summed up and used by an iterative
traffic assignment process. The outpuatspecifically, VMT by speed bin and vehicle
classificatiorg are then converted offnodel to greenhouse gas emissions using Emission
Factors (EMFA@missions factors.

EnergyPATHWAN\YSa 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 estntotal 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%-eetission vehicle (ZEV) sales by
2035 goal and makes assumptions abadoption 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 Ry | f ¢ NI YALRZ NI F GA2y tfFy |
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 docemtation for the EnergyPATHWAYS model.

56



SAN DIEGO REGIONAL CECARBONIZATION FRAMEWORK - DRAFET i NOT FOR CITA TION

SANDAG Emissions Forecasts

' &4 RSAONAROSR 02@0Ss {!b5! DQa 5NIFd wHnum wS3IA?2

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

Corridors, Tansit 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 goalsvElr, these

policies and actions are not sufficient to meet the requirements of B@Sand EO B85-18,

as described in the emissions forecasts included in the Draft 2021 Regional Plan EIR. In order to
reach deep decarbonization goals, additional @8avill 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 transporntatgiwork improvements and
programs of the 5 Big Moves together because thegagita C@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 conjunatiwith 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 tragportation 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 PassengedCaghtan

Duty Vehicles with and without the SAFE Rule Impact (the SAFE Rule sets national fuel economy
standards instead of California standards). For Passenger Cars anDuifighehicles,

emissions are also forecasted to decrease for all interim anddoryears. For Heaxuty

Trucks and Vehicles, emissions are forecasted to remain the same from 2025 onward. For Ralil,
emissions are forecasted to increase between 2016 and 2050. Projected annual emissions in
2045 and 2050 (18 MMTG@®across all sectors dry.6 MMTCee for the Surface

Transportation sector, including Passenger & -ty with no SAFE Rule impact, HeBwuty

& Trucks, and Rail) would be inconsistent with the levels of reductions required b3B86, S

EO B30-15, and EEB-55-18%

Per SB B85, 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

XEQ S3-05 requires a reduction of GHG emissions to 80 percent below 1990 levels by 2058086 ®quires a
reduction of GHG emissions to 40 percent below 1990 levels by 20305Q8equires carbon neutrality across
all sectors by 2045.
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per capita C@emissions from passenger cars and lidhty vehicles to 19 percent below 2005
levels. As shown in Figure 3.2, implementation of the 2021 Regional Plan would reduce per
capita CQemissions from this subector of Surface Transportation to 20 percent lye?005
levels by 2035, and therefore would meet SB 375 targets.

Summary of 2016 Greenhouse Gas Inventory and Greenhouse Gas
Projections

Gregnhouse Gas Emissions (MMT CO.e)

Emissions Catagory 2016 2025 2030 2035 2045 2050
Passenger Cars and Light-Duty Vehicles® 8.0 7.4 6.5 6.4 6.4
(Mo SAFE Rule Impact) 10.5 [7.8) [6.9) {5.9) 15.7) 5.7}
Electricity 53 34 1.9 13 0.2 0.2
Natural Gas i1 33 34 34 3.5 36
Industrial 21 22 23 2.4 25 25
Heawy-Duty Trucks and Vehicles 18 1.7 1.7 17 1.7 1.7
Other Fuels 11 14 1.4 15 15 15
Off-Road Transportation 0.62 0.72 0.74 .83 091 0.95
Solid Waste 0.59 0.62 0.4 .65 0.67 0.67
Water 0.24 0.28 0.22 0.15 -
Awiation 021 0.29 0.32 0.34 .40 0.43
Rail 011 017 0.18 0.19 0.0 0.20
Wastewater .07 0.08 0.08 0.08 0.08 0.08
Agriculture 0.05 006 0.06 0.06 0.06 0.06
Marine Vessels 0.05 006 0.06 0.06 0.08 0.08
5oil Management 0.05 0,04 0.04 0.04 0.04 0.04
Total* 26 22 20 19 18 18
(Total: No SAFE Rule Impact) (22) (20) (18) (18) (18)

MMT — millien metric tond, SAFE Rule — Federal Safer Affordable Fuel-Efficiency Vehicles Rule, April 2020

*Incledes GHG irmpact af SAFE Fule

2046 is an imvenbory year, the rest are forecast years. The GHG emisiions projections indede the impact of federal and State regulations and regional
policies and programd to reduce GHG emistions.

Source:  Energy Policy Initiatives Center, University of San Diego 2021

Figure 3.1Summary of 2016 Greenhouse Gas Inventory and Greenhouse Gas Projections. Source: SANDAG.

58



SAN DIEGO REGIONAL CECARBONIZATION FRAMEWORK - DRAET i NOT FOR CITA TION

Per Capita Reductions from
2005 Levels

Per Capita Reduction under the Proposed Plan (On-Model Results Only) -19.03%
Per Capita Reduction under the Proposed Plan [(Off-Model Results Only) -3.05%
CARB Adjustment Factor for EMFAC 2007-2014! +1.7%

Induced Demand Adjustment Factor? +0.38%
Per Capita Reductions -20.0%

San Diego Forward: The 2021 Regional Plan Page 4.8-27

Program Environmental Impact Report

4.8 Greenhouse Gas Emissions

Per Capita Reductions from
2005 Levels

CARBE Target -19%
Source: Appendix I.
1The GHG reductions for the 2021 Regional Plan were calculated using the CARE model EMFAC 2014 and adjustment
factors provided by CARB to account for differences in emissions rates between EMFAC 2007 (used to set the original

targets in 2010) and EMFAC 2014.
2The induced demand adjustment factor methodology is described in Attachment 3 of Appendix L

Figure 3.2SB 375 GHG Reduction Targets under the Proposed Plan from Passenger Vehicles-ButyLTghcks,
2035, (2021 Regional Plan EIR Table9%.8

3.4 Decarbonization Strategies: Policy Pathways to Close the Gap

Based on the regional policy contextsumidr SR 1 6 2 9S> Ay Of dzZRAy3 {! b5!
wSIA2YyIlf tflys (GKS /2dzyieQa 9t SOGNRO +SKAOfS
documents, and the A2Z Gap Analysis, the County has a strong policy foundation for reducing
emissions related to transptation. 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 teehnology 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:
Establishescentives 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 Hubaround EV charging infrastructure
Incorporates transitioning into a zex'@mission fleet for the Flexible Fleet strategy

2 KATS /2YLX SGS /2NNAR2NBQ YIFIAYy 321t A& (2 LINER
modes such as transit, shared rides, antivactransportation, 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 sevices can switch to alternative fuel sources and electric power. Per the plan
documentation, it is likely that future higbpeed rail projects will be powered by a combination

of both diesel and electricityn order to accelerate electrification througthis 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 welutilized.

The 5 Big Moves documentah also mentions several partnerships and policies that can assist
with public charging and hydrogen fueling stations bwild. 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, roiti dwelling

communities, and mediurand heavyduty vehiclesIn 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, focusirgf tn 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 AZZap\Analysis. Although the
main goal of the Gap Analysis was to identify needs in order to inform adomgstrategy, the
report captured some initial solutions that can inform the strategy. These include:

Lowering the upfront costs of EV ownership thgh incentives, targeting the new and

secondary market

Leveraging cooperative buying for mediuamd heavyduty fleets
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Exploring alternatives to vehicjgurchase incentives, including leswmission zones, EV
mandates, ordinances, or registration controlsetaforce 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 commrcial 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.
¢CKA&a GFNBSG Aa adzoadlyaalfte eDEXBRegoral vy {! b5
Plan, but providesanuppdrA YA G SAGAYIFGS 2F { Iy 5wde3I2Qa NBIA
target. For the purposes of downscaling to local jurisdictions in San Diego County, Fehr & Peers

has used the A2Z target numbers rather thas ®ANDAG targets.

Based on the current distribution of register&¥sn 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 iggonal VMT, the current number &Vs the current number of

vehicles, and the proportion &Vs & | aKFNB 2F Sl OK 2dz2NAaRAOGAZ2Y
3.3, following the table, shows the share BY/sas a proportion of all vehicles, by jurisdacti
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Table 3.3Jurisdictionlevel EV Population, Population Share, and VMT Share
Jurisdiction  Total#  Total # Share % Total Share of  Share of
EVs Vehicles  of Total Vehicle Regional  Regional
(2020) (including Vehicles Ownership  Population VMT

EV3 (2020) that are Share % (2019) (2012)

EVs (2020)
(2020)

Unincorporated 7,838 473,689 1.7% 16.9% 11.1% 15%
San Diego County

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%
LemonGrove 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 CalifoEmargy Commission (2020).

2. Population data from American Community Survegear Estimates (201519), 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 caes 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 tattulsing the OD method at the TAZ level and then
aggregated to the jurisdictional level, which may result in some decdlmting of trips but overall reflects a

NEBFaz2ylFofS LINRPLR2NIAZ2YFf &AKFINB 2F GKS /2dzyieqQa zac¢cod

62



SAN DIEGO REGIONAL CECARBONIZATION FRAMEWORK - DRAFET i NOT FOR CITA TION

Draft

z

Legend
() sANDAG Region 0-1% 2-3% [ 4%
() Municipal Boundaries 1-2% @ 3-4%

2020 EV Share (%) by Jurisdiction

Figure 33. 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 jurisdictiorhl Teable 3.4 shows
the future target number of ¥ 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 jadabictional level. Basing the

future target on population would follow the A2Z approach to determining the target number

ofBva AY {ly 5AS32 | a& | LINRPLERNIUAZ2Y 2F [ FfAF2NYA
overestimated target in places where vele 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 pattens, 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 transiriented 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
YFAYyAGdzZRS F2NJ S OK 2dzZNAARAOIAZ2YAQ 9+ LJ2LJz I GA

Table 3.4Downscaled Jurisdiction Targets to Meet Regional A2Z EV Goals
Jurisdiction  Total #EVs | Future Target#  Future Target# Future Target #£Vs
(2020) EVsBased on EVsBased on VMT Based on Vehicle
Share Ownership Share

Population Share

Unincorporated 7,838 116,612 115,286 130,397
San Diego
County
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:t SNOSyYy G 3Sa FNBY ¢l o06fS odnodH YdzZ (EV#dfdéteSrinec & ! H%Qa /[ 2d

jurisdictional targets.

To support the local acceleration of EV adoption towards the targets identified above, it will

also be necessary to accelerate theaatl of EV charging infrastructure. The County and

SANDAG can enhance the Plagan Diego Electric Vehicle Charging Map to provide improved
modeling for charging infrastructure location suitability at a regional SCAENDAG and the
County can collabota with local jurisdictions to encourage them to undertake a local EV

*The Plugn San Diego EV Charging Stations Map can be fourtthat//evcs.sandag.org/which includes
methodological information about how the TAZs were analyzed to identify EV trip end percentiles.
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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 \wthin the San Diego region have a great deal of room to strengthen policies
related to transitioning to EV fleets and providing sufficient charging infrastrudBased on

the summary of efforts described in the Regional Policy Context section of tiugechalong

with the findings from the A2Z Gap Analysis, there is a wadety of policies and actions that
have been informally or formally adopted by jurisdictions across the San Diego region, which
range from more encouragemetiased to more requirem@-based. Thee is also variation in
how these policies apply different types of land use and development. The variety of policies
and actions are summarized in Figuré.3.

Policies showon the leftof Figure 34 ¢ for example adopting a policy to provide EV chargers
in lots that are owned by the jurisdictianwill not be sufficient to meet aggressive EV adoption
goals. In contrast, policies shown the rightof Figure 34 ¢ for example, those that require
private developersd 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 multfamily and communities of concegqwould be sulstantially
more effective at meeting aggressive EV adoption goals.
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Figure 34. Policy Options to Accelerate EV Adoption.

In order to accelerate decarbonization most aggressively, the County can consider moving its
own policies along the spectrum fromore encouragemenbased to more requiremerbased,

and by expanding the reach of requirements and ordinances to cover more land use contexts.
To support theaccelerated adoption of the strongest and most effecipadicies, the County

can offer more appdag 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 sestors i
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 Diégonty. 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 3.5Electrification Strategies and County Implementatigproach

Strategy Partnership County Implementation Approach
Opportunity

Set Public EV Charger \Y Update 2019 EV Roadmap to include more aggressive targ

Target continue to partner with A2Z Collaborative to downscale
jurisdictional targets omppropriate 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 Targe \Y Update 2019 EV Roadmap teluide more aggressive targets
identify partnership opportunities with those jurisdictions th
have made the least progress toward their targets to share
information and strategies to accelerate fleet transition

SetAside Public Parking Adopt requirements in County zoning code

Spots for CleaWehicles

Encourage EV Charging Encouragement through incentives can complement strong

Infrastructure at policy requirements where no County jurisdictional authorit

Development Projects exists

Require New Adopt requirements in County zoning code; adopt ordinanc

5S@St 2 LIYSy-i that requires retrofitting

wSI Re§

Require EV Charging Adopt requirements in County zoning code; adopt ordinanc

Infrastructure to be that requiresretrofitting

Installed at

Developments

Offer Consumer \% Partner with SANDAG to accelerate and increase the amot

Incentives to Purchase of incentives, reduce barriers to accessing incentives, and

EVs promote aggressively in CoCs

Provide Readily \% Partner with private entities to understand information gaps

Accessible Information tc partner with SANDAG to produce coordinated educational

Property Owners and materials and aggressively promote

Vehicle Owners

Train Workforce to \% Partner with educational institutions to develop workforce

Support EV Ecosystem training needs; increase funding to existing programs

Collaborate to Share \Y Continue to partner with A2Z Collaborative

Information Across

Region

Engage in Statkevel \Y Continue to partner with A2Z Collaborative

Advocacy to Bring
Implementation Funds to

San Diego County
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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 reducik VAs 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 articuldbesfollowing 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 emplogngestion 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 higheed, higkcapacity, higHrequency transit
network thatappeals to people who otherwise drive alone. In the 5 Big Moves, SANDAG
aldlridSa GKFG LdzotAO GNIyairld oAff GO2y iAydzS
LJIS2 L)X SZ¢ OGKSNBTF2NBE NBRdAdzOAYy3 +xat¢tod
Mobility Hubs are communities with a high concentration of pepplestinations, 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 servicesd@m to connect
residents to transit and not reach the same VMT reductions.

Table 3.6 provides details on VM&duction strategies that would support acceleration of VMT
reduction within San Diego County. For those strategies that rely on zoning chdregg€sunty
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 interjurisdictional collaboration to encourageher jurisdictions to undertake similar
zoning changes to encourage denser, more walkable, and more t@nmsitted development.

68



SAN DIEGO REGIONAL CECARBONIZATION FRAMEWORK - DRAFET i NOT FOR CITA TION

Table 3.6 VMT Reduction Strategies and County Implementation Approach

Policy Strategy

Electrification

Opportunity

Countylmplementation Approach

wide range of ebikes, escooters,
bikeshare, micro transit, shuttles,

and TNC partnerships

Expand geographic reach of bus a \Y Identify corridors with land use patterns that can

rail services in areas where support transit; partner with transit agencies to

development can support transit fund additional miles ofransit service

use

Invest additional transit service \Y Identify highesiperforming transit corridors;

hours in places where transit is partner with transit agencies to fund additional

productive and high occupancy, hours of trandi service

focused on infill locations

Provide incentives and regulatory Modify zoning code along transit corridors to allo

relief to facilitate higher density denser development; streamline permitting

infill and transitoriented process for developments along transit corridors

development leverage parking reductions, density bonuses, a
other incentives to encourage development in
transit corridors

Disincentivize development in rura Utilize transit opportunity areas, infill areas, and

(or norvinfill) areas that cannot VMT efficiency metrics to encourage compact

support efficient transit use or development and courage exurban and very

multi-modal transportation options rural development

In existing rural, notnfill, or \Y Identify limited-access areas that would benefit

underserved transit areas, invest ir from additional mobilityresources; develop TNC

TNC partnerships to ensure partnerships to support travel using higher

sufficient access to opportunities occupancy vehicles

Incentivize high occupancy person Investigate opportunities to implement pricing

vehicle use structures (cordon pricing, HOT lanes, etc.) that
incentivize high occupmy vehicles

Design walkable communities, Adopt pedestriaroriented design guidelines for a

particularly in places where new development; reduce or remove parking

compact development patterns are minimums in walkable neighborhoods

already established

Expand pedestrian and bicycle Update county bicycle and pedestrian planning

facilities, using a network approact documents; partner with SANDAG to accelerate

to ensure destinations are served, implementation of 2010 San Diego Regional

corridors and intersections are Bicycle Plan; develop Pedestrian Safety and/or

equally comfortable and safe Vision Zero and/or Local Road Safety Plan

Expand modal options including a \Y, 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 peop|
of all abilities and ages are
comfortable using bicycle and
pedestrian facilities

Partner with mokity 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 wher:
it is weak

Conduct broadband gap analysis; seek funding 1
improve communications infrastructuiia 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 shoshaul
electrified freight vehicles and AV

delivery

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 &ieccessful in different locations across the County. Transit

oriented strategies will be most successful in places where the density of population and
RSOSt2LIYSyd OlFy &dzlJll2NILi STFAOASY(H (UNryaird OSK
strategies will likely be more effective in infill locations. In fiafill locations, strategies related

to trip reduction through TDM, partnerships with TNCs that prioritize electrification and high
occupancy ridership, and enhancing broadband service may be suacessful strategies to

reduce VMT.

Figure 35 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
G tdzS F2NJ W Nbly tfl O0SaqQo
Job Accessibility of 12.73 (average value for local employment accessibility in Salon
(2014))
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CJ SANDAG Region - TAZ which meets infill definition
D Municipal Boundaries TAZ which does not meet infill definition

2012 TAZs Which Meet Infill Definition

e SANI

Figure 35. TAZs Which Meet Infill Definition. Source: SANDAG Series 13 Base Year Model (2012), Fehr & Peers,
2021.
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() Municipal Boundaries 470- 1610 2890-4350 ([ s5710-7130 (@) 9060-12100 (@) Greater than 17500

2012 Population Density (Population per Square Mile) by TAZ

Figure 36. 2012 Population Density. Source: SANDAG Series 13 Base Year Model (2012), Fehr & Peers, 2021.
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2035 Population Density (Population per Square Mile) by TAZ

Figure 37. 2035 Population Density. Source: SANDAG Series 13 Base Year Model (2035), Fehr & Peers, 2021.

Over time, additional areas may become wselited for infilloriented VMT reduction strategies
as they meet higher population density thresholds. Figures 8d63a7 show how population
density is anticipated to change between 2012 and 2035, creating more opportunity for future
expansion of infifbriented and transHoriented strategies.

3.5 Conclusion

Thischapter 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 reefpatinty meet

more aggressive decarbonization targets that have been established for California but are not
yet satisfied in the guiding policies in the regiéollowing discussion with the County, the

project team will conduct additional analysis to ensthe County has access to the most

helpful information to guide their decisions and move towards deep decarbonization of the
transportation sector.
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Summary of Key Actions

Actions that will accelerate decarbonization of the transportation sectodangely 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. Astfthis 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 contipand 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 includg/ 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 Auttily developments
Partner with educational institutions to assess workforce training needs; increagméun
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 gegraphic 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 r(mon+infill) areas that cannot support efficient
transit use or multmodal transportation options
In existing rural, nomnfill, or underserved transit areas, invest in TNC partnerships
prioritizing electric and higleccupancy vehicles to ensure suffitieaccess to
opportunities
Investigate opportunities to implement pricing structures (cordon pricing, HOT lanes, etc.)
that incentivize high occupancy vehicles
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Adopt pedestriaroriented design guidelines for all new development; reduce or remove
parkingminimums 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 cainetworkof 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 bradband 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 fortriigtion
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 collaborationdioation,
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 primananseto decarbonize the
transportation sector. These challenges and gaps that the County should consider include:
Coordination with tribal jurisdictions in order to maximize decarbonization efforts ceunty
wide
Technology advances and limited jurisdictiooahtrol for influencing longnaul intercity
passenger travel, including air travel and border crossings
Longhaul freight technology and jurisdictional control
Environmental externalities of electrification (waste, pollution, etc.)
Vehicle productioremissions, roadway maintenance emissions
[ ATSatetsS OKIy3aSa Ay (GKS FdzidzNE GKIFG YI @&
assumptions (work from home patterns, home delivery of goods, suburban migration)
Policy response to pandemic conditions by tramagjencies 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 3.7Comparison of SANDAG 2021 Regional Model (ABM2+) and EnergyPATHWAY'S Model

Model

Fleet Mix Assumptions

Fuel Mix Assumptions

Passenger Cars and Truch

Transit Vehicles

Commercial Vehicles

ZEV Adoption Rate
(Passenger and Goods)

Speed

SANDAG 2021 Regional Model
(ABM2+)

5 classes for traffic
assignment:
- Drivealonenon-
transponder
- Drivealone
transponder
- Sharedride 2
- Sharedride 3+
- Heavy Truck

Each class is broken dowr

by income or by weight

7 transit modes:
- Tier 1 Heavy Rail
- Commuter Rail
- Light Rall
- Streetcar
- Rapid Bus
- Express Bus
- Local Bus

Inputs vary by mode:
- Frequency of

5 goods movement
modes:

- Truck

- Rall

- Pipeline

- Marine

- Air cargo

4 commercial truck
types:
- Light vehicle
- Medium truck
(<8.8 short tons)

Zero Emission Vehicles (ZEV)
and Electric Vehicles (EV) in
general are handled ofinodel.
Growth forecasts are based of
EMFAC.

Between Model Year
(MY)20252050, required
percent of new Light Duty
Vehicle (LDV) sales thatust
be ZEVs in EMFAC2017:

- Plugin Hybrid Vehicles

(PHEV): 7.32%
- Battery-Powered Electric

Inputs that affect speed on
regional highway
networks:
- Posted speed
- Roadway capacity
- Functional
classification
- Roadway operation
(HOV lane, etc.)
- Congestion
- Origin/destination

service - Medium truck Vehicle (BEV): 4.06% .
class for a total of 15 . . - Intersection control
wraffic assianment classes| Travel time (>8.8 short tons) - Hydrogen FueCell Electric Transportation mode
g - Fare - Heavy truck Vehicle (FCEV): 14.89% P
(FHWA classes 7
13) PHEV, BEV, FCEV are all
referred to as ZEVs.
T wm
B8 >
2 %( EMFAC growth forecasts.
5 T - Light car - Medium truck
Q LT: . - Buses - Heavy truck Different assumptions by class
5o - Light truck . T n/a
s 3 Motorcvcle - Passenger Rail (divided into short | more BEV for HD short haul
g E y haul and long haul) | truck, more FCEV for HD long
u%) w haul.
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Model VMT Accounting Resolution
Method Scale Conversion to GHG Spatial Temporal
Accounting Methods for GHG - Total VMT VMT data tables are used Different resolution levels for Transportation
calculations using Vehicle Miles and GHG and| within EMFAC for different steps of tle model: behavior is
Traveled (VMT): per-capita emissions calculations of | - Microanalysis zones: 23,002 | modeled every
- Internatinternal: all VMT VMT and cold starts (trips) and Master Geographic Referencq half hour.
< included in analysis (VMT that GHG. running emissions (VMT). Area (MGRAS) zones (roughly
B occurs from trips that start and equivalent to Census blocks)
c_zﬁ end in the SANDAf&gion) Calculations aradjusted - Traffic assignment demand
5 - InternalExternal or External by transportation activity and skims: 4,996
';',’ I Internal: 50% of VMT included data (VMT, speed Transportation Analysis Zoneg
E g in analysis (VMT associated distribution) and vehicle - Transit assignment demand
§ 2 with trips with one trip end in populations. and skims: 1,766 Transit Acce
o the SANDAG region and one Ponts
g outside the SANDAG region) Emissions reductions
<Z( - ExternalExternal: all VMT associated with various | Treatment of space is slightly
n excluded in analysis (VMT ZEV policies also different for border crossing trips.
associated with tripghat start calculated outside of the
and end outside of the SANDA travel demand model.
region are not included).
55 n/a n/a Electricity and fuel Vehicle stock is modeled for Annual vehicle
8 > emissions intensities Southern California region (divide | stock.
E g determined by supphgide | from Northern California is along
g E optimizationsubject to PGE/SCE service boundary).
i E’; net-zero economywide
3o constraints. Number of households is used to
% % estimate vehicle stock.
o~
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Model | Analysis Yearg Input Data
Base | Horizon | Internal (SANDAG) Surveys Outside Data Sources
Year | Year
- SANDAG Household Travel Behavior Survey (2016) - San Diego International Airport Air Passenger Survey
- Transit OABoard Survey (2015) (2009)
- SB 1 Transportation NetwoZompany (TNC) Survey | - San Diego International Airport Passenger Forecasts (2
5 (2019) - Decennial Census Summary Hilebulation (2010)
8 - Taxi Passenger Survey (2009) - Census Data foFransportation Planning (CTPP)
% - Parking Inventory Survey (2010) - Public Use Microdata Sample (PUMS)
S - Parking Behavior Survey (2010) - American Community Survey (202817)
§£ - Border Crossing Survey (2011) - Bicycle counts (2011)
32 2016 | 2050 - Visitor Survey (2011) - Jurisdiction annual traffic counts (2016)
RS - Establishment Survey (2012) - FasTrak Transponder ownership data (2012)
% - Tijuana Airport Passenger Survey (2017) - Caltrans Performance Measurement System (PgI&)6)
<Z( - Commercial Vehies Survey (2011) - Caltrans Highway Performance Monitoring System (HPN
« - Vehicle Classification & Occupancy (2006) (2016)
% @ n/a - University of Virginia Population Projections
= g - California Air Resources Board vehicle service numbers
? T (EMFAC)
< a: nfa | 2050 - 2021 US Annual Ener@utlook
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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 solutionare an important component of decarbonization because they
involve natural sequestration and medium to letegm storage of carbon dioxide in
lands, but natural climate solutions alone cannot generate enough negative emissions in
the San Diego region tahieve net zero emissions.
To reach net zero, natural and working lands need to act as stramgsmks than they
currently do, which means investment in natural climate solutions and minimizing
carbon emissions from the land. In order to accurately aotdor 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, thigigher 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 moreexpensive and include carbon farming, wetland protection and expansion, and
urban forestry. Other solutions are largeale habitat restoration and reforestation,
which is expensive and may not be effective.
The natural climate solutions considered herelinle cebenefits 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 increag@rban 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, makieglistinction between
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carbonsequestratioras a process and carbgtorageas an accumulated quantity). It also
introduces overarching concepts and themes (the effect of land use change on carbon
sequestration and storage, and the-benefits of natural arbon 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 aforestry. 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 effective, and least
expensive of the sotions 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 G#) in plants, trees, leaf litter, and soil) and that annual
sequestration is significant (over 2 MMT £Q@er year). The most important lands to protect
are those with the highest storage and sequestration potential (such asctiud 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-t@nefits(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
gKSY SAaGAYLF GAY 3 v I|contabliidhs taddedargdnizaton. Tkesedatalizady & Q
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 ineficiencies 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 nodsael
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 negaemissions and loRggrm

carbon storage.
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Finally, governments in the regiefncluding the County of San Diego, city governments, tribal
governments, and federal agencieshould quantify economically and socially important
ecosystem service doeneits provided by natural and working lands, carbon farming, blue
carbon, and urban forestry. In particular,-benefits like water savings, ground water
recharging, air and water quality improvements, equity improvements, property damage
reductions from stom 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

SanDiegéNS IA 2y Qa SO2f23e@

The San Diego region and the larger California Floristic Province are generally considered
GOA2RAGSNEAGE K2GalLlRdGaze 2N I NBSIFa OKEFNFOGSNAI
intactness while facing threats of extinction or biodiversitys'<® 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 mamnidig,and the region is characterized by being
largely shrubdominated,having cool, wet winters with warm, dry summers, and having highly
fragmented habitats near urban and suburban development (Figure 4.1; Tabk2Z11é. 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 teriséat
Further, the San Diego region contains areas that are considered refugseas that are

relatively protected from stressors that can negatively affe@cs@s or ecosystem survival

from fire, climate change, water stress, and recreational imp&tthese regions will be
increasingly important for maintaining ecosystem functioning and for protecting ecosystem
services, like carbon storage!'thus higHighting the importance of land use planning at the
ecosystem level across the entire regigri?

Natural climate solutions

Land use and land use change contribute to both negative and positive emissions in the San
Diego region, though the emissions @renerally net negative and therefore mean that lands

are carbon sinks (Figure 42)415Land management practices and natural resource uses can
maintain, increase, or decrease negative emissions and therefore affect the associated strength
of the landas a carbon sink accordingly. Those actions which maintain or increase negative
emissions and bolster carbon sinks are commonly known as natural climate sol3tléhs.
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Table 4.1 Areas (km) and percent of totahreas 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 Categogs Area (knf) | Percent | Area (knd) Percent
Dist Devel A includi

Isturbed or Developed Areas, including 2218226 | 20.100 | 95.887 4323
Agriculture (pasture, orchards, row crops, etc.)
Dune Community 190.471 1.726 181.547 95.315
Scrub and Chapatrral 6503.742 58.932 4234.537 65.109
Grasslands, V(?r.nal Pools, Meadows, and Othel 655.067 5.936 182.41 27 846
Herb Communities
Bog and Marsh 25.289 0.229 15.142 59.876
Ripari d Bottomland Habitat, includi

parian and Botiomiand Habital, INCIUAING OP€) 415 411 | 3764 | 193.742 46.639
water, bays, and freshwater
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 aéstal lands and associated natural climate
solutions could contribute up to 30% of the mitigation needed in 2050 to keep warming to 1.5
degreest® This finding, and others, demonstrate the importance of maintaining and enhancing
ecosystem carbon sequeation. The finding also underscores the fact that other mitigation

and negative emissions technologies will be needed to offset natural and anthropogenic
emissiong? 12.16.1820 |n other words, natural climate solutions are not a panacea.

X |t is worth notirg 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
NEBLER2NIOE GKS ab2 { Sl dzSesdoNarbbicaptute and adqustrationsokidssll kiel I & a
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 4.2Total 2019 natural and working lands carbon dioxide equivalendg)d@t 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 sequeation, and positive values are net positive emissions. Data are from the 2021

EPA report of national greenhouse gas emissions, tablearsd 61°F ¢ KS G SEA&GAY 3 aSGiGf SYSy s
urban trees, which offer large sequestration gains. Withoutaurkrees, 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-tased
solutions!?1821.22The San Diego region is shrdbminated® (Figure 4.1), so there are fewer
tree-based natural climate solutions beyond restoring riparian areas and increasing the urban
tree canopy covet?'’Instead, local natural climate solution such as fiorest management of
shrublands and shrubland restoration may be important, despite not being important
globally*? These warrant further research but are not considered in this report.

There are two major considerations for land use and natural climdtgisns 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 ecosystétasadisturbance or land use change.
This analysis focuses on net carbon dioxide equivalente(j@&missions of land use and natural
climate solutions, though it is important to note that there are numerouseaefits associated
with land use managemerand 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 fribra 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 ahcan sequester methane and nitrous oxide through bacterial

metabolic reaction$%2%though natural and working lands tend to be sources of methane and
nitrous oxide rather than sink&:?%28 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 sect@fe2*Given that natural lands tend to only have net negative
emissions of carbon dioxide, this report will focus on methods to sequeatéon dioxide

annually.

Annual carbon sequestration rates vary by prevailing climate, disturbance, and dominant plant
species?® as will be described in some detail in section 4.3, but generally landscapes with older,
more photosynthetic biomass, or tisss and other materials from plants that are or were a

part of an organism, have higher sequestration rat®¥As such, forests tend to have higher
sequestration rates than grasslands, for instance, with forests being able to sequester up to
twice as meh carbon as grasslané&?'-2*While the emphasis is often on simply planting trees,
GKS LYGSNyFragazylrt tlySt 2y [/ tAYLGS /KIFIy3asSQa
consensus that afforestation, or planting trees in lands like grasslands orrses/ghat

historically did not have any or many trees, should be avoided, as it replaces native and
adaptive vegetation with Hahdapted trees and is therefore more vulnerable to carbon

emissions and provides fewer-benefits?%31Further, the report empasizes that the type of

tree matterg%32and that nonforest ecosystem protection and restoration are also critf€al.

Storage

Natural and working lands hold large quantities of carbon in both biomass, living and dead, and
in soils?%?4Carbon storage is an accumulated stock of carbon dioxide stored as carbohydrates
and other carborcontaining molecules. Carbon storage in plant tissues occurs when net

primary production (NPP) is positive, which is when carbon sequestration occurs.yPrimar
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 carbomdithwough sugar

production than in releases through respiratié'® 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 &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 importankaw 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 Dmgjon. 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 athee to the fact that existing trees and forests grow more
slowly in the majority of Southern California than in more humid regléhs2?

Similarly, the San Diego region is dominated by shrubs and other woodyreeplants, as

nearly 60% of the regiois classified as scrub or chaparral habitats (Table 4.1), which are locally
important for carbon storage*?2°and for nitrogen storagé3 Scrub habitats, including coastal

sage scrub (CSS) and chaparral, are somewhat unique in that they continueitte grigh

sequestration rates and storage even when they are invaded bynatime grasses, which are

themselves inefficient carbon storage systethBurther, because Southern Californian serub

dominated ecosystems have longer historic fire regimes thasstalominated or more

northerly regions*37{  y 5AS32Qa aONMz SO2aeéaiSvya KI @S 2
dead, woody tissue¥

Though marsh and wetland ecosystems are slow to sequester carbon on an annual basis, they

hold large quantities in stdé reserve®3°and can even transport some carbon to the deep

ocean, thereby storing it for millennia or long¥-or California, salt marshes, salt pans,

YdzZRFE I Gax FyR aSIF3INlIaa oSRa NS GKS ONMzOALE &
carbon394.: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
largescale, crown widfires in forests and from land use change in forests, shrub, wetlands,
grasslands, and agriculture (roughly in that order) from natural to humade
environmentst21343|n the case of wildfires, centuries of fire suppression have left areas with
exces downed woody debris on the forest floor, which fuels faster, hotter fifgdditionally,

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 thrdree dieoffs and

swaths of dead grasses or excessively flammable leaf litter, respecivéRurther, worsening

droughts reduce the likelihood that a healthy forest or scrub will withstand a wildfire and

drastically reduce the likelihood that an amled forest or scrub will withstand a wildfité36:44

¢tKAa ¢l a GKS OFrasS Ay {ty 5AS32Q& Hnno YR HAN
trees, oak trees, and annual grasses fueled historic fires and permanently altered

ecosystems?>44In the case of land use change, rapid development has fragmented the San
5AS32 NBIA2YyQa ylGdaNIf SO2aeaidSya yR ONBFGSR
provide little carbon sequestration valdé:'315

Additional future emissions will occwith 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 emittédThese emissions will be unavoidabé®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 levél f&€:48

Other considerations (ctenefits)

Natural and working lands provide numerouxietal 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 ahecological resilience, and improved public health. The majority of the
proposed methods to increase carbon storage and sequestration naturally have co
benefits1”2%2249For 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
guantity; protect biodiversity, habitats, and ecosystem health; and improve public health
and/or community resilience to climate change. Additionally, protecting n&tmd working

lands from land use change, urban forestry, and chaparral restoration improve air ddality.

While this report focuses on the carbon storage and sequestration aspects of natural climate
solutions, it will be important to characterize, quagtiind monetize the additional ecosystem
services and cbenefits 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 regicend that would create negative emissions, maintain or increase carbon
storage, and provide ebenefits. These four natural climate solutions are: protection of natural
lands from land use change; carbon farming; protection of blue carbon; and urbanrforest
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4.3Land 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 ¥&i*3.he 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 locally217:2.2243There@ NI aDSGOA Yy 3 G2 bSdziNF fY hLIA
9YAaarzya Ay [ FEAFT2NYAlLE AyOfdzRSa yIFddz2NFf | yR
natural and working lands as a pillar of achieving net zero goals. That report suggests that

California ca achieve net zero emissions without eaftstate offset purchases, of which

natural and working lands will contribute one fifth of the estimated negative emissions and

storagel? The natural climate solutions for natural and working lands are to protatcent

natural and working lands from land use change to settlements or barren landscapes, to
SYKFEyOS tFryRaQ lFoAfAdGe (2 aSljdzSaadSNI+FyR aiz2NB
degraded or lost natural and working lands to their natural stgté3*

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
effective2122While forest management and other land managermtechniques are effective
tools in California and in the United Statég24%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 411 Bimilarly, reforestation efforts are inappropriate in most of
the San Diego region and are highly expen&ivé*3Other restoration efforts are also
expensive, though some efforts, like restoring riparian zones or savannas, are relatively less
expensie and can contribute significantly to negative emissions in the San Diego Fégiéh.
Riparian restoration will be considered in the agriculture and carbon farming section, while
other restoration efforts will not be discussed extensively in this repldris 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 netsoms as more productive carbon
sequestering lands, like forests or grasslands, are turned into less productive lands, like
settlements or high emissions agricultufe?®?*The loss of natural and working lands that
currently hold carbon and that sequestcarbon annually is twofold: there is a etime 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 innet emissions (e.g., urban expansion, land conversion to croplands) and promoting
land use change that would result in net sequestration (e.g., reforestatfdfiyl-24

Among the natural climate solutions listed above, preventing land use change igalgiat
inexpensive. National estimates for the U.S. suggest that over 60 MMT.efc@®be

sequestered in 2025 for marginal abatement costs of $10 or less per MT@fsaply through
avoiding conversion of forest and grasslasti€omparatively, reforestion, 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 expeA3?é22%n the United

States, this is largely due to theghicosts 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 furlthAdditionally, costs vary by
prevailng 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 toesfation!?5?

In the San Diego region, land use change occurs through natural processes, such as ecosystem
succession after fires or pest invasicfs®44and through settlement expansion, such as urban

and transportation expansiofi®>?This sectionnvestigates the current approximate carbon

storage and sequestration in the San Diego region using geospatially explicit vegetation data
GellSa FTNRY {! bHuicx@i DL{ LER2NIFf 6

Methods

All analyses, calculians, and data manipulation were done in QGIS 3.16 and Microsoft Excel.
CKAA lylfeara dzaSR { ! b5! DQa&d a9/ hy+x9D9¢! ¢Lhbuy/
downloaded from SanGIS4nGIS.o)gBoth shapefilesvere 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 invalidrgetries were fixed. The ECO_VEGETATION_CN layer was

clipped using the County Boundary to remove polygons that were in state waters or in other
O2dzyiUASad ¢KS NBadzZ GAy3a fFred8SNRa LRfed2ya aKz2g
areas were caldated for each polygon and converted to hectares.

Carbon storage and sequestration values were taken from the literature (see AppefAdixoct.
sources). Whenever possible, local data were chosen. If local data were not available, then
state, Pacific Ca, 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 cotorerted
metric tonnes of carbon dioxide equivalent or carbon per hectare (ME GOC ha) and all
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carbon sequestration values were converted to metric tonnes of carbon dioxide equivalent per
hectare per year (MT G®hat yr?) if the data were not alreadyeported 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 intogh NBIA 2y Qa @S3IASOF A2y &aKFLISTFALS
were multiplied by their corresponding carbon storage and sequestration values to return each
L2fe3dz2yQa OFND2Yy &aid2NIr3IS FyR aSljdzSaaNI GA2y (2
aggregatedbp NP R f I yR dzaS GeL)lS oFaSR fIFNASte& 2y Lt
category was disaggregated to forests, woodlands, riparian, and shrublands; settlements were
disaggregated to urban areas, disturbed areas, and agriculture; grasslands weredadaddb

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
GKSNB FNB FLIINRBEAYIGSte py aat¢ 2F OFNbB2y &02N.
ecosystems, including chaparral and coastal sage scrub, contribute mastaigty 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 ripadeeas. Wetlands are one of the least
abundant systems in the region, though trdeminated 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 legt 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, settisnsbow 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 #ed values have the

highest rates, blue have the lowest rates). Intenegly, disturbed wetlands have net positive
emissions’?4853s0 those polygons (Figure 4 lack polygons) have negative sequestration
values, despite continuing to store carbon (Figure 4.3).
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Table 4.2Total carbon storage (MMT @€) andsequestration (MMT C# yr?) in the San Diego
region by land use category and for all land uses throughout the region.

Vegetation Total carbon | Total carbon
Category stock (MMT) | 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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Carbon stocks (MT/ha)
0
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Created by: Elise Hanson
Datc: Scptember 2021
Data: SANDAG shapefiles and carbon values
from the literature

Projection: ESPG:6414 - Califomia Albers

Figure 4.3Total stored carbon (MT G®ha) 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 tiesetvalues and are in Table 4.2.
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Figure 4.4Annual sequestration rate (MT @©hat yr?) 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 weuntatadl from these values
and are in Table 4.2.

Discussion

{ly 5AS32Qa ylIddaNIf |yR ¢g2NJAy3 fFyR&a NBLINBaS
the lands provide stable, loAgrm carbon storage for the region and keep carbon dioxide out

of the atmosphere. Second, the lands provide annual net negative emissions by sequestering
FGY2ALIKSNRO OIFINb2y Ay LXIFyld (GAraadzSazr GKSNBoe
emissions. This analysis is not comprehensive and is meant to illustrate thataklginds are

currently producing natural climate solutions at little to no cost and that these lands should be
valued for their sequestration and storage abilities.

CKAA lylrftedara oNRBIRf& RSY2yailiN)»GSa GHIigd GKS N
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 tierrevill 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¢ this accounting is imperative to reaioly a net zero future. Additionally, Figure 4.4

shows that land use change throughout most of the region will havetemy sequestration
consequences, as those lands will sequester less carbon each year after they change. This
accounting will also be ingpative to consider as the lost annual negative emissions would need
to come from other sources like other natural and working lands or technological soldfighs.
Development of natural and working lands is inevitable and will be important for other
decaarbonization 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 adthwbacks 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 affecthe San Diego region. A study by Luo et al. (2963)nd 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 inmoertz
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, busiunlikely to affect the carbon
sequestration rates because the majority of measured soil carbon is relatively shallow, where
much of the longterm soil carbon storage is in deeper soil lay¥rhird, eelgrass and other
marine, beach, and intertidal piés 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 eelgréss-5>Fourth, this analysis was done at a coarser
scale than other regional and localized analyses that are forthcofiifigose more detailed
analyses should be considered more accurate because they wirlyeftect 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 Unsity, and the Scripps Institution of Oceanography. When
local data are available, they should be incorporated into all land use analyses as quickly as
possible.

Xi personal communication Scainders, September 2021.
Xit personal communication Drs. Megan Jennings and Matthew Costa, 2021 and information from the Climate
Action Alliance detailed heréttps://www.climatesciencealliance.org/carbesequestration
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Policy implications

This analysis illustrates that an ounce of prevention is worth a poundrefc 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 locahaopogenic emissions. Meanwhile, losing
natural and working lands would require expensive restoration, mitigation, or negative
emissions technology investments to capture the dimee emissions of stored carbon and to
continue to sequester the carbon th#tose 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 becaaisurrent 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 iomass 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 incant

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$ b 5! DQa dzNBlFy 3AINRgGK LI Fya OGKIFG LINRY?2
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 carbomlioxide 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 proguction and harvesting
release soil carbon (Figure 42)>24Many natural climate solutions focus on ways to both
reduce carbon dioxide emissions and enhance sequestration potéhffd*where methane
and nitrous oxide management are more nuad@nd difficult®?’However, manure and
fertilizer management can reduce methane and nitrous oxide emissions, respeétidely.

95



SAN DIEGO REGIONAL CECARBONIZATION FRAMEWORK - DRAFET i NOT FOR CITA TION

This report will focus on the carbon dioxide implications of agricultural climate solutions,
A2YSUAYSAE NEFSHNBRAYASESE (KQUAXI A8 gAtft y23S A
methane and nitrous oxide when applicable. The two primary methods for addressing CO
sequestration and emissions in existing agriculture are to amend soils or otherwise change

farming practicesd increase the stored carbon in the soil and to prevent emissions. Examples

of the former include adding efarm compost to soils, planting cover crops, planting trees in or

around farms or pastures, planting perennial plants rather than annuals, or alitiokgar.

Examples of the latter include cover cropping, practicing no ottilbagriculture, planting

perennial plants rather than annuals, or planting tréég?21.50

It is important to state that there are significant uncertainties in GHG accoumtiagricultural

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)*?2’ The majority of agricultural climate discussions tfaatus on the United

{GFrGSa NBte 2y GKS 5SLJI NI YSy (agdkhe HisEhiodsiz ( dzZNB Q
that focus on California use a Califorsgecific COMET planner t86with additional help

from the California Air Resources Board and the Qaldddepartment 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 represegedfaverages and the

values should be considerénlvalid beyond that timeframé?6Second, 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
emissiond22’C dzNII KSNE G KS NBLIR2 NI aDSOGGAYy3I (2 bSdzi NI ¢
COMET planner also likely overestimate how much carbon is store@pedeand thus longer

term, soil storagé?¢ Kdza 2 G KS aDSGGAY 3 G2 bSdziNI €& NBLRZNI
importance of longer term monitoring of local demonstration farms where climate farming

practices have been implementéd?>°

Discussion

In lieu ofsufficient localized carbon sequestration data, Dr. Puja Batra produced a ¥&foort

the unincorporated San Diego region to recommend policies for the County regarding climate
farming and transforming agricultural lands from sources to sinks usingr@eispecific

COMET planner data. That report focused on compost applications in orchards, rangelands, and

XV hitp://comet -planner.com/
X http://www.comet-plannercdfahsp.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 codtgvatering and losses due to fire.

Compost application yielded the highest carbon sequestration benefits, according to®Batra,
resulting in 227,170 MT of G®sequestered annually. However, the report notes that there
are potential problems of nitrogen &hing into surface water and groundwater if the
application rate is too high or if the nitrogen levels in the compost are too KiBepeated
application of compost may result in eutrophicat®and/or net GHG emissions from the

soil 12274350 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 redd€ emissions?
improved manure management, which could reduce, @ktl NQ emissionst?225%and

increased soil water retentioff:22:50

Batra®l f 82 Ay @SaiA3IF TSR NALI NARIFY NBAG2NFXGA2Y | &
agricultural landsThe unincorporated county has nearly 7,000 miles of freshwater and riparian
systems® which are typically dominated by shrubs and trees and have higher carbon

sequestration potential than forb and grademinated system$?$24Restoring riparian

ecosysems typically involves planting native trees and shrubs, which is estimated to result in
approximately 2 MT of G® sequestration per acre per ye#¥*¢Batra estimated restoration of

about 25% of riparian habitats and 35 feet of buffer zones around tvenrd result in

approximately 7,230 MTG®E per yearr® Together, compost application and riparian restoration

may sequester up to 234,400 MT&per year?

Finally, Batra considered the emissions from recent orchard tree removals and the lost
sequestratbn 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 theardrch

trees®® Trees are particularly good at sequestering carbon because they deposit carbon deep in
the soil and store carbon in bioma¥s%212%0 removing these orchard trees has two carbon
related impacts. First, it releases stored soil carbon aegirs the process of releasing the
OA2Ylaad OFNb2yod {SO2yRX Al NBRdJzOSa GKS 2NOKIF N
removed tree is no longer able to sequester carbon ann3aBatra estimated that the lost

orchard trees released 243,468 MTQ@®e and lost the ability to store 131,657 MT of £0

during that period. All told, the loss of orchard trees in the unincorporated county is estimated
to be more than 375,000 MT @&° This analysis highlights the importance of retaining

existing carborpools, however, it also speaks to the incentives that farmers face.
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Se2yR . G0N Q& NBLR2NISX 20KSNJ OFNb2Y FEFENXYAYy3 Y
cropping, improved species selection, and restoration of degraded, abandoned, or marginal
agriculturallands!?2%22 Importantly, each of these techniques haslmenefits, including
increased soil water retention, increased biodiversity, more shade for livestock, improved or
increased habitat, and/or increased agricultural yiel§$>°>" The restoratiorcomponent is
likely to offer the greatest cbenefits for the San Diego region in large part because planting
trees in grasslands leads to large belowground and aboveground carbon storage gains as well as
improved biodiversity, soil health, water qualitpdquantity, and air quality outcomeg2%22.24
DA@SY GKIG GKS NBIA2Y Q& | INR Oz G dzNF € 2 dzh Lddzh |
rangelands, and pastureland$® planting trees in grasslands is likely to improve regional
carbon sequestratiomnvhile offering numerous cbenefits.

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 tha€Q.131421.245Qlethane 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
loss1217.20.247 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 countif$2®¢°This would also be the case foetiTity of

{Iy 5AS32Qa ¢ 8€bhére dresMiveSer, 5aing hahyfeiadd enteric
fermentation management techniques that would not be double counting for the region. These
include onsite anaerobic manure digestion, methane capture or digedtiom enteric
fermentation, methane reduction from enteric fermentatidf>°-57.61.62The opportunities to
NERdzOS YSGKIYS YR yAGNRdza 2EARS SYAaaazya Ay
study, but they may provide important GHG emissiortutions.

Two demonstration projects hosted by the Resource Conservation District of Greater San Diego
County?®83and several independent agricultural operations in San Diego Curffgr

examples of carbon farming and monitoring and will provide furinsight 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 J@mm costs and

benefits of carbon farming and may helpdmeate a local market for carbon offséts.

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

dzy OSNI FAYGASaE aa20A1FG§SR 6AGK elCREETpléner | YR [/ 5
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tools,'>58largely because soil systems are complex and nuanced and because soil carbon

storage is highly dependent on local conditidd3d’-2°Thus, improved data for local agricultural

LINE RdzOG A2y a g2dz R Sy KI g & &griciltral caxddsrlixasyaavoulty R S NE&
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 requiigad or specialized
machinery. For example, fdl 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 attachntef Further, data collection can be costly and
there is little economic incentive for farmers to independently engage in regular soil testing to
track carbon storag&! Thus, the costs of new equipment investments, marginal operating and
management of cdoon farming, and soil testing should be incorporated into @&t ctiveness
and/or costbenefit analyses to inform government spending on subsidizing or otherwise
reducing the costs of carbon farming.

Finally, stakeholder input generally agreed that theantive 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. Policesdressing carbon farming will need to focus on

AYO2NLIZNI GAYy3 FINYSNBQ SELISNASYyOSaz 02y OSNyacs
storage potential in an equitable manner.

Policy recommendations:

Study local carbon farming techniques to betterderstand 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.

Engagdarmers 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 sequestrptitential 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 storag&3°Coastal ecosysms 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 improvementg®°” 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 milleriii:°

The San Diego region historically dot Y SR 2 @SNJ Kl F 2F (KS {2dziKSN
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 hisiric wetlands through conversion to nametland systems like urban

development®® 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 J6i#8:4"48As with terrestrial

carbon storage and sequestration, the primary methods of maintaining or enhancing blue

carbon are through protection of existing wetland ecosystems and restorati degraded or

lost wetland ecosystems.

The San Diego region has lost seagrass beds, salt marshes, mudflats, coastal riparian zones, and
other intertidal zone®#8-66and will likely continue to lose these habitats into the futd#é® 53

Of these losecosystems, only some will be eligible for restorattéffwhich highlights the
importance of protecting existing ecosystems. Additionally, there are strong economic reasons
to prevent further wetland loss or degradation. First, wetland restoratiomitssn less annual
sequestration than comparable neforest restoration, all while costing mofé8’ Protecting

existing wetlands will be less expensive and more effective than restoring or mitigating wetland
loss. Second, the orame releases of storedarbon dioxide and methane will be significant
because wetlands have a higher density of carbon storage per unit area than other regional
ecosystems?3941so the costs of offsetting or removing those emissions from even
geographically small lost wetlda 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 climateelated damages due to ecosystem services provided by expanded
wetlands!’ 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 téirealutions that

have lower marginal costs and higher sequestration r&tés22

While wetlands contribute meaningfully to negative emissions, they are predicted to emit more
CQ than they sequester with sea level rise, absent wetland migration, ordaedchange to
wetlands as sea water inundation occd?g?#8This 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 263The analysis then estimates the land use
requirements of direct air capture (DAC) that would be needed to sequester the released CO
as a demonstration of some of the costs required to offset wetland loss.

Methods

The City of San Diego published a draftort showing that they predict local sea level rise (SLR)

of approximately 0.25 meters, or about 1 foot, by 2#30The report found that 0.25 meters of

{[w ©62dzZ R Aydzy RS I 062dzi n o:*T» analyz&iBe lostblied Qa NB
carbonpotential and the emissions from lost wetland habitats, the National Oceanic and
lGY2AaLIKSNAO ! 3Sy0eéQa hNYy3aS FyR {I%TheSlfobt3d2 02 dz
of SLR layer was reprojected into California Albers (ESPG: 6414) and invalitligsomeze

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 categoriesogebmarshes, 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 (8@pendix 4A .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 bendgial because seagrass is an important blue carbon ecosy$t&mhe 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 carbowegetation 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 contiguates Un

States, anywhere in the United States, or any blue carbon study, in that order. A table of values
and sources is in AppendiXA2. The carbon stock and sequestration values from the literature
were converted to metric tons of carbon dioxide equivalpar hectare (MT C@ ha?) if they

were not already in those values. They were then multiplied by the appropriate vegetation

Of FaaQa G20l f-timeydditive énssicasSaind thie KoBgoBeyh&gative emissions
from planned land use change in thegion.

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®3B)is level of loss will result in
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approximately 180,112 MT G®emitted directly into the atmosphere. Additionally, the lost
habitats would have been able to sequester approximately 1,715 M& @€ year (Table 4.3).
In order to offset these onéime 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 beak even by sequestering as much as is being emitted from blue carbon

habitats.

Table 4.3Total lost habitat (hectares), annual carbon sequestration (metric tonnes per year),

and longterm storage (metric tonnesmitted upon loss) per blue carbon vegetation class.

carbon ecosystems

Vegetation Total area lost with Lost an.n ual Lost carbon

classification 1 foot of SLR (ha) sequestration (MT storage (MT C£@)
CQe yrh)

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 282 1.714.88 180 112
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Figure 4.5Some 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 detalil
of two regions with blue carbon losse

Discussion

As in the case of regional land use change in forests andareast terrestrial ecosystems,
protecting wetlands, marshes, mudflats, and riparian habitats from loss is thd@&sstoption
because doing so both protects existing stooedbon 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
{ Iy 5AS32 Qanfofest dBsistemP SR’ y 2

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 taqvent sea water inundation and floodirig)+246

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
restoration1217:51Thus, tle remaining options are to expand existing blue carbon habitats, and
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thus allow for secalled wetland migration, or to invest in other natural climate solutions in the
region.

Policy implications

Wetland, marsh, and mudflat losses will significantly impa& S 6 Af A& 2F GKS
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,22021), 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 lowying blue carbon ecosystems should be accounted for in decarbonization
plans, evenf 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 accating 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 thostrees which exist within urban boundaries and were either planted or are
somehow maintained%’2 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 sefVi€es.
However, urban trees are also being recognized for their contributions to negative carbon
dioxide emissions because their growth reduces atmospheric €&* 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. Furilieese trees also provide dmenefits 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 sgaée.

There are, however, some important cate#o 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 gars’® 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 fertilizersnthaii

require fossifuel based inputs, like energy or synthetic fertilizers, then urban forests can be

net emitters because their care can require more; €@issions than they can sequestér.

Third, the species of tree planted has large implicationg&mbon sequestration, life

expectancy, water and maintenance needs, and potentidd@oefits, highlighting the

importance of careful tree selection based on local conditions and néed<ifth, as trees

reach the end of their lives, they will needlte 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.”® Finally, urban greening often focuses on trees because of their ability to provide unique
services like shadg and subsequent cooling, but regional greening should also include plans to
plant native or nomative drought tolerant shrubs and plants. These plants can offer aesthetic
value, air pollution mitigation, water quality improvements, improved habitat hindliversity,

and carbon storage all while generally requiring fewer inputs than tté&s’?®

Discussion

In a 2003 San Diego regional analysis, theprarfit American Forests produced a report of the
tree cover in the City of San Diego and 22 surrongdities and communities and found that,
collectively, these urban forests stored 640,846 MT of carbon and sequestered 4,864 MT of
carbon annually? Despite the significant sequestration and storage values, the study region
lost 29% of its tree cover fro 1985 to 2002° While California as a whole has steadily gained
tree cover and urban carbon sequestration since 1999the San Diego region has not seen
similar gains and thus has the potential to create substantial negative emissions through
expanding urban tree covet’.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 storaayed sequestration values, recognizing that there will
be climaterelated feedbacks to tree growth and life expectancy in response to localized climate
change’® The report found that San Diego County is expected to increase its urban tree carbon
storage byapproximately 6 MMT of carbon and to increase its annual sequestration rate by
0.32 MMT of carbon per year from 202060 through urban tree expansion alofféThe

report also noted that San Diego County is expected to see an increase in avoided erassions
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 land$.
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An analysis by The Nature Genvancy of California found that the San Diego region had

111,763 acres of urban land that was suitable for urban forestry or other greéf#hgt an

average sequestration rate of approximately 7 MT ofeCaer acre per year, the report
estimatesthaff dzf £ @ F2NBadAy3a GKS {ly 5AS32 NBIAZ2YQa
CQe of annual sequestratiof.8?

Though these estimates are rough because they are not based on extensive field data, they still
highlight the importance of greeningthereg@ra  dzNd® 'y | NBlFa Fa |y {dzNY
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 agéree health, and growing conditions. Additionally, it will be important for

dzNB Yy FFNBFa G2 FO002dzyid F2NJ 620K GKS St SOGNROA
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 nate@lastration and storage that was
lost.”° Their numerous ctenefits 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 reasonsiterease urban canopy cover and urban tree
distribution.”®82However, 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 sfems for generating negative emissions, rather than expand urban
areas and create an urban foreggtl”2%.29.78

Nevertheless, there are ways to increase urban tree carbon sequestration and storage potential
and maximize their value to negative emissidfisst, governments can choose tree species and
adjust tree management practices to maximize carbon benefits. Ideally, species would-be low
water, longlived, lowmaintenance, and large trees that are wellited for the local climaté>

This simple stepauld increase the lifetime of the tree, increase the lifetime of carbon storage,
and reduce lifetime, carbemtensive inputs like water. Second, governments can plan or
encourage private landowners to plan tree locations to maximize cooling effectsumises

or surfaces? 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 encolmagkecommunities to

collect data on trees in their areas to inexpensively improve overall urban tree/tfabese

data can inform distribution, size, and species urban forest information that can aid decision
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makers in crafting urban forestry policiesattwill increase carbon storage and sequestration
while providing local cbenefits equitably.

Policy recommendations:
Plant trees that maximize lifetime net negative emissions and net carbon storage.
Plan tree planting locations in public spaces to mazenuebenefits 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 improvepolicyand 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 clisateions 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 £®plant tissuedor the medium to longerm.
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. Generalgyoiecommendations 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 rmrattand 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 land¥,so continuing to protect conserved lands and expanding protections to
additional lands wilprovide annual carbon sequestration and low to no cost negative emissions
of more than 2 million tons of G® stored annually. Other natural climate solutions like
reforestation, forest management, or other restoration techniques, are typically higfdgtefe

at removing C@ but they are almost universally more expensive than merely protecting
existing land€1?2The County, as well as other governments and agencies in the region like
tribal governments and federal agencies, can contribute to reginaetihegative 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 carboh sS a G NI G A2y LR GSY G AL f
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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, regonal 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;tilbagriculture, crop choice, maner
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 forthe S&rAm@ NB3IA 2y Qa
decarbonization effortd222:43.50

Wetlands, marshes, and other blue carbon ecosystems contribute less to annual sequestration
than tree and shruldlominated ecosystems, but they nevertheless play an important role in
total carbonsequestration. Protecting these systems from land use change and restoring them
will contribute to continuing sequestration in the nearm. Restoration of surrounding

habitats may allow blue carbon habitats to migrate as sea level rise inundates coasis)|

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 sinksl€¢T&aR). Additionally,

governments can study tree species and location selections to maximize carbon sequestration
rates, minimize inputs like water, and maximizebmmefits. The latter will be especially

important as governments pursue environmental jastpolicies that aim to provide public

goods to disadvantaged and lemcome communities.

There are additional natural climate solutions to increase sequestration rates that were not
investigated here but which are important to consider and study. Fomeia, while forest
management is not widely applicable in the region, fiorest management of chaparral and
scrub ecosystems may improve regional sequestration rates and should be investigated for
effectiveness and cost.

Storage
As with carbon sequestramn, 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 dimee 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 understargdtérm 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 areWestlands,
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. Riseg 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 ireés, 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 effectdy 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 importan
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 ecostems 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 carbagestor
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
educationd programs and infrastructure hardening will reduce wildfire emissions and will allow
natural systems to regenerate after wildfires and recover the emitted carbon as plants
regrow3*

Uncertainty and future research

¢KAa NBLRZNIQ& |yl fténgeGaintiek. TS prmariySome ondzhe Iadt v
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 diught 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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chaparral and blue carbon storage and sequestration are forthcoiifipese data will be

critical to understanding valuing regional land contributions to negative emissions and long

term carbon storage.

Additionally, regional governments should quéynthe full breadth of cébenefits 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 improvementproperty 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 st@ge.

xi Personal communication with Zacha@opper, Dr. Meagan Jennings, and Dr. Matthew Costa, 2021.
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Appendix 4A.1 ¢ Carbon stock and flow data and sources for section ¢12and

Use.

Values used to multiply polygon area by vegetation type are shown in Table 4.
Table 4A.1. Carbon stock and flunultipliers by Holland vegetation class type and the sources.

LEGEND C stock (MT G@éha?) C flux (MT C£ ha'yr?) | Category
11000 NorNative Vegetation 19 0.0 Disturbed
11200 Disturbed Wetland 235 -1.07 Wetland
11300 Disturbed Habitat 19 0.022 Disturbed
12000 Urban/Developed 7.66° 0.3885077 Settlement
18000 General Agriculture 37 0.383 Agriculture
18100 Orchards and Vineyards 37 0.383 Agriculture
18200 Intensive AgricultureDairies, Nurseries, Chicken Ranche{ 378 0.383 Agriculture
18300 Extensive Agriculturd-ield/Pasture, Row Crops 37 0.383 Agriculture
18310 Field/Pasture 37 0.383 Agriculture
18320 Row Crops 37 0.383 Agriculture
21230 Southern Foredunes 0.13 0 Desert
22100 Active Desert Dunes 0.15 0 Desert
22300Stabilized and Partialgtabilized Desert Sand Field 0.1% 0 Desert
24000 Stabilized Alkaline Dunes 0.15 0 Desert
25000 Badlands/Mudhill Forbs 0.13 0 Desert
31200 Southern Coastal Bluff Scrub 43 1927 Scrub
32000 Coastal Scrub 43t 1.922 Scrub
32400 Maritime Succulent Scrub 43 1.97 Scrub
32500 Diegan Coastal Sage Scrub 43t 1.97 Scrub
32510 Diegan Coastal Sage Scrub: Coastal form 43 1.97 Scrub
32520 Diegan Coastal Sage Scrub: Inland form 43t 1.97 Scrub
32700 Riversidian Sage Scrub 43t 192 Scrub
32710 Riversidian Upland Sage Scrub 43t 1.97 Scrub
32720 Alluvial Fan Scrub 43t 192 Scrub
33000 Sonoran Desert Scrub 43t 1.922 Scrub
33100 Sonoran Creosote Bush Scrub 43 1.97 Scrub
33200 Sonoran Desert Mixed Scrub 43t 1.922 Scrub
33210 Sonoran Mixed Woody Scrub 43t 192 Scrub
33220 Sonoran Mixed Woody and Succulent Scrub 43t 1.97 Scrub
33230 Sonoran Wash Scrub 43 1.97 Scrub
33300 Colorado Desert Wash Scrub 43t 192 Scrub
33600 Encelia Scrub 43 1.97 Scrub
33700 Acaci&crub 43t 192 Scrub
34000 Mojavean Desert Scrub 43 1.97 Scrub
34300 Blackbush Scrub 43t 192 Scrub
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35000 Great Basin Scrub 43t 192 Scrub
35200 Sagebrush Scrub 43t 192 Scrub
35210 Big Sagebrush Scrub 43t 1.97 Scrub
36110 Desert Saltbusbcrub 43t 197 Scrub
36120 Desert Sink Scrub 43t 192 Scrub
37000 Chaparral 43t 192 Scrub
37120 Southern Mixed Chaparral 43t 1.97 Scrub
37121 Granitic Southern Mixed Chaparral 43t 192 Scrub
37122 Mafic Southern Mixed Chaparral 43t 1.97 Scrub
37130 Northern Mixed Chaparral 43t 192 Scrub
37131 Granitic Northern Mixed Chaparral 43t 1.97 Scrub
37132 Mafic Northern Mixed Chaparral 43t 1927 Scrub
37200 Chamise Chaparral 43 192 Scrub
37210 Granitic Chamise Chaparral 43t 192 Scrub
37220 Mafic Chamise Chaparral 43 192 Scrub
37300 Red Shank Chaparral 43t 192 Scrub
37400 SembDesert Chaparral 43 192 Scrub
37500 Montane Chaparral 43t 192 Scrub
37510 Mixed Montane Chaparral 43 192 Scrub
37520 Montane Manzanita Chaparral 43t 192 Scrub
37530 Montane Ceanothus Chapatrral 43 1.97 Scrub
37540 Montane Scrub Oak Chaparral 43t 192 Scrub
37800 Upper Sonoran Ceanothus Chaparral 43 1.97 Scrub
37830 Ceanothus crassifolius Chaparral 43t 1.97 Scrub
37900 Scrub OaRhaparral 43t 192 Scrub
37A00 Interior Live Oak Chaparral 43t 1.97 Scrub
37C30 Southern Maritime Chaparral 43t 192 Scrub
37G00 Coastal Sa@thaparral Transition 43t 1.97 Scrub
37K00 Montane Buckwheat Scrub 43 1.97 Scrub
39000 Upper SonoraBubshrub Scrub 43t 1.97 Scrub
42000 Valley and Foothill Grassland 19 0.0 Grassland
42100 Native Grassland 19t 0.0 Grassland
42110 Valley Needlegrass Grassland 19 0.0 Grassland
42120 Valley Sacaton Grassland 19 0.0 Grassland
42200 Nonnativé&rassland 19 0.022 Grassland
42200 NonNative Grassland 19* 0.0 Grassland
42210 NonNative Grassland: BroadleBbminated 19 0.022 Grassland
42300 Wildflower Field 19* 0.0 Grassland
42400 Foothil/Mountain Perennial Grassland 19 0.022 Grassland
42470 Transmontane Perennial Grassland 19* 0.0 Grassland
44000 Vernal Pool 151310 ot12 Wetland
44320 San Diego Mesa Vernal Pool 151310 012 Wetland
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44322 San Diego Mesa Claypan Vernal Pool 151310 012 Wetland
45000 Meadows and Seeps 19* 0.0 Grassland
45100 Montane Meadow 19* 0.0 Grassland
45110 Wet Montane Meadow 19t 0.0 Grassland
45120 Dry Montane Meadows 19 0.022 Grassland
45300 Alkali Meadows and Seeps 19 0.0 Grassland
45320 Alkali Seep 19 0.022 Grassland
45400Freshwater Seep 19* 0.0 Grassland
46000 Alkali Playa Community 19 0.022 Grassland
52120 Southern Coastal Salt Marsh 235 2.184 Wetland
52300 Alkali Marsh 235 2.184 Wetland
52310 Cismontane Alkali Marsh 235 2.184 Wetland
52400 Freshwater Marsh 151310 1.4 Wetland
52410 Coastal and Valley Freshwater Marsh 151310 1.40 Wetland
52420 Transmontane Freshwater Marsh 151310 1.4 Wetland
52440 Emergent Wetland 151310 1.40 Wetland
60000 Riparian and Bottomland Habitat 1004 4.3 Riparian
61000 Riparian Forests 100 4.36 Riparian
61300 Southern Riparian Forest 1004 4.3 Riparian
61310 Southern Coast Live Oak Riparian Forest 100 4.36 Riparian
61320 Southern Arroyo Willow Riparian Forest 100 4.3 Riparian
61330 SoutheriCottonwoodWillow Riparian Forest 100 4.36 Riparian
61510 White Alder Riparian Forest 1004 4.36 Riparian
61810 Sonoran Cottonwoedillow Riparian Forest 100 4.3 Riparian
61820 Mesquite Bosque 100 4.3 Riparian
62000 Riparian Woodlands 100 4.3 Riparian
62200 Desert Dry Wash Woodland 13% 3.67 Woodlands
62300 Desert Fan Palm Oasis Woodland 13% 3.67 Woodlands
62400 Southern Sycamerdder Riparian Woodland 13% 3.67 Woodlands
62500 Southern Riparian Woodland 13% 3.67 Woodlands
63000 Riparian Scrubs 13% 3.67 Woodlands
63300 Southern Riparian Scrub 13% 3.67 Woodlands
63310 Mule Fat Scrub 137 3.67 Woodlands
63320 Southern Willow Scrub 13% 3.67 Woodlands
63321 Arundo donnax Dominant/Southern Willow Scrub 137 3.67 Woodlands
63400 Great Valley Scrub 13% 3.67 Woodlands
63410 Great Valley Willow Scrub 13% 3.67 Woodlands
63800 Colorado Riparian Scrub 13% 3.67 Woodlands
63810 Tamarisk Scrub 137 3.67 Woodlands
63820 Arrowweed Scrub 13% 3.67 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 NorVegetated Channel or Floodway 0 0 Water
64300 Saltpan/Mudflats 2318 28 Wetland
64400 Beach 0 0 Barren
70000 Woodland 137 3.67 Woodlands
71000Cismontane Woodland 137 3.67 Woodlands
71100 Oak Woodland 137 3.67 Woodlands
71120 Black Oak Woodland 137 3.67 Woodlands
71160 Coast Live Oak Woodland 137 3.67 Woodlands
71161 Open Coast Live Oak Woodland 13% 3.67 Woodlands
71162 Dense Coakive Oak Woodland 137 3.67 Woodlands
71180 Engelmann Oak Woodland 13% 3.67 Woodlands
71181 Open Engelmann Oak Woodland 132 3.67 Woodlands
71182 Dense Engelmann Oak Woodland 13% 3.67 Woodlands
72300 Peninsular Pinon and Juniper Woodlands 13% 3.67 Woodlands
72310 Peninsular Pinon Woodland 13% 3.67 Woodlands
72320 Peninsular Juniper Woodland and Scrub 13% 3.67 Woodlands
75100 Elephant Tree Woodland 13% 3.67 Woodlands
77000 Mixed Oak Woodland 13% 3.67 Woodlands
78000UnNdifferentiated Open Woodland 13% 3.67 Woodlands
79000 NorNative Woodland 13% 3.67 Woodlands
79100 Eucalyptus Woodland 13% 3.67 Woodlands
81100 Mixed Evergreen Forest 15% 8.87 Forests
81300 Oak Forest 15% 8.87 Forests
81310 Coast Live O&lorest 15% 8.87 Forests
81320 Canyon Live Oak Forest 15% 8.87 Forests
81340 Black Oak Forest 15% 8.87 Forests
83140 Torrey Pine Forest 15% 8.87 Forests
83230 Southern Interior Cypress Forest 15% 8.87 Forests
84000 Lower Montane Conifero&®rest 15% 8.87 Forests
84100 Coast Range, Klamath and Peninsular Coniferous Fores 15% 8.87 Forests
84140 Coulter Pine Forest 15% 8.87 Forests
84150 Bigcone Spruce (Bigcone DouglagXainyon Oak Forest 15% 8.87 Forests
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84230 SierraMixed Coniferous Forest 15% 8.87 Forests
84500 Mixed Oak/Coniferous/Bigcone/Coulter Forest 15% 8.87 Forests
85100 Jeffrey Pine Forest 15% 8.87 Forests

Appendix 4A.1 works cited

1. Wheeler, M. Met al. Carbon and nitrogen storage in California sage scrub anehative grassland habitats. Arid Envirorl29, 119
125 (2016).

2. Cameron, D. R., Marvin, D. C., Remucal, J. M. & Pabke@o Supporting Information for Ecosystem management and land conservation
Oly adzmadlydalrfte O2yiNROG dzi SProd. Natl/Atall. SEF1Z, NABIRN2038 2AT)A Y S YAGAIL GA2y 13

3. Ward, M. Aet al.Blue carbon stocks and exchanges gltime California coasBiogeosciencel8, 471%4732 (2021).

4 aO¢A3IdST bd 5d3 2F{1SNE vd ' & g /dNNRYS /& | & wSTAyYyAogichalaGAYIl GSa
DecompositionFront. Mar. Sci8, 661442 (2021).

5.  Bjokman, Jet al. Biomass, Carbon Sequestration, and Avoided Emissions: Assessing the Role of Urban Trees in California. (2015).

6. Reforestation Hub Reforestation Opportunities for Climate Change Mitigation. https://www.reforestationhub.org/.

7. CookPaton, S. Cet al. Lower cost and more feasible options to restore forest cover in the contiguous United States for climate
mitigation.One Eartt8, 739752 (2020).

8. Zhu, ZL. & Reed, B. Baseline and projected future carbon storage and greenhgasduxes in ecosystems of the Western United
States (US Geological Survey, 2012).

9. AyalaNifio, Fet al. Spatial distribution of soil carbon storage in desert shrubland ecosystems of northwest Mexicil Envirorl83
104251 (2020).

10. Bernal, B. & Nisch, W. J. Comparing carbon sequestration in temperate freshwater wetland commu@ltes.Change Bidl8, 1636;
1647 (2012).

11. Kifner, L. H., Calhoun, A. J. K., Norton, S. A., Hoffmann, K. E. & Amirbahman, A. Methane and carbon dioxide dymaimics-esittal
pools in Maine, USARiogeochemistri39, 275,291 (2018).

12. Fennessy, M. S., Wardrop, D. H., Moon, J. B., Wilson, S. & Craft, C. Soil carbon sequestration in freshwater wetlacdssaries
gradient of ecological condition and by ecgien.Ecol. Engl14, 123,136 (2018).

13. Reed, C. @t al. Montane Meadows: A Soil Carbon Sink or Soukte®ystem24, 11251141 (2021).

14. Mcleod, Eet al. A blueprint for blue carbon: toward an improved understanding of the role of vegetated ¢dediats in sequestering
COs. Front. Ecol. Enviro8, 552,560 (2011).

15. Dybala, K. Et al. Optimizing carbon storage and biodiversitylmenefits in reforested riparian zonek. Appl. Ecob6, 343,353 (2019).

16. California Department of Food ardyriculture. COMEPIanner California Healthy Soils. http://www.cor@ainnercdfahsp.com/ (2021).

119



SAN DIEGO REGIONAL CECARBONIZATION FRAMEWORK - DRAFET i NOT FOR CITA TION

Appendix 4A.2. Blue carbon methodology details and carbon value sources for
section 4.5.

¢CKS a9/ hy+x9D9¢! ¢Lhby/ bé I &Stypesnd ywell asivgter LI2 f & 3
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 filteredh@ybroad vegetation
OFGS3I2NRSa 602tdzyy yIYSY /! ¢9Dhw, €0 2F Y. 213
Habitat.' In order to additionally include degraded wetlands, which still hold carbon, the

| 2ff YR O2RS YR yIFYS 602f stabgd WetllanvdSY G [ 9D9b 5 ¢

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

SIFOKZQ UUcnmmH Ly 3dSNIARLI 1D Marifled ‘64414 SBubtjdaf,/dS 3 S G |
'64121 Deep Bay,' '64122 Intermediate Bay,' '64123 Shallow Bay,' '64131 Subtidal,' '64140
Freshwater,' and '64200 Neviegetated Channel or Floodway.' What remained were the blue
carbon habitat polygons.

(kN

¢CKS NBadzt GAy3 f1 &SN gl a Of ALIWISR dzaAy3a bh!! Q3
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 calculd@sl& 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 4A.2. Carbon values and sources used to calculate lost carbon atac&equestration rates.

Blue Carbon Habitat Type Stock (MT Cé ha') | Flow (MT C@e halyr?)
Freshwater marsh 15 1.4
Mudflats/Saltpans 2377 23

Riparian scrub/estuary 100 4.3

Salt marsh/estuary 23% 2.18
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o0, WN

wi 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 reatgrestration (Mcleod et
al., 2011).
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5. Decarbonization of Buildings

Philip EastGates, Synapse Energy Economics, Inc.
JasorfFrost, Synapse Energy Economics, Inc.
Shelley Kwok, Synapse Energy Economics, Inc.
Jackie Litynski, Synapse Energy Economics, Inc.
Kenji Takahashi, Synapse Energy Economics, Inc.
Asa Hopkins, PhD, Synapse Energy Economics, Inc.

Key Takeaways

1 Reducingemissions from space heating and water heating should be a primary policy
focus for buildings within the Regional Decarbonization Framework.

1 Policies should support increasing adoption of efficient heat pdnaged space and
water heating systems in both meand existing buildings, with particular focus on
assistance for lovincome residents and rental buildings

1 Some existing fossil fuel equipment systems will only turn over once by 2050téMear
action is needed to guide building owners away from replaendof-life fossil fuel
equipment with like

1 Low-carbon gaseous fuels can be used for k@retlectrify end uses, though research
and piloting is required

9 Stranded cost risk is mitigated by minimizing unnecessary extensions or replacements of
the gas pipéne system and by accelerating depreciation of existing utility assets.

1 Improved data gathering is a legost, foundational action for future policy
development

San Diego County is the fifth most populous county in the United Statesboasts a largand

diverse building stockThe unigue geography and varied climates within the San Diego region
KIS KSftLISR ONBIFGS Fy FFNOKAGSOGMzZNI £ Y2y Gl 3Ss
municipalities and unincorporated are&$The local infrastructre is also shaped in part by the
O2dzyileQa wmy Dbl G0A@S 5% gdldhostlinyiny (USIdodrtyaind 1IBBibaByNID I G A 2
bases’2 KAf S Al Aa 2yS 2F (KS O2dzyieQa 3IAINBIG |aas
emissions: orsite fossil iel combustion was responsible for about 300,000 metric tons of

carbon dioxideS Ij dzA @ £ Sy G SYAaaiz2ya Ay wnanmn 2N Fo62dzi
emissions Decarbonizing existing and new buildings in the San Diego region will be a critical

strategy wihin 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 generatiorddressed in

Chapter 2 of this report.

Qx
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responsible for direct emissions, primarily space and water heating, and usingdaviem

fuels such as biomethane and hydrog&he relative costs of pathways taking different

approaches are similar, within the range of uncertainty. However, electrificdtased

approaches are generally lowask because they do not depend on technological innovation or

the deployment of noveldchnologies 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 fundametal changes in the gas utility business model because traditional

pipeline gas sales would be virtually eliminated by-eedtury. We conclude this chapter with

an analysis of some simple nearm 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 losigrm business transition plan.

5.1Buildings in San Diego County
Residential Buildings

There are an estimated 1.3 million residiahunits 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 yeaf/l The relative sizes of the residential building stock vary
considerably by muuipality, as depicted in Figutel. 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.

il Synapse analysis of data provided by San Diego County Assessor's Office.
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Figureb.1. Residential building stock by municipality in San Diego County, 302ice: Synapse analysis of data
provided by San Diego County Assessor's Office

Figure5.2 provides a breakdown of the building stocktyye 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 strategiegor multifamily apartments due to differing ownership/occupancy
paradigms and types of eagse energy equipment in the residences. Additionally, for
communities with the fastest relative growth ratesvhich have recently been Imperial Beach,
National CityChula Vista, San Marcos, and Santesore stringent building energy codes can

play an important role locally.
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Figureb5.2. Residential building stock by municipality in San Diego County2021.Source: Synapse analysis of
data provided by San Diego @y Assessor's Office

Figure5.3 provides a breakdown of the average pipeline gas usage for each major gas end use
by residential customers under three investmwned utilities, based on the late&esidential
Appliance Saturation Stud¥* 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
YF22N) SYR dzaSa Ay {ly 5AS32 DlFIa g 9fSOGNROQA
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 SBS&d&dntial

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 bugldiecarbonization because 1)

xxNote 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 estimatekown 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.
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Figure5.3. Average natural gas usage by end use and by utility for households who use thagprimary fuel for
major end usesSource: DNV GL Energy Insights. 2021. 2019 California Residential Appliance Saturation Study
(RASS).

Figure5.4 presents residential fuelse breakdowns for space and water heating end uses in
terms of the number ofitility accounts in San Diego County. Data for this analysis was based on
the 2019 RASS study. As shown in Fi§utenatural gas is the dominant fuel for both space

and water heating, while its share for water heating (about 83 percent) is more dormntimamt

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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Figure5.4. Residential space and water heating by fuel type (% of customer accounts).
Source: DNV GL Energy Insights. 2021. 2019 California Residential Appliance Saturation Study (RASS)

Figure5.5 shows the breakdown of residential space heating equipment in tefrtitee number

2F dziAfAGe | OO02dzyiia Ay {5D39Qa aSNBAOS I NBI o
County). Electric heat pumps account for about 6.3 percent of all residential systems. Central

gas furnaces with ducts account for about 56 petagfithe total systems. Three other heating

systems that use ducts are central electric and LPG furnaces, and duesediae heat pumps

(ASHPs). Together, the systems relying on ducts account for about 70 percent of the total

residential space heaterg&xcluding 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 fossiisheate
(about 13.6 percent), can be converted to heat pumps through the use of ductless minisplit

heat pumps.
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Figure5.5. Residential space heating system share by equipment §parce: DNV GL Energy Insights. 2021. 2019
California Residential Appliancat@ration 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 percenper year* Figure5.6 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 totaktigor

Given the sizable stock of commercial buildings in the City of San Diego, its policies can have an
2dz6AAT SR STFSOU 2y NBRdAzOAYy3a SyrAaairzyao ¢KS /A
important step toward managing energy use and emissionarge building& The ordinance

lays the foundation for future innovative policies such as building performance standards,

which establish mandatory energy or emissions targets that improve overdime.

* Synapse analysis of data provided by San Diego County Assessor's Office.
*iThe following resources provide additional information on building performance standards:

American Cities Climate Challenge. 20Bilding Performance Standards: A framework for Equitable Policies to
Address Existing Buildingsvailable athttps://www. usdn.org/uploads/cms/documents/bpamework_july

2021 final.pdf

American Council for Energdgfficient Economy. 2020landatory Building Performance Standards: A Key Policy

for Achieving Climate Goalsvailable athttps://www.aceee.org/whitepaper/2020/06/mandatorybuilding
performancestandardskey-policy-achievingclimate-goals

Carbon Neutral Cities Alliance. 2020. Existing Building Performance Standards Targets and Metrics Final Report.
Available athttp://carbonneutralcities.org/wpcontent/uploads/2020/03/CNCAXxistingBuildingPerf
StandardsTargetsand-MetricsMemo-FinatMarch2020.pdf
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Figure5.6. Commercial building stock bgunicipality in San Diego County, 203burce: 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 tirag,shown in Figurg.7. As with residential
0dzA f RAy3az
building types€.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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Figure5.7. Commercial building stock by municipality in San Diego County202T.Source: Synapse alyais 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 fbssiéd fuels,

and the associated emissions are attributable to buildings that use these utilities. To identify
strategies for reducing these emissions in San Diego County, itestanpto first understand

the fuel use in local buildingsboth how much of each fuel is used and what it is used for.
Using data from SDG&E, the City of San Di#égoK S { 'y 5AS32 [ 2dzy (@
U.S. Energy Information Administratidtand prior energy studie$?!4 Synapse estimated the
fuel, energy, and emission profiles for buildings in the San Diego region. bigynesents the
results for each building type and across the total commercial building stock.
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Figureb5.8. San Diego @inty energy enelise profiles by building typ&ource: 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 af energy
togetherover a quarter of all energy used in commercial buildings in the couaty in part
because they rely heavily on fossil fuels, specifically natural gas. Biyveovides a

breakdown of the primary fuel used for space and water heating in commercidirigs.
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 bénagpy 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 equipmt types for space and water heating is provided in
Figure5.10 for commercial buildings in San Diego County.
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Figure5.9. San Diego County primary fuel by building type: space heating and water heximge: Synapse
model

Figure5.10. San Diego County natural gas equipment system by building type: space heating and water heating.
Source: Synapse model
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