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ABSTRACT

California Senate Bill 350 and Executive Order B-30-15requirethe California Energy
Commission to consider impacts to disadvantaged and vulnerable communities in its climate -
related planning and funding. The Energy Commission is sponsoring a set of coordinated studies
(EPC 14-072, EPC14-074,and EPC 14-
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EXECUTIVE SUMMARY

Introduction



The team also incorporated into the model the new information from leading energy experts, including
detailed and state-of-the-artenergy sy stem and economic datafrom the larger Electric Program
Investment Charge project portfolio. This information will set a foundation for 2030 and 2050 projected
outcomes for the California economy.

Project Results

Conservative estimates, based on detailed investmentand technology costanalysis provided by the energy
consultant,



Figure 1: Medium Cost Scenario Health Benefits in 2030 for Los Angeles
($ per Household)

Source: Berkeley Economic Advising and Research

Other potential benefits to disadvantaged communities include:



households have lower incomes, these gains are even more dramaticin relativeterms. Both results
suggest that climate policy benefits are not only inclusive, but can contribute to reducing inequality.

However, these benefits among disadvantaged communities are unevenly distributed across the state,
with disadvantaged communities in Los Angeles benefitting more than disadvantaged communities in the
Central Valley, for example,becausethe sources of pollution in the Central Valley are less likely to be
affected by the policies considered in this study. More targeted policies could achieve different outcomes
in total benefits and associated statewide distribution. Indeed, the very heterogeneity observedin initial
conditions and the long-term estimates suggest thereare many opportunities for largerand more
inclusivebenefits. The present workis best seen asindicative. More effective policies should be supported

by more intensive and extensive policy research.



CHAPTER 1:
Macroeconomic Analysis

Aspartofits established commitments to alower-carbon future, California is committed to an ambitious

long-term program for emissions reductions. One ofits most important initiatives is the Long-Term

Energy Strategy (LTES)



more than disadvantaged communities in the Central Valley, becausethe sources of pollution in the
Central Valley are less likely to be affected by the policies considered in this report.

1.1 BEAR Model Description

The BEAR modelisa dynamiceconomicforecasting model for evaluating long-term growth prospects for
California (Roland-Holst, 2015). The model is an advanced policy simulation tool for demand, supply, and

resource allocation across the California economy, estimating economic outcomes annually from 2015



Forthe LTES assessment,the BEARmodel aggregated data from 60 economic sectors (Table 2). The
electric power sector was disaggregated by eight generation types to be consistentwith the detailed energy
framework put forward by E3.

Table 2: BEAR Sector Aggregation

Source: Berkeley Economic Advising and Research

1.2 Scenarios

To account for uncertainty in future technology costs, E3 worked with three generic GHG mitigation
scenarios, assuming conservative, high, and intermediate costs for acquisition and adoption of new energy

technology. All scenarios are assumed to meet California






Table 3: Summary of PATHWAYS Model Fuel and Stock Expenditures in 2030 ($ Billion)

Reference 2030 Mitigation Scenario Difference

(Mit_Med)
_ Stock  Fuel Total Stock Fuel Total Stock  Fuel Total
Costs Costs Costs Costs Costs Costs Costs Costs  Costs
16.9 251 42 16.3 25.8 42.1 -0.6 0.7 0.1
Building

Commercial 18.7 24.9 43.6 19.8 25.8 45.6 1.1 0.9 2
Building
95.1 475 142.6 100.2 40.2 140.4 5.1 -7.3 2.2
0.9 19.1 20 8.7 19.3 28 7.8 0.2 8
131.6 116.6 248.2 145 111.1 256.1 13.4 -5.5 7.9

Source: Berkeley Economic Advising and Research

Inaddition to the directspending on stock and fuels, the team modeled investments in new electric power
generationin the state. The team used the annual incremental change in electric power generation by
source generated by PATHWAY S and multiplied by the levelized capital costs for each technology. These
investments require $7.1 billion and $10.3billion in new electric power capacity investment in 2030 and
2050, respectively (Table 5).The bulk ofthis investmentisinsolar, energy storage, and wind
technologies.

Table 4: Summary of PATHWAYS Model Fuel and Stock Expenditures in 2050 ($ Billion)

Reference Difference

2050 Mitigation Scenario
Mit Med

Stock  Fuel  Total Stock Fuel Total Stock  Fuel Total
_ Costs Costs Costs Costs Costs Costs Costs Costs  Costs
235 280 515 23.3 24.8 48.1 -0.2 -3.2 -3.4
Building
Commercial 239 327 56.5 26.7 35.1 61.8 2.8 2.4 52
2

121.3 56.4 177.6 141.9 42.8 184.7 20.7 -13.6 7.1
1. 23.0 242 11.5 29.1 40.6 10.3 6.1 16.4
169.9 140.0 309.9 203.4 131.8 335.2 33.5 -8.3 25.2

Source: Berkeley Economic Advising and Research

Table 5: Investments in Electric Power Capacity for 2030 and 2050 ($ Billion)

2030 2050

Generation Type Mit Med Reference Difference Mit Med Reference Difference
Geothermal 1.1 0.0 1.1 0.0 0.0 0.0
Natural Gas 0.0 0.7 -0.7 0.0 1.2 -1.2
Solar 4.9 0.0 4.9 5.0 0.5 4.5
Storage 1.4 0.0 1.4 2.3 0.0 2.3
Wind 0.3 0.0 0.3 4.7 0.0 4.7
Total Investment 7.8 0.7 7.1 12.0 1.7 10.3

Source: Berkeley Economic Advising and Research



1.3 Results

The LTES macroeconomicassessmentresults are presented for 2030 and 2050 as either a percentage or
level difference from the baselinescenario. The baseline scenario reflects pre-SB 350 policies, such as the
33% RPS and historical energy efficiency goals.

There are three fundamental drivers ofthe macro results: growth-positive investment stimulus, fuel
efficiency benefits, and growth-negative costs of technology adoption. The complex interplay ofthese
drivers determines the net outcomefor the economy. Because these forces are countervailing, the related
aggregate effectis an empirical question. The relative importance ofeach depends on initial conditions,
policy compliance, and economicbehavior.

Overall, results show that LTES would confer significant economic benefits from investment-driven direct
stimulusinlow-emissions technologies and indirecthousehold real-income benefits from energy savings.
These two effects combine to outweigh technology adoption and other compliance costs associated with
installing new renewableelectric power capacity, electrifying the vehicle fleet, and upgrading commercial
and residential building appliances.

Inthe medium run (2030), all macroeconomicindicators show net benefits to the California economy for
the median-cost and low-costscenarios (Table 6). For example, GSP and overall employment are
projected to increase by 2.1%relative to the baseline in the median-cost scenario (Mit_Med). The other
macroeconomicindicators

10



Table 6: Macroeconomic Summary in 2030

Mit_Med Mit_High Mit_Low

Gross State Product 2.11% -0.06% 0.62%
($117.262) (-$3.325) ($34.569)

Real Output 2.12% -0.06% 0.63%
_ ($175.069) (-$5.145) ($51.711)

Employment (,000) 2.11% 0.01% 0.60%
(575.743) (2.406) (162.767)

Real Income 1.10% -0.04% 0.24%
_ ($133.122) (-$3.722) ($33.661)
State Revenue 2.41% 0.05% 0.67%
_ ($16.488) (-$0.542) ($3.640)

(% and $billion difference from baseline in 2030)

Source: Berkeley Economic Advising and Research

Table 7 shows the key macroeconomic indicators for the LTES scenariosin 2050, relativeto the baseline.
Asshownin the previous expenditure input tables, the stock and fuel expenditures are substantially
higherinthelongrun as deep decarbonization requires substantial stockinvestments in transportation,
industrial efficiency,and building efficiency, and continued electric power investments in solar,wind, and
energy storage technologies. The economywide stimulus effects in the long run are generally about four
times aslarge as the 2030 macroeconomicimpacts. This makes intuitive senseas both direct
expenditures on low-emissions technologies are higher,and there is more time for the multipliereffects
from earlier expenditures to accumulate.

11



Table 7: Macroeconomic Summary in 2050

Mit_Med Mit_High Mit_Low

Gross State Product 8.92% 2.37% 3.68%
Real Output 8.23% 1.70% 3.02%
Employment (,000) 7.32% 1.78% 2.78%
_ (3,299.247) (801.416) (1,252.795)
Real Income 5.61% 1.86% 2.47%
_ ($1,094.382) ($310.110) ($446.733)
State Revenue 8.13% 1.72% 2.79%
($127.168) ($42.231) ($56.046)

(% and $billion difference from Baseline in 2050)

Source: Berkeley Economic Advising and Research

1.3.1 Employment Impacts by Occupation

One of the salient features ofthe BEAR modelisthe ability to forecast employment effects by occupation.
The employment effects (relative to the pre-SB350 baseline) are presented in Figures 2 and 3 by
occupation median-cost scenario (Mit_Med). Significant gains in employment span a variety ofdiverse
sectors, signaling the large scope ofindirectand inducedeffects from LTES. For example, while there are
large increases in employmentsectors readily associated with the renewable buildout and building
efficiency activities such as construction, there are also large projected increases in sectors that are less
direct, such as office support,sales and marketing, and food processing and preparation.

12



Figure 2: Employment Impacts by Occupation
(Mit_Med Scenario, Percentage Change From Baseline)
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Credit: Berkeley Economic Advising and Research
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Figure 3: Employment Impacts by Occupation
(Mit_Med Scenario, 1,000 FTE Change From Baseline)
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1.3.2 Impactsby Income Decile

The BEAR model can forecastresults across state household income tax brackets. Given that the benefits
from increased expenditures onlow-emissions technologies will not be uniformly distributed across the
population, this featureofthe modelis particularly relevant. The results for income impacts by tax
bracket are listedin Figure 4.

Figure 4: Household Real Income Changes by Tax Bracket
(Mit_Med, Percentage Change From Baseline)

0% 5% 10% 15% 20%

<$10,000

$10-15,000
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$25-35,000

$35-50,000

$50-75,000

Sate Income Tax Bracket

$75-100,000

o _
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Credit: Berkeley Economic Advising and Research
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The difference in statewide income across all tax brackets can be clearly seen in the changesin 2050
householdreal incomes that would result with fullimplementation of LTES with median technology cost
assumptions (Mit_Med scenario). These figures,however, should not be interpreted ashow much
additional income each householdin California will enjoy as a result ofthe new energy system buildout.
Instead, those households that get newjobs will receivethe majority ofthis in direct benefits, while other
households will see smaller increases from indirect and induced income effects and reductions in
respective energy costs.

The overallincomeand employment benefits from properly balanced and targeted policies like Mit_Med
are driven by combined investment stimulus and energy savings (growth positive) offsetting technology

16



Figure 5: Job Creation Through Expenditure Shifting
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CHAPTER 2:
Disadvantaged Community Analysis

Statewide models ofthe economy are useful tools for evaluating the costs and benefits of proposed
policies to California. However, state-level results providelittle information about how policies will affect
specific communities. In particular, the distributional component of costs and benefits must be
considered to ensure that vulnerable communities do not bear more than theirshare ofthe costs.
Examples ofpast studies that directly considered policy impacts on disadvantaged communities include
the Economic Assessment ofSB 3504 commissioned by the California Independent Sy stem Operator
(California ISO) (BEAR and Aspen 2016) and the EconomicAnalysis ofthe 2017 Scoping Plan5 developed
by the California Air Resources Board (CARB) (CARB 2017).

Building on previous studies listed above, this study incorporates an exploratory analysis ofhealth
benefits associated with reduced criteria pollutant concentrations, resulting from a movetoward cleaner
energy sources. In addition to income and employment effects, this study uses detailed vehicle
registration data from the DMV with rebate data to examine adoption patterns ofelectricvehicles in
disadvantagedand nondisadvantaged communities. Lastly, the previously used methods are updated by
drawing on CalEnviroScreen 3.0 to identify disadvantaged communities (previous studies have used
CalEnviroScreen 2.0, whichweighted hazards differently) and by updating census tractlevel data from
the American Community Survey (U.S. Census Bureau; ACS 2016) used to calibrate community shares.
The team expects this approach will further develop the template for future analysis ofenvironmental

policy impacts on disadvantaged communities in California.®

2.1 Ildentifying Disadvantaged Communities

To identify disadvantaged communities with respect to environmental policies, the California
Environmental Protection Agency (CalEPA) worked with the Office of Environmental Health Hazard
Assessment(OEHHA) to develop the CalEnviroScreen (CES) tool that evaluates economic and
environmental conditions ofevery census tract in California. The most recent version, CalEnviroScreen
3.0, wasreleasedin January 2017 and takes into account factors such as environmental conditions, health
outcomes, and socioeconomic status to construct a score for each census tract. This scorecan then be used
to identify vulnerable communities likely to be sensitive to changing policies. These disadvantaged
communities are commonly defined using this tool as census tracts in the top twenty-fifth percentile of
CES scores. By this definition, there are 2,022 census tracts designated as disadvantaged communities in

California.

4 http://docketpublic.energy.ca.gov/PublicDocuments/16-RGO-
01/TN212468_20160726T125323_Presentation_on_SB_350_Study_72616.pdf.

5 https://www.arb.ca.gov/cc/scopingplan /2 030sp_pp_final.pdf.

6 https://oehha.ca.gov/calenviroscreen
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The communities that are designated as disadvantaged using this approach are burdened by a
combination oflow income, high exposure to environmental hazards,and poor health. To illustrate the
importance ofthis combination offactors, Figure 6 highlights the relationships among pollution ex posure,
poverty,and CES score. Each pointrepresents a census tract in California, and the axes show poverty and
pollution exposure. CES score isrepresented by color. Disadvantaged communities are concentrated in
the upper right corner ofthe figure whereboth pollution exposure is high and income is low. The figure
highlightsthe fact that most census tracts that are very poor but exposed to low levels of pollution are not
designated as disadvantaged by CalEnviroScreen 3.0. Similarly, wealthy communities exposed to high
levels of pollution do not qualify as disadvantaged in this classification system.Itis the combination of
hazardous environmental exposure and socioeconomicstatus (and high health costs) thatresultsina
community being designated as disadvantaged.

Figure 6: The Relationship Among Pollution Exposure, Poverty, and Disadvantaged Status

100

80 &

Pollution exposure quantile

40 60 80 100
Poverty quantile
Advantaged Disadvantaged

The x-axis shows w here the census tract ranks relative to other tracts with respect to poverty, the y-axis shows the
pollution exposure rank, and the color shows the CES score rank. The size of the point is proportional to the census tract

population.

Credit: Berkeley Economic Advising and Research
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2.2 Characteristics of Disadvantaged Communities

2.2.1 Spatial Distribution

The regional distribution of disadvantaged communities is apparent from Figure 7. While there are
disadvantaged communities throughoutthe state,they are concentrated in two regions

20



sector compared to lessthan 7% ofnondisadvantaged community households. Disadvantaged
communities also have higher proportions of unskilled labor than the rest ofthe state, such as
manufacturing (11.4%vs 9.3%), retail (12.0%vs 10.8%) and transportation (6.32%vs 4.21%).

While energy use for every census tract is not observed, the typesofenergy systems used for heating and
coolinginthe American Community Survey data (ACS; U.S. Census Bureau2016) wereobserved.
Nondisadvantaged communities are twice as likely to use solar energy for their heating and cooling needs,
while disadvantaged communities arethreetimes aslikely not to haveany heating or cooling systems in
their homes.

2.2.3 Environmental Exposure

In additionto beingless well offfinancially,by the CES definition, disadvantaged communities are also
exposed to higherlevels of many environmental hazards. For example,statewide emissions from diesel
sources are 62%higherin disadvantaged communities (277 kilograms [kg] compared to 17 kg of emissions
day) and PM2 5 exposurefrom all sources is 26 % higher (12.3 comparedto 9.7 microgram per cubic meter
(ug\m3). Pesticideuse is 11%higher in disadvantaged communities (340 pounds compared to 305 pounds
per square mile). In contrast, for somepollutants that are more spatially homogenous, such as ozone,
there isno measurable difference in exposurebetween disadvantaged communities and
nondisadvantaged communities.

There is considerable spatial variation in hazardous environmental exposure across the state. In Los
Angeles County, for example, emissions from diesel sources arehigher than average for all communities.
Nonetheless disadvantaged communities live inlocations within the county with 50% more diesel
emissions than their nondisadvantaged counterparts (30 compared to 20 kg/day). Similarly, pesticide
applicationis higher for both groupsin the Central Valley; however, disadvantaged populations are in
areas with 7 0%higher rates of pesticide application (845 pounds compared to 498 pounds per square

mile).

2.2.4 Health Burden

The high health and overall economic costs ofexposure to these hazards is well established (Gibson et al
2017;Saarietal 2015; Thompson et al 2014). Benefits from reducing harmful exposures therefore stand
to be significant, particularly for communities exposed to dangerously high levels. Moreover, since
disadvantaged communities are disproportionately likely to be exposedto high amounts ofthese hazards,
uniform reductions across the state stand to be particularly beneficial to these communities (Figure 8).

The combination offewer resources to promote adaptation and higher exposurerates help contribute to a
situation where disadvantaged households bear many ofthe overall health costs from poorenvironmental
quality. Forexample, according to CES California households in disadvantaged communities are 64%
more likely to have visited an emergency room for asthma-related problems (74 compared to 45 visitsper
10,000 people) and 34% more likely to have visited for a heart attack (10 compared to 7 visits per10,000
people). Children bornin disadvantaged households arealso 26 % more likely to have low birth weights.
None of these differences can be directly attributed to higher e xposure to hazardous environmental
conditions. Nonetheless, the higherrates of disease, particularly asthma, indicate thatimprovements in
air quality are likely to be particularly beneficial to disadvantaged communities.
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The source of pollution exposure in disadvantaged communities vary geographically.In placeslike the
Central Valley, much ofthe poor air quality is due to diesel exhaust from farm equipment and emissions
from heavy-duty vehicles (HDV), whereas in Los Angeles, light-duty vehicles (LDV) are a primary
contributor. Disadvantaged communities in different regions are thereforelikely to benefit more from
different policies.
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Figure 8: Comparison Between Disadvantaged and Nondisadvantaged Communities
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CHAPTER 3:
Methods

Directly modeling the economic effect of statewide policies at the disadvantaged communities level using
the BEAR model would require complete data on economic activities for every census tract in California.
Since these data do not exist, the team used statewide effects broken down by census tract and then
highlighted thoseeffects in the census tracts designated as disadvantaged. Disaggregating statewide
resultsto the census tractlevel is different for each outcome, and these processes are detailed below.

3.1 Downscaling BEAR Model Employment Results

The BEAR model produces job impactestimates measured as total jobs by sectorand by occupation. Job
impacts are downscaled from the state to the census tract using occupational and sector employment
information inthe American Communities Survey (ACS). The model uses ACSfive-year estimates (2011-
2015) ofthe share of number ofhouseholds with residents employed in each sector and each occupation.
The team relied on the assumption that changesin jobs are uniformly spatially distributed across the state
within sector and occupations, so totaljob changes at the state level are allocated evenly across the state
to households within that sector and within that occupation.

Direct employment is distinguished from indirect and induced employment using employment intensities
for the sectors directly impacted by the PATHWAYS decarbonization scenarios. These directeffects are
thennetted out to determinethe indirect and induced employment impacts ofthe decarbonization

scenario.

3.1.1 Caveats

There isnot enough information to predictthe location ofnewjobs, so it was assumed that future jobs are
created in the locations where current jobs exist. Therefore, the team assumed future jobs, within a given
sector and occupation, are spatially distributed uniformly across the locations of current workers. Relying
onthis assumption, total job changes at the state level can be allocated evenly to households within that
sector and occupation. For example, constructionjobsin 2030 are assumedin the same locations that
they are now, so allnew 2030 construction jobs are assigned to each census tract proportionally to the
number of current construction workers. If new construction jobs are generated in places that do not
currently have construction jobs, those jobs would be captured in the macro estimates but would notbe

assigned to the correct census tracts.

3.2 Clean Energy Vehicle Analysis

To downscalethe effects ofclean-vehicleuse to the census tract level, the team used vehicle registration
data provided by the California Department of Motor Vehicles (DMV) as well as the Center for Sustainable
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years ofthe program, nearly 75% ofeligible PEV purchasesreceived CVRP rebates. Using this information
onthelocation ofclean vehicles in conjunction with DMV vehicleregistration data allowed the team to
model EV adoptiona
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Emissions

Poor air quality imposes substantial and unequal public health costs across the state. Conversely, averting
such costsisanimportant benefit ofreductions in GHG emissions and commensurateimprovements in
air quality (Figure 9). Moreover, the magnitude ofbenefits are expected to be large and likely to be
realized in the near term.8 As part ofthe medium- and longer-term economic assessment of the stat
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3.3.1 Step 1: Estimating How Reductionsin GHG Emissions Reduce
Concentrations of Criteria Pollutants

Air quality is negatively correlated with GHG emissions, and criteria pollutants (for example. PM2 5and
ozone) have been linked to harmful effects on human health. However, the relationshipbetween reduced
GHG and criteria emissionsisnot1:1 (a5%reductionin GHG emissions doesnot necessarily translate to
a 5% reductionin PM2.5), and this relationship varies over time and space. Modeling the relationship
between GHG emissions and criteria pollutantsis the importantfirst step to estimating health benefits.
Until recently, this relationship has not been well understood ; however, new research has shed important

light on these links.

The team was not able to directly model how reductions in GHG emissions from LTES policies will
specifically translateinto lowercriteria pollutant concentrations sinceit requires an intensivemodeling
effort by physicists and environmental scientists and is bey ond the scope ofthe current project.
Fortunately, the team was able to leverage recent workby Zhang etal 2017 on the linkbetween GHG
emissionsinthe energy sectorand mortality riskin the United States. The Zhang model evaluates the
representative concentration pathways (RCP) 4.5 energy scenario? (see Thomson et al 2011 for details), a
generic suite of cost-minimizing policies that reduce GHG emissions in the national energy sectorby a
given amount. Theseemissions reductions come from changes in electric power generation and energy
extraction and transformation and are modeled to the year 2050.1© The team then adjusted the estimates
to more closely reflect potential emissions reductions from LTES policies and to estimatebenefitsin
2030. According to E3 scenarionumbers,by 2030 about halfof2050 GHG emission reductions will have
taken place. The authors ofthe Zhang et al study shared their data with the research team, including
roughly 50 km x 50 km gridded estimates ofreductions in PM2 .5 and ozone, so these values are scaled to
be half of the associated 2050 reductions.

3.3.2 Step 2: Estimating the Effects of Lower Criteria Pollutant
Concentrationson Avoided Premature Deaths

The Zhanget al dataincludes 50 x 50kilometers (km) gridded estimates for the numberofavoided
prematuredeaths from avoided PM2 .5 exposure and the number ofavoided premature deaths from

avoidedozoneexposure.The avoided premature deaths estimates were derived from the United States
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3.3.3 Step 3: Valuing Mortality and Morbidity

The standard approach for valuing the cost ofan avoided premature death is to use the Value ofa
Statistical Life (VSL). The team used the U.S.
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https://www.epa.gov/environmental-economics/mortality-risk-valuation

However, studies devoted specifically to analyzing California policies at the local level are required to
illuminate highly localized effects. The California Energy Commission is supporting several ongoing
studies examining precisely these issues.

Another main caveatis detailed GHG reductions from LTES policies were not modeled. Benefits are
modeled from GHG reductions from transformations in the energy sector, including national changesin
electric power generation and energy extraction and transformation. This means that some ofthe benefits
will come from reductions in emissions in areas other than power generation. Moreover, national
emissionsreductions are modeled, so these benefits estimatesincorporate emissions reductions in
neighboring states.! 2 These emissions are scaled proportionately to expected emissions reductions from
LTES policies and assumethat the spatial patterns of criteria pollutant reduction from changes in power
generation and extraction are the same as the spatial patterns of criteria pollutant reductions from LTES
policies. The benefits are underestimated in places where LTES policies will reduce criteria pollutants in
ways other than through electricity generation. For example, this analysis does not consider GHG
emissionsreductions from the transportation sector, which are likely to be extremely important to health
benefitsin California. However, the total GHG emissions reductions in the health benefit estimates do
reflect emissions reductions from transportation, since the Zhanget al estimates are scaled to the level of
total expected reductions in GHG emission from LTES policies.

The other main assumptionis that total health benefits and avoided premature deaths at the state level
make up 40% ofthe total observed benefits at the national level. This assumption is based on previous
workby the U.S. EPA and takes averages from estimates in the U.S. EPA regulatory assessment for the
National Ambient Air Quality Standards. However, U.S. EPA estimates of morbidity costs in this study
range widely, and while this study uses the average, otherestimates within the confidence interval would
resultinsome variation oftotal avoided health cost estimates.

Additional assumptions include the following:
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https://www.epa.gov/benmap/how-benmap-ce-estimates-health-and-economic-effects-air-pollution

In addition to these caveats, this study does not cover all potential cobenefits from GHG emissions
reductions. Benefitsnot covered here include:
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CHAPTER 4:
Results

Ifthe recommended medium-term policies, present- 2030 are implemented, disadvantaged communities

will experience:
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ofthe 161,000 forecastjobsin Los Angeles County in the base cost mitigation scenario created in
disadvantaged communities. Similarly, disadvantaged workers in the Central Valley are morelikely than
nondisadvantaged workersinthatregionto be employed in transportation and construction sectors.
However, disadvantaged and nondisadvantaged workers are about equally as likely to be employedin
service sectors in this region. Consequently, morethan 32,000 ofthe 59,000 Central Valley jobs created
in the 2030 Base Cost Mitigation Scenario are forecast to be in disadvantaged communities.

Low-cost mitigation means negative net cost,but it also reduces the demand stimulus effect. Overall,
there is positive but limitedjob creation by 2030 in the low-cost mitigation scenario (Mit-Low). In
disadvantaged communities specifically, thereis small positive jobcreation. This includes Los Angeles,
where 60% of disadvantaged communities experience atleast 20 newjobs, and the Central Valley, where

47 %ofdisadvantaged communities gain at least 20 new jobs.

Unlike the Low-and Base-Cost Mitigation Scenarios, job growth is not forecastto be all positivein the
2030 High-Cost Mitigation Scenario. The high-cost scenario includes less savings and profits to spur job
creation, so thereislimited job creation and even some job losses by 2030. Statewide, nearly a third of
disadvantaged communities lose jobs in this scenario, although the magnitude ofjob lossesis relatively
small (0-20 jobslost). In Los Angeles, nearly 40%of disadvantaged communities lose jobs by 2030, but in
the Central Valley, the shareofdisadvantaged communities with job losses is limited to 25%.

4.1.2 Job Creation by 2050

Asin 2030, the Medium- (Base) Cost Scenario has the highestjob growth; however, by 2050, investment
stimulus is sufficient to generatepositive job growth across the state in all scenarios. The Low-Cost
Mitigation Scenario includes 883,000 jobs generated in California, and more than 40% ofthese jobs are
generated in disadvantaged communities due, inlarge part, to growth in the construction industry and
service sectors. Los Angeles (192 jobs created per disadvantaged community) and the Central Valley (216
jobscreated per disadvantaged community) experience substantial benefits. However, thesebenefits are
significantly smallerthanjobs generated in the Medium- (Base) Cost Scenario, in which more than 3.3
million newjobs are forecast to be generated statewide, including 475,000 jobs in Los Angeles
disadvantaged communities and 344,000 jobs in Central Valley disadvantaged communities. Inthe High-
Cost Scenario, these numbers are reduced to 247,000 disadvantaged community jobs statewide and
120,000 and 49,000 jobsin Los Angeles and Central Valley disadvantaged communities, respectively.

4.2 Electrical Vehicle Adoption

The research team estimated patterns ofelectric vehicle (EV) adoption by relying on data from the DMV,
electricvehiclerebate programs, and official sources ofhousehold income and demographic data. This
approachis consistent with recent research (ARB2017b) indicating the most importantpredictor of EV
adoptionisincome. To model future adoption, stable demographics and use predicted changes inincome
from the BEAR model are assumed with theseresults (Figure 10).For low-income households, in the
absence oftargeted programs,!7 additional income generated by energy policies has a negligible effect on

17 Governor Edmund G. Brown Jr.
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EV adoption.For relatively wealthy households, there is a small but positive increase in EV adoption in
the Base-Cost scenarios.

Figure 10: Relationship Between Census Tract Income and EVs Purchased

Additionalincomeat lowerlevels (less than $75,000) results in little additional EV purchasing, while additional income at
higher median levels has a positive effect on purchasing patterns. Dotted lines represent 95% confidence intervals.

Source: Berkeley Economic Advising and Research
Specifically, it is estimated that:

By 2030, therewill be:
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These benefits compareto about $8 billion in averageannual direct costs of mitigation policy.!8 These
estimates represent health benefits associated with reductions in GHG emissionsin only the energy
sector,yet do not quantify many ofthe other expected benefits that are known to be substantial.
Assuming, however, uniform statewide emission reductions, these benefitsare higher for
householdsin disadvantaged communities. Moreover, it is likely the total benefits to
disadvantaged communities ofthese policies are underestimated because the potential electrification of
the transportation sector cannot be fully accounted. Transportation electrification is likely to benefit
disadvantaged communities because oftheir proximity to transportation networks.19

These estimates ofhealth benefits are based on morbidity and mortality costs averted and include $581
averted per disadvantaged household and $494 averted per nondisadvantaged household.

Because disadvantaged households havelowerincomes, these gains are even moredramaticinrelative
terms, and more targeted policies could produce even greater gains.

While this study examines the health benefits associated with reducing GHG emissions in Ca
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http://www.energy.ca.gov/2017_energypolicy/

networks and
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Figure 11: Medium-Cost Scenario Avoided Premature Deaths
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CHAPTER 5:
Conclusion

This analysis of disadvantaged communities used downscaled results from the BEAR macroeconomic
model ofthe California economy. This analysis also used downscaled state-of-the-art health benefits
estimates for reductions in criteria pollutants from GHG emissions reductions. To summarize, the

analysis finds the following.

5.1 Job Creation

New job creationislargely in sectors and occupations that disproportionately employ peoplefrom
disadvantagedhouseholds, including construction, transportation, and services. This group (25% of state
population) captures 30%ofannual newjobsby 2030and 29%by 2050.

Construction and transportation jobs are related to directjob growth (jobs generated through new
investments), while servicejobs are more related to indirectjob growth (coming from savings-induced

spending).

5.2 Electric Vehicles

Electric vehicle adoption remains concentrated among wealthy households,and while the EV fleet is
expected to grow substantially, in the absence oftargeted policies, most new purchases arelikely be by
nondisadvantaged households (~90%in 2030).

Even as electric vehicle costs comedown and even if subsidies for purchasing EVs were increased, absent
policies targeting DAChouseholds directly, electric vehicle adoption is likely to remain highly
concentrated among wealthier households.

5.3 Pollution and Health in Disadvantaged Communities
Disadvantaged households are burdened by higherlevels ofcriteria pollutant exposure (25%higher PMo> 5

levels on average) and suffer from higher than average rates ofassociated diseases (55%higher asthma
rates).

Disadvantaged communities thereforebenefit disproportionately from improvements in air quality that
canreduce the mortality and morbidity costs they bear (30%ofavoided deaths and costsin disadvantaged
communities, 25% ofstate population).

However, these benefits among disadvantaged communities are unevenly distributed across the state. For
example, disadvantaged communities in areas like Los Angeles will benefit morethan disadvantaged
communities in the Central Valley because much ofthe hazardous exposure that disadvantaged
householdsin the Central Valley experienceis from diesel emissions from farm equipment, pesticide
exposure, and otherhazardsthatareless directly relatedto energy policies or vehicleemissions. That
being said, becauseofthe regional componentof GHG emissions, reducing emissionsin otherparts ofthe
state is still likely to improve air quality in the Central Valley, just not by as much as it would in placeslike
Los Angeles, wheremost ofthe emissions are generated by sources covered by these policies.
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CARB California Air Resources Board

CEC California Energy Commission

CES CalEnviroScreen

CGE Computable general equilibrium

CI Carbon intensity

CSE Center for Sustainable Energy

CVRP Clean Vehicle Rebate Project

EV Electric vehicle

FTE Full-time equivalent

GHG Greenhouse gases

GSP Gross State Product

HDV Heavy-duty vehicles

LDV Light-duty vehicles

LTES Long-term energy strategy

NAAQS National Ambient Air Quality Standards
OECD Organization for Economic Co-operation and Development
OEHHA Office of Environmental Health Hazard Assessment
PEV Plug-in electricvehicle

PM Particulatematter

RPS Renewables Portfolio Standard

VSL Value of Statistical Life

ZEV Zero-emission vehicle
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APPENDIXA:
Benefits

Figure A-1: Job Creation -2030 Low-Cost Mitigation
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Figure A-2:Job Creation -2030 Medium-Cost Mitigation
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Figure A-3:Job Creation -2030 High-Cost Mitigation
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Figure A-4: Job Creation -2050 Low-Cost Mitigation
\

1000
w
@
:‘é‘
3
£ 800
£
S
(&}
2 600
©
I=
[
>
& 400
2
[}
G
o 200
o
E
Z

0 .
0 100 200 300 400 500 600 700 800 900 1,000+
0 )
~— New Jobs Created

Source: Berkeley Economic Advising and Research



Figure A-5:Job Creation-2050 Medium-CostMitigation
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Figure A-6:Job Creation -2050 High-Cost Mitigation
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Figure A-7:Job Creation -2030 Low-Cost Mitigation (Los Angeles)
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Figure A-8:Job Creation -2030 Medium-Cost Mitigation (Los Angeles)
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Figure A-9:Job Creation -2030 High-Cost Mitigation (Los Angeles)
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Figure A-10: Job Creation -2050 Low-Cost Mitigation (Los Angeles)
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Figure A-11: Job Creation -2050 Medium-CostMitigation (Los Angeles)
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Figure A-12: Job Creation -2050 High-CostMitigation (Los Angeles)
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Figure A-13: Job Creation-2030 Low-CostMitigation (Central Valley)
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Figure A-14: Job Creation -2030 Medium-Cost Mitigation (Central Valley)
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Figure A-15:Job Creation -2030 High-CostMitigation (Central Valley)
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Figure A-16: Job Creation -2050 Low-Cost Mitigation (Central Valley)
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Figure A-17:Job Creation-2050 Medium-Cost Mitigation (Central Valley)
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Figure A-18: Job Creation -2050 High-Cost Mitigation (Central Valley)
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Electric Vehicle Adoption

Figure A-19: Additional ElectricVehicles-2030
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Figure A-20: Additional ElectricVehicles-2050
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Figure A-21: Additional ElectricVehicles
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Figure A-23: Additional ElectricVehicles
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Public Health Benefits

Figure A-25: Medium-Cost Scenario Health Benefits ($/household),2030
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Figure A-26: Medium-Cost Scenario Health Benefits (Los Angeles, $/household),2030
|

300

100 300 1,100 1,300 1,500+

L el b _J Dollars per Household

n
a
o

[
o
o

_
[=
o

Number of Disadvantaged Communities
o o
o o

Source: Berkeley Economic Advising and Research

A-13



Figure A-27: Medium-Cost Scenario Health Benefits (Central Valley, $/household),2030
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Figure A-28: Medium-CostScenario Avoided Premature Deaths (avoided deaths per
100,000 households),2030
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Figure A-29: Medium-Cost Scenario Avoided Premature Deaths (Los Angeles,avoided

deathsper 100,000 households),2030
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Figure A-30: Medium-Cost Scenario Avoided Premature Deaths (Central Valley,avoided

deathsper100,000 households),2030
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