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EXECUTIVE SUMMARY

This policy brief analyzes the job impacts of AB 32, the Global Warming Solutions Act of 2006, and
highlights the policy design options that can best promote both lower greenhouse gas emissions and
good jobs. 

Main Findings

A review of the two macro-economic forecasts commissioned by the California Air
Resources Board (ARB) of economy-wide effects in 2020 shows small overall job growth
due to AB 32. 

ARB commissioned two macro-economic computable general equilibrium models, the E-DRAM
and BEAR models, to forecast overall economic output and employment. The BEAR and E-DRAM
forecasts are high quality examples of this type of economic modeling, but such forecasts have inher-
ent limitations. With these limitations in mind, both of these models forecast small but positive
impacts on California jobs, in comparison with their Business As Usual (BAU) forecasts. The main
driver for these results is the savings to households from lower expenditures on fuel and energy due
to energy efficiency measures. The most significant savings arise from the Pavley vehicle emissions
regulations, which alone are expected to account for $11 billion in annualized savings for households
in the year 2020. 
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A review of the two macro-economic forecasts commissioned by ARB that examine specif-
ic economic sectors shows small job growth and loss by sector; but inconsistencies between
the models lend doubt to the credibility of the results. 

The E-DRAM and BEAR models are capable of forecasting job growth and job loss in all the specific
sectors of the economy. Credible estimates of sector job growth and loss are extremely important to
policymakers, because they can guide initiatives to assist displaced workers and train workers with
the skills needed for jobs in growing industries. 

Both models show small net job loss in some energy and energy-intensive industries that are direct-
ly affected by AB 32 measures, compared to the BAU scenario, and net job gain in construction and
other services, as households’ savings are spent throughout the economy. However, significant 
differences exist between the sector forecasts of the two models. For example the E-DRAM model
shows a 33 percent decline in jobs in the generation and distribution of electricity, compared to the
BAU scenario, while the BEAR model shows a 2 percent gain in this sector. These differences lend
doubt to the credibility of sector forecasts. 

The industries subject to new regulations and/or a cap-and-trade program, due to AB 32,
account for about 20 percent of California jobs, have higher than average wages and union
density, and are disproportionately filled by men and by Latinos. 

The second job impact analysis provided in this policy brief profiles the jobs in the heavy-emitting
industries subject to new ARB regulations and/or a cap-and-trade program. These include a wide
range of manufacturing industries, fuel extraction and energy generation, and waste and water serv-
ices. These industries account for over three million jobs, a full 20 percent of California’s jobs in 2006. 

These sectors also are sectors with a high concentration of well-paying blue-collar union jobs.
Private sector union density in these sectors is 16 percent, compared to 10 percent in all sectors, and
wages are $2.00 per hour more than the state average. These jobs are disproportionately filled by
men, Latinos, and workers with lower than average years of education. While only a portion (how
much cannot be determined at this time) of the jobs in the heavy-emitting industries will require
retraining, the sheer number of jobs in this group dwarfs the number of jobs in new green business-
es. This suggests the importance of addressing the training needs of the incumbent workforce, as
industries adopt changing processes and as some carbon-intensive industries face the possibility of
job loss. 

A review of available studies shows that new green jobs still account for less than 1 percent
of jobs in the California economy.

The third job impact analysis summarizes other studies of jobs associated with new green business-
es. The most comprehensive California-wide study estimates that there are currently about 3,000
green businesses in the state, accounting for about 44,000 jobs (Clean Technology and the Green
Economy, 2008). Green businesses, defined as products and services that reduce environmental
impact or improve natural resource use, are concentrated in energy generation and energy efficien-
cy services. By North American Industry Classification System (NAICS) sectors, the study finds that
36 percent of California’s green businesses are in professional, scientific and technical services; 

2 POLICY BRIEF |   Addressing the Employment Impacts of AB 32



19 percent are in construction; and 15 percent are in manufacturing. These green businesses and
jobs are likely to expand rapidly as AB 32 is implemented.

Recommendations

Overall, this policy brief supports ARB’s policy recommendations but urges ARB to take action to
protect workers and improve job quality. We recommend the following:

Need for Comprehensive Job Impact Analysis

ARB should fund in-depth research on the sectors most affected by climate change policy, including
empirical research on leakage, workforce preparedness, job training gaps, and job impacts by
detailed sector.

Cap and Trade

Cap and auction:  If California implements a cap-and-trade program, the state should have a goal
of auctioning 100 percent of the carbon allowances, to be reached after a short adjustment 
period for some key enterprises. Auctioning carbon allowances rather than giving them away for
free will prevent windfall profits from accruing to private companies. Additionally, the auction
proceeds will be needed for a variety of programs that will smooth the transition to a green 
economy for workers, low-income consumers and businesses in California.

Leakage: ARB should adopt policies to address leakage to assure that jobs don’t leave California
due to competition from regions with less stringent carbon emissions laws. Policies should be
determined after full evaluation of the costs and benefits of alternative policy options, including
output-based rebates, border adjustments, and allowance waivers. Additionally, a careful assess-
ment of the specific industries that might be affected by leakage should be carried out, because
only a limited number of industries are both energy-intensive and subject to competition from
non-California businesses.

Offsets: Offsets allow a company to invest in an emissions reduction project outside the capped
sectors instead of reducing emissions itself. Offsets should be limited to a small portion of 
covered entities’ compliance obligations, and offset projects located in California should be given
preference. This geographic preference would keep jobs and investment in California. Offset
projects should also meet job quality standards and environmental justice criteria. Offsets must
be verifiable and enforceable by a state agency.

Renewables Portfolio Standard

When the California legislature codifies the new renewables portfolio standard (RPS), language
should limit the use of credits for energy imported from out of state, in order to assure the develop-
ment of renewable energy jobs in California. 
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Public Investment

Workforce development: Investment is needed in workforce development initiatives that will
complement the most successful of the state’s already-established workforce development 
programs. Many of these are union apprenticeship programs and other high-road labor-man-
agement training partnerships. Such programs provide a tremendous asset for the green 
transition, particularly because of the key role of construction occupations in new green build-
ing, energy efficiency building retrofits, solar energy installation, and construction of renewable
energy plants. Incumbent worker training in heavy-emitting industries that must adopt new
processes to lower emissions is needed, as well as training for workers in new industries.

Worker adjustment assistance: Public investment is needed for transitional support and retrain-
ing for workers whose jobs may be lost, using the principals of trade adjustment assistance, but
with adequate funding to help workers retrain for jobs with similar compensation or create
bridges to retirement. Current forecasts predict no significant job loss due to AB 32 implementa-
tion, but protections should be in place and are likely to be low cost because of the small number
of workers who may be affected. 

Equity programs: Without adequate protections, low-income consumers and communities may
end up bearing the brunt of increased energy costs that result from the implementation of AB 32.
ARB should prioritize equity programs that would protect low-income consumers from the
impacts of higher energy prices. Investment in mass transit, residential efficiency retrofits, urban
infill, and other strategies can lower households’ energy use and vehicle miles traveled, while
promoting good jobs. 

Another equity consideration is the potential of a cap-and-trade system to exacerbate “hot spots,”
which occur when pollutants co-produced with GHGs are concentrated in specific low-income
communities. ARB should provide incentives for companies to clean up their emissions in 
low-income communities, thereby supporting environmental justice while at the same time 
creating employment in those communities.

Attaching job and training quality standards to public investment and incentives:  Public invest-
ment in green infrastructure and green training should include prevailing wage or other wage
and benefit standards, to avoid the creation of low-wage jobs. As mush as is feasible, public
investment in job creation should be linked to certified training programs, including certified
apprenticeship programs.
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ADDRESSING THE EMPLOYMENT IMPACTS OF AB 32,
CALIFORNIA’S GLOBAL WARMING SOLUTIONS ACT

INTRODUCTION

In December of 2008, the California Air Resources Board voted to approve the implementation plan
(called the “scoping plan”) for AB 32, California’s landmark Global Warming Solutions Act. This law
mandates reductions of California greenhouse gas emissions (GHGs) to 1990 levels by 2020 and to 80
percent below 1990 levels by 2050, with implementation of most provisions to begin in 2012.
California is the first state to adopt such a statewide, comprehensive plan to cut GHG emissions,
making it a model for other states as well as for the nation.

The scoping plan creates a blueprint for how to implement AB 32 but still leaves many specific 
regulations and rules to be determined before 2012, particularly with regard to design options 
within the cap-and-trade program, one of the most important components of the scoping plan. AB
32’s success in meeting its goals of reducing emissions while maintaining a strong California econo-
my will depend on the details of implementation and the design options that the California Air
Resources Board (ARB) and other California agencies choose.

AB 32 offers tremendous economic opportunities for California. With successful implementation of
AB 32, the state can become a center of green innovation and an export powerhouse for new 
technologies, products, and services. AB 32 will induce billions of dollars in private and public
investment in energy efficiency retrofits, new construction, and renewable energy generation, 
presenting growth opportunities in traditional sectors and in new markets yet to be developed.
Policymakers, in partnership with business, organized labor, and community stakeholders, can use
the economic changes brought about by AB 32 to develop a new array of well-paying jobs with good
benefits. At the ground level of the green economy, California has the opportunity to make quality
jobs accessible to low-income communities. 

The implementation of AB 32 also presents daunting challenges. Green technologies will not flour-
ish without a well-trained technical and blue-collar labor force. In the absence of careful and far-
sighted implementation, AB 32 could potentially cause serious detrimental effects: losing business to
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other regions with less stringent emissions requirements; trading well-paying jobs for new jobs of
lesser quality; creating a greater concentration of environmental damage in low-income communi-
ties; and inducing higher energy costs that disproportionately affect working and low-income peo-
ple. In the context of the current severe economic downturn, these risks are magnified as investment
funds diminish, the massive state budget deficit persists, and workers face job loss.

The goals of AB 32 are ambitious. Reaching these goals, while also avoiding the economic pitfalls and
seizing the economic opportunities of AB 32, will require careful attention by California legislators
and government agencies. But the impact of AB 32 on jobs and on working people in California has
thus far received less attention than is necessary to adequately address workforce issues. While there
has been much excitement in the news media and among politicians about the potential for creating
“green jobs” in new and emerging industries, there has been less discussion and little research—by
either ARB or independent researchers—of the impact of AB 32 on jobs in existing industries. Jobs
throughout the economy, not just in new industries, will change and may require new skills and new
investments in workforce development. Pathways to good jobs in the new green economy must be
created, and protections for workers in declining industries must be instituted. Affected industries
will include construction, energy generation, cement manufacturing, oil refining, steel production,
ventilation and air conditioning, and many more. Many of the jobs in these industries are currently
well-paying union jobs with good benefits. 

To ensure the successful implementation of AB 32 for California’s workers and its economy, policy-
makers and the public should consider the effects of AB 32 on: 

the number of jobs in California, overall and by sector; 

the skills sets needed for the workforce in growing and new industries;

the capacity of the state’s training and education infrastructure to upgrade worker skills; and

wages, benefits, and career opportunities within and across declining and growing sectors. 

To that end, the purpose of this briefing paper is to inform policymakers of what we know so far about
the expected impacts of AB 32 on jobs and workers in California, to highlight the need for workforce
development as part of the overall strategy to restructure California’s economy, and to underscore
the key policy choices that will affect job creation, job quality, workforce development, and the needs
of California workers. ARB staff and board members, other government agencies and California
elected officials will have ample time to weigh in on these issues and craft policies to ensure a smooth
transition to a new low-carbon economy during the two-year-long rule-making process when the AB
32 regulations will be developed. Additionally, the California legislature may be asked to vote on key
issues during this time period, such as appropriate uses for revenues generated by the auction of 
carbon allowances under a cap-and-trade program and guidelines for the new renewables portfolio
standard (RPS).

This report presents analyses of available data addressing: 

the estimated job growth and potential job loss by sector, using forecasts from the E-DRAM and
BEAR models, the macroeconomic models commissioned by ARB to assess the economic impact
of the scoping plan; 
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job and worker profiles in the heavy GHG-emitting sectors that will face new regulations and be
covered by the proposed cap-and-trade program, and where changes in worker skills set require-
ments are likely to be concentrated; and

a summary of the studies on jobs resulting from new green technology businesses. 

Analysis of the job impacts of AB 32 is challenging due to both data and methodological limitations,
and the results presented here address these issues only in a partial manner. Further research by ARB
and independent researchers should be conducted if policymakers are to make well-informed 
decisions about how to ensure the successful implementation of AB 32 for California’s workers and
its economy.

California has the opportunity to help shape this major restructuring of the state’s economy in a way
that reduces its carbon footprint and creates good jobs with access to training and career opportuni-
ties. This will require specific policy decisions by ARB, other local, regional, and state decision-
makers, and elected officials. It will also require transparency about and fair distribution of the costs
and benefits of climate change mitigation efforts.

Overall, this report supports the AB 32 scoping plan but urges ARB and other state and local 
decision-makers to take action to prepare California’s workforce for changes in the economy,  
protect workers who may face job loss, and promote good jobs with career opportunities. 

POTENTIAL EMPLOYMENT IMPACTS OF AB 32

This preliminary analysis presents several views of the potential job impacts of the AB 32 scoping
plan that was approved by the California Air Resources Board on Dec. 11, 2008. Further research on
job impacts is needed and should be carried out by ARB and independent researchers. We first pres-
ent results on the overall economic impact of AB 32 scoping plan measures from the E-DRAM and
BEAR models, the macro-economic models used by ARB to evaluate the impact of AB 32 scoping
plan measures on the California economy. We then drill down and present three types of job impacts
in specific sectors: 1) the estimated job growth and potential job loss for each sector, using forecasts
from the E-DRAM and BEAR models; 2) a job and worker profile of the heavy GHG-emitting sectors
that will face new regulations and be covered by the proposed cap-and-trade program, and where
changes in worker skills set requirements are likely to be concentrated; and 3) a summary of the stud-
ies on jobs resulting from new green technology businesses. Important insights for policymakers and
community stakeholders emerge from each of these views of the labor market. 

Overall Economic Impact Forecasts

ARB is required by law to evaluate the economic impact of each of its proposed measures. In the fall
of 2008, ARB reported the results of the E-DRAM and the BEAR models, which were used to assess
the overall economic impact of the scoping plan measures that will be used to meet California’s 2020
goal to reduce GHG emissions by 169 million metric tons CO2 equivalent (MMTCO2e).1 The 
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E-DRAM and BEAR models are similar macro-economic models, based on the same underlying data
and estimates of the costs of policy measures. Such models are commonly used to forecast the 
economic impact of alternative policy scenarios in a particular state or nation. The models divide the
overall economy into a large number of production and consumption sectors that interact with one
another, and can trace the effects of a policy change in one sector on the other sectors, and ultimately
the economy as a whole.

The preliminary forecasts, shown in Table 1 (below), estimate that the California economy can
absorb the costs of lowering GHG emissions to the AB 32 goals for the year 2020 without reducing
employment. Table 1 shows employment for the 2020 forecast for “Business As Usual” (BAU) and the
2020 forecast with the scoping plan policy changes.

The two models both show very small positive overall job growth due to implementation of the AB
32 policy measures, compared to the BAU forecast with no policy changes. The reason for these very
optimistic predictions is that most of the significant scoping plan measures are cost-effective 
efficiency measures, as shown in Table 2. The measures with negative costs actually illustrate 
reductions in households’ expenditures on energy. The main driver for increased employment in the
models comes from these households’ savings from energy expenditures, which are then spent on
other goods and services, increasing demand and output throughout the state economy. The single
largest source of energy efficiency savings is the Pavley light-duty vehicle emissions regulations
(which will reduce GHG emissions from California passenger vehicles), which are expected to save
households approximately $11 billion per year on an annualized basis, out of a total of the approxi-
mately $16 billion in total net annualized savings identified by the plan. 
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Table 1

Net California job forecasts for AB 32 scoping plan measures

Baseline and model forecasts Number of jobs

16,410,000*

18,410,000*

18,530,000*

18,431,000**

Source: *Climate Change Proposed Scoping Plan p. 74;  **Climate Change Draft Scoping
plan, Economic Evaluation Supplement. Appendix III, p. III -12.

2007

2020 Business as Usual Forecast

E-DRAM Forecast: 
2020 Total Jobs with 
AB 32 scoping plan implementation

BEAR Forecast:
2020 Total Jobs with 
AB 32 scoping plan implementation



The BEAR and E-DRAM forecasts are high quality examples of this type of economic modeling, but
such forecasts have inherent limitations. On the one hand, the models assume quick responses to
price signals, access to credit, and full employment of resources, including labor. As a consequence,
they do not fully capture the dislocations that can occur in specific industries and firms and that may
result in job loss for some. On the other hand, they also do not fully capture the productivity improve-
ments from future technological innovations that may lower energy use over time. 

The models were reviewed both by a peer review panel of economists and by the California
Legislative Analyst’s Office.2 These reviews criticize the forecasts for a variety of reasons, while
acknowledging that they are high quality examples of this kind of economic model. The critiques
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Table 2

Scoping plan’s greenhouse gas (GHG) emissions reductions,
by sectora

Transportation

Electricity

Industry

High global warming potential gases

Commercial and residential

Recycling and waste management

Forests

Subtotals

Regional cap and trade

Totals

225.4

139.2

100.5

46.9

46.7

7.7

—

596.2

—

596.2

62.4

45.3

1.4

20.3

4.4

1.0

5.0

139.8

35.0

174.8

–$14,047

–1,191

–60

129

–470

52

50

–$15,537

—

–$15,537

Sector
Business-as-Usual

GHG Emissions

Scoping Plan 
GHG Emissions

Reductions
Net Annualized
Cost/Savingsb

(GHG emissions in MMTCO2E in 2020)
(Dollars in Millions)

a Does not include 7.8 millions of metric tons of carbon dioxide equivalents (MMTCO2E) of reductions in water and agricultural 
sectors, because water reductions are accounted for in business-as-usual scenario and agricultural reductions are voluntary.

b Negative dollar amounts represent net savings.

Source: California Legislative Analyst’s Office Critique of the AB32 Scoping Plan Economic Analysis, p. 6

2 See the LAO Critique of the AB 32 Scoping Plan Economic Analysis, http://www.lao.ca.gov/2008/rsrc/ab32/
AB32_scoping_plan_112108.pdf, and Peer Review of the Economic Supplement to the AB 32 Draft Scoping Plan: Major Peer
Review Comments and Air Resources Board Staff Responses, http://www.arb.ca.gov/cc/scopingplan/document/
appendix2.pdf



include doubts about the optimistic estimation of cost reductions due to energy efficiency measures,
inadequate transparency and sensitivity analysis, and other deficiencies. 

While the models may not forecast the future completely accurately, they do represent the best 
forecasts we have. Overall, they suggest that for the 2020 goals, the California economy is strong
enough to absorb the costs of climate solutions policies and there is ample room to pick “low 
hanging fruit”—low-cost ways to lower GHG emissions—without hurting the economy. The models
do not address the much more significant economic restructuring and behavioral changes that will
be necessary to achieve the goals for 2050. 

It should also be noted that even with a very low-cost transition to lower GHG emissions, it may be
that the efforts in California and elsewhere will not be enough to stop global warming, which will
necessitate a variety of major new public investments to help the state adapt to higher ocean waters,
droughts, flooding, wildfires, and other environmental problems that disrupt economic activity. 

Sector Forecasts

The E-DRAM and BEAR models are also capable of forecasting job growth and job loss in all the 
specific sectors in the economy. Credible estimates of sector job growth and loss are extremely
important to policymakers, because they can guide initiatives to assist displaced workers and train
workers with the skills needed for jobs in growing industries. Macro-economic models like the 
E-DRAM and BEAR models are uniquely able to trace job changes not only in industries directly
affected by AB 32 measures, but also in industries that are indirectly affected. Indirect impacts occur
in industries that supply inputs or purchase goods and services from the directly regulated sectors.
In addition, indirect effects (sometimes called induced effects) occur in other sectors due to 
changing demand patterns, as household incomes change due to changes in the prices of goods and
services impacted by AB 32 measures. These indirect and induced impacts are as important as the
direct impacts.

Table 3 (pp. 11–13) shows 2006 employment by sector, and the forecast for employment by sector in
2020 for “Business As Usual” (BAU)—i.e., the forecasted employment without the implementation of
AB 32. It then shows the forecasts for 2020, from the BEAR and E-DRAM models, of the change in
employment by sector induced by the AB 32 policy measures.3

Comparing the number of jobs in 2006 to the forecasts for 2020 due to the implementation of AB 32,
the E-DRAM model shows an absolute decline in jobs only in the electricity (10,600 fewer jobs), 
natural gas (4,336 fewer jobs), oil refining (585 fewer jobs), and automobile manufacturing sectors
(285 fewer jobs). The same comparison yields less job loss in the BEAR model, with no job loss in the
electricity or fuels sectors, and only several hundred fewer jobs in the electrical appliance and auto
sectors. 
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3 The results of the E-DRAM and BEAR models are not strictly comparable because the measures that the BEAR model eval-
uates differ in very small ways from the final scoping plan measures that are evaluated in the E-DRAM model. In addition,
our estimates for the number of jobs in the BAU case is higher than that estimated in the E-DRAM model, because we start
with a larger 2007 baseline job estimate due to our inclusion of self-employed workers. However, these differences are very
small and the comparisons still reveal the basic differences between the two models’ results.
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Comparing the 2020 “ Business As Usual” (BAU) forecast with the AB 32 scoping plan measures 
forecast, predicted job losses in energy are the most significant in the E-DRAM model, but job loss,
though small, does spread to other sectors in the economy. In the BEAR model, oil and gas extrac-
tion and refining are hardest hit, while electricity and natural gas distribution actually grow, and job
loss is minimal in other sectors.

The sectors experiencing the largest job growth for both models are construction and various 
service sectors. The E-DRAM model also predicts that agriculture will grow by about 20,000 jobs.
Illustrating how the model transmits the measures throughout the economy, certain service sectors
like education show marginally higher growth under the policy measures, while others such as 
medical services and financial services grow, but at a slower rate under AB 32 than they would with
no policy implementation.

Unfortunately, the discrepancies between the models undermine the credibility of either model's
predictions of job loss or gain by sector. While the overall net job gain is similar when all the sectors
are aggregated, the differences in the models are much more pronounced at the disaggregated level.
Since the models are based on the same data sources and same cost estimates of the AB 32 measures,
it is clear that specifications within the models can make a large difference in the results. 

Given the discrepancies between the two models, ARB should dedicate resources for more in-depth
analysis of the impact of AB 32 policy changes on employment in specific sectors. This should
include a sensitivity analysis to understand the source of the discrepancies as well as a more detailed
analysis of employment and linkages in key sectors. Both job growth opportunities and threats of job
loss may occur within sectors and be masked by modeling at this level of aggregation.

Job Characteristics of Heavy-Emitting Industries

An important component of understanding the employment impacts of AB 32 is a detailed job and
worker profile in industries that will be affected. ARB has identified the industrial sectors that are
heavy emitters of GHGs, and will be subject to new emissions standards. The AB 32 scoping plan 
proposes major new regulations on energy extraction, generation, and transmission, construction,
and transportation. In addition, it proposes a cap-and-trade program to cover these sectors as well
as other manufacturing sectors. It also proposes energy audits and mandatory investments in cost-
effective energy efficiency measures for major industrial facilities that emit more than 0.5 MMTCO2e
of GHGs per year. Further regulations on manufacturing are expected over the next several years.
While indirect impacts of the AB 32 policies will be felt in other industries, as noted above, an in-
depth analysis of the directly impacted industries is both critical and possible given available data.

This section presents the job and worker characteristics in these heavy-emitting sectors using the
Current Population Survey and the Quarterly Census of Employment and Wages. The analysis
demonstrates that jobs in the affected sectors are largely well-paying, blue-collar, mid-skill-level
jobs, in sectors with much higher than average union density. The high-emitting industries are the
industries where changes in skills set requirements—necessitating worker retraining—are likely to
be concentrated. In addition, within these sectors, businesses that adapt quickly to the new regula-
tory environment and new market opportunities will be positioned to grow; those that do not may
decline. 
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Table 4 (page 16) shows employment levels in the 24 industry categories identified by ARB as heavy
emitters. These industries account for over three million jobs, about 20 percent of all California jobs.
As shown on Table 4, construction, agriculture, electronics manufacturing, and warehousing and
transport services account for the largest number of jobs in heavy-emitting sectors. These will all be
affected by the scoping plan mandatory regulations or the cap-and-trade program, with the excep-
tion of non-dairy agriculture. Dairies will be required to regulate methane emissions. Non-dairy 
agriculture will be affected by regulation of agricultural equipment but otherwise only relatively
minor, voluntary measures. For the following analysis of job and worker characteristics, we include
dairies, but exclude the rest of agriculture. 

Jobs in heavy-emitting industries affected by AB 32 are largely high-wage, heavily unionized, 
blue-collar jobs. Nearly 60 percent of the workers in heavy-emitting industries are in blue-collar or
service occupations, compared to only 38 percent for all workers in California, and nearly one-third
of the blue-collar and service workers are employed in heavy-emitting industries. Graph 1 (page 17)
shows that on average, jobs in heavy emitting industries (excluding agriculture) pay $19.52 per hour
compared to a California average of $17.58. 

When wages of all jobs except professional and managerial occupations are compared, the wage 
differential between heavy-emitting industries and other private-sector industries is even more 
significant,4 as shown in Graph 2 (page 18). Wages average $16.49 for these “working-class” 
occupations in heavy-emitting industries, compared to $13.93 in working-class occupations for all
California industries. 

Union density in heavy-emitting industries is almost 50 percent higher than union density in the pri-
vate sector in California overall. Graph 3 (page 19) shows that 15.6 percent of workers are unionized
in the heavy emitting industries, compared to 10.5 percent for all California private sector workers. 

Graph 4 (page 20) illustrates the union density for specific heavy-emitting industries. Higher union
density in the heavy-emitting industries is concentrated in utilities; construction; transportation; oil
and gas refining and extraction; cement; and water, waste, and sewage. 

Workers in heavy-emitting industries are also more highly concentrated in low- and mid-skilled
occupations, and have lower levels of educational attainment, than California workers as a whole.
Sixty percent of workers in heavy-emitting industries are blue-collar or service workers, compared to
only 38 percent for all California workers, as shown in Graph 5 (page 21). Fifty-one percent of 
workers in heavy-emitting industries have no greater than a high school education, while for
California as a whole, 37 percent of workers have no more than a high school education, as shown in
Graph 6 (page 21).

Male workers clearly dominate these industries, making up 75 percent of workers compared to 55
percent of workers in the California economy as a whole (Graph 7, page 22). Graph 8 (page 22) shows
that Latinos are also over-represented, comprising 40 percent of workers in heavy-emitting 
industries, compared to 31 percent in all sectors.
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Heavy-emitting industries

Construction—residential

Agriculture, livestock, fisheries

Construction-—non-residential

Electronics & computer manufacturing

Warehousing & transport services

Food & beverage manufacturing

Metal & metal fabrication

Trucking

Pharmaceutical, chemical, cosmetics

Construction—infrastructure & utilities

Printing & publishing

Water, waste, sewage

General machinery 

Electricity & gas distribution

Aerospace 

Wood & glass manufacturing

Vehicle & ship manufacturing

Air transportation

Textiles & leather manufacturing

Dairy production

Cement, concrete, non-metallic minerals

Vehicle transportation

Public transit

Pulp & paper manufacturing

Oil & gas extraction & refining

Forestry, logging, mining

Rail, water & other transportation

Refrigeration & air conditioning 

Heavy emitters w/o agriculture, livestock, fisheries

Heavy emitters with agriculture, livestock, fisheries

All CA jobs

CA jobs

690,000 

400,000 

390,000 

370,000 

350,000 

200,000 

170,000 

150,000 

120,000 

100,000 

80,000 

80,000 

70,000 

70,000 

70,000 

50,000 

50,000 

50,000 

40,000 

30,000 

30,000 

30,000 

30,000 

30,000 

20,000 

20,000 

20,000 

10,000 

3,290,000

3,690,000 

17,400,000

19%

21%

100%

% of CA jobs

Source: 2006 Quarterly Census of Employment & Wages, CPS

Table 4

Employment levels in heavy-emitting industries
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Graph 1

Median wages for workers in heavy-emitting industries
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Graph 2

Median wages for non-professional workers in heavy-emitting
industries
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In summary, the heavy-emitting industries that will be subject to new emissions limits under AB 32
are in key manufacturing, construction, and energy industries in which well-paying, blue-collar jobs
are concentrated. These industries have been an important path to the middle class for a significant
portion of California's working class, particularly its male, Latino, and less educated workers. 

These industries also have high union density, important not only because of the resulting high
wages and good benefits, but also because unions are important institutions that can play a signifi-
cant role in retooling their industries to reduce emissions. The apprenticeship infrastructure in
California is a tremendous asset that can help the state respond quickly to changing skill needs in
many of these industries. In addition to the job changes that may take place in the heavy-emitting
industries, there is also the possibility of creating new jobs, especially in manufacturing, if renewable
energy plants and their component parts manufacturing are encouraged to locate in the state.
California has the opportunity to be a national headquarters of the new energy economy, fueled by
the state's research and engineering infrastructure, strong apprenticeship infrastructure, and the
emerging consensus among stakeholders, including organized labor, for the need for strong state
action to promote the green transition. 

This analysis also reveals that more industry-specific and occupational research is greatly needed.
The available data on jobs in the heavy-emitting industries do not bring to light the kinds of 
re-skilling that may be necessary as these industries lower their emissions. For example, switching to
cleaner trucks may not change truck driver jobs but will certainly require new skills in truck 
manufacturing and truck repair and maintenance. Detailed occupational analyses that provide a
comprehensive picture of changing skills set requirements will be necessary to guide the state,
unions, and training and educational institutions so that California workers can help create a strong
green economy.
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Graph 3

Union density in private sector firms
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Graph 4

Union density in private firms for heavy-emitting industries
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Graph 5

Occupational type of workers in heavy-emitting industries v. all CA jobs
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Graph 6

Educational degrees of workers in heavy-emitting industries v. all CA jobs
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Graph 7

Gender of workers in heavy-emitting industries v. all CA jobs
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Graph 8

Race and ethnicity of workers in heavy emitting industries v. all CA jobs
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Green Technology Job Growth

The third job impact analysis summarizes what we know about jobs resulting from green 
technology businesses, using a narrow definition of green jobs in firms that sell a product or service
that has a positive impact on the environment.5 Though the growth of green jobs, narrowly defined,
has received a large amount of attention from policymakers and the media, it represents a tiny 
fraction of the overall jobs that are affected by climate change policy, at least in the short run. 

The jobs we focus on here are in the industries and businesses that are growing in response to new
market opportunities associated not just with AB 32 or other mitigation policies, but also with 
consumer preference changes, energy price changes, innovation, and other market opportunities.
Emerging green businesses and green jobs are related to AB 32, because particular measures that are
implemented to meet the AB 32 GHG reduction goals may spur the growth of certain green 
businesses and green jobs. For example, ARB proposes increasing the renewables portfolio standard
(RPS) to 33 percent, a policy that will spur the creation of more businesses and jobs in renewable
energy generation like solar energy. ARB is also proposing new energy efficiency standards for 
residential and commercial construction, which will likely lead to the creation of new “green” 
construction jobs. 

Many analysts of green jobs focus only on these new green jobs, which, as we will see, account for far
fewer jobs than the larger set of industries that will change as a result of AB 32 regulations and 
policies. While still a very small portion of jobs in California, these jobs are clearly growing here—and
around the world. Venture capital is increasingly directed toward investments in clean tech compa-
nies. According to the Cleantech Group, LLC, “clean tech” venture capital investments in California
reached more than $1.7 billion in 2007. 

There is strong evidence that clean energy production, including solar, wind, and biomass, is much
more labor-intensive than the fossil fuel-based energy sector per unit of energy delivered (Putting
Renewables to Work: How Many Jobs Can the Clean Energy Industry Generate? 2004; Renewable
Energy Demand: A Case Study of California, 2006). A recent report by the Center for Energy Efficiency
and Renewable Technology reports that, under every methodology examined, development of the
state's abundant renewable energy resources—solar, wind, geothermal, and biomass—would create
more than six times as many jobs as continued reliance on fossil fuels like coal and natural gas
(Harvesting California's Renewable Energy Resources: A Green Jobs Business Plan, 2008). 

Energy efficiency measures are thought to be even more labor-intensive (Ehrhardt-Martinez and
Laitner, 2008). A study by the Center on Wisconsin Strategy, Workforce Alliance, and Apollo Alliance
(Greener Pathways: Jobs and Workforce Development in the Clean Energy Economy, 2008) estimates
that eight to eleven direct jobs are created per $1 million invested in retrofitting buildings for energy
efficiency. The energy efficiency measures that are part of AB 32 's scoping plan could end up 
creating many new jobs in the emerging green economy. 

One of the most comprehensive study to date that quantifies how many green jobs currently exist in
California and in which industries those jobs are located is Clean Technology and the Green Economy:
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have not been assigned an industry code, this is unavoidable.



Growing Products, Services, Businesses and Jobs in California's Value Network, which was published
by the California Economic Strategy Panel in March 2008. In the study, the authors identify and 
compile a list of green businesses in California by using green business association documents, the
National Establishment Time Series (NETS) database, and other resources. They then match these
businesses with other information on the industries they are in and derive an estimate of the 
number of jobs these green tech businesses account for, and where they are located. The study
defines a green business as one that lowers performance costs, reduces or eliminates negative 
ecological impact, and improves the productive and responsible use of natural resources. It looks not
only at green “products” but also at the products' associated chains of suppliers, distributors, and
service providers. 

The study finds that there are 43,746 jobs in 3,085 green businesses in California, about one-quarter
of 1 percent of California jobs in 2006. The study identifies the following green industry segments:
energy generation, energy efficiency, transportation, green building, energy storage, environmental
consulting, water and wastewater, finance/investment, environmental remediation, air and environ-
ment, business services, research and alliances, agriculture, recycling and waste, materials, and
manufacturing/industrial. 

By green industry segment, the study finds that California's green businesses are primarily in energy
generation and energy efficiency. The energy generation sector accounts for 43 percent of
California's green businesses. Energy generation includes businesses with primary activities in 
manufacturing, design, installation, system management, and consulting, as well as various business
services and associations focused on energy generation or specific forms such as solar or wind.
Within the energy generation sector, solar energy generation comprises 64 percent of the businesses
and 53 percent of employment. 

The energy efficiency sector makes up 31 percent of green business in California. Within the energy
efficiency sector, 40 percent of businesses are in energy conservation consulting. The bulk of
employment within the energy efficiency sector is in the manufacturing, design, and sales of 
low-wattage or zero-wattage lighting products. 

The study also looks at how California's green businesses and jobs are distributed across industry
sectors according to the North American Industry Classification System (NAICS). It finds that 36 
percent of California's green businesses are in professional, scientific, and technical services; 19 
percent are in construction; and 15 percent are in manufacturing. 

By region, the majority of green businesses and green jobs are found in the San Francisco Bay Area
and Southern California regions. Green building and green finance/investment businesses are more
numerous in the Bay Area region. Energy efficiency and energy storage businesses are more 
numerous in the Southern California region. Transportation is equally distributed across the two
regions with some activity also taking place in the Southern Border region. 

Another study with California-wide data looks at green jobs in the metropolitan regions of California
and other states. Using a similar but not identical definition of green jobs, it  estimates that there are
approximately 73,000 green jobs in 26 large and small metropolitan areas in California (Current and
Potential Green Jobs in the U.S. Economy, 2008).
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A number of regional or industry-specific studies tell similar stories. A study of Los Angeles by the
Economic Roundtable (Jobs in L.A.'s Green Technology Sector, 2006) found that the most common
industry classifications for green technology jobs were professional, scientific, and tech services;
construction, including solar power; and manufacturing. A study of Berkeley, California (in the Bay
Area region) (Green Collar Jobs: An Analysis of the Capacity of Green Businesses to Provide High
Quality Jobs for Men and Women with Barriers to Employment, 2007) identified specific positions for
which green businesses expressed a need, including skilled carpenters and finishers, certified solar
electric installers, and journeyman electricians, and concluded that many of the jobs could be 
accessible to individuals with barriers to employment. The Environmental Defense Fund's Green
Jobs Guidebook (EDF, 2008) documents over 200 green occupations, detailing the pay, skill and 
education requirements. The Centers of Excellence, which are part of California's community college
system, have also carried out a number of green jobs studies, looking at the solar industry in
California (California's Solar Industry Workforce, Preview of Key Findings, 2008), green construction
in L.A. County (Green Construction, 2007), green jobs in the Central Valley (Green Economy
Workforce Study, Central Valley Region, 2008), and energy efficiency occupations in the San
Francisco Bay Area (Energy Efficiency Occupations At A Glance, 2007). All of these studies found that
job growth is expected in these industries. These studies all contribute to our growing understand-
ing of green jobs in California, but each defines green jobs differently, and most use a narrow 
definition of green jobs that excludes the jobs in the heavy-emitting industries that will be 
transformed due to climate mitigation policy.

Recently, a number of studies have also estimated the impact of economic stimulus packages on the
creation of green jobs. A recent study by Pollin, Garrett-Peltier, Heintz and Scharber estimates that a
$100 billion federal investment in a national “green recovery program” would produce about 235,000
jobs in California. Their analysis assumes that California would receive $12.7 billion in funds for
retrofitting buildings, investing in mass transit and freight rail, building a smart grid, and investing in
solar, wind, and biofuels.   

In the final analysis, AB 32 will, over time, significantly impact jobs in California. It will create oppor-
tunities for job growth in the construction trades, including in retrofitting and building new 
buildings, in building the infrastructure for renewable energy, and in efficiency improvements in
manufacturing. Job loss is predicted to be small or may not occur, and dislocations can be managed
with targeted assistance programs. Much further research is needed to determine the specific 
industries and businesses where energy efficiency measures will change jobs significantly, resulting
in the need for private and public investment in retraining and new skill development. The workforce
and economic changes that will come with AB 32 create tremendous opportunities for policymakers
to shape the green transition so that it reduces emissions and benefits working families. 

CONCLUSION AND RECOMMENDATIONS: TOWARD AN EQUITABLE
TRANSITION

California is on the brink of a major economic transition as it confronts the real need for reducing
GHG emissions. The specter of coastal flooding, ongoing drought, and increasingly uncontrollable
wildfires in California has led to a consensus that the cost of unchecked climate change is much
greater than the cost of reducing emissions. California also suffers from an economic structure char-
acterized by the growth of low-wage jobs and inequality. The state's landmark global warming 
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legislation, AB 32, will reshape not only the energy industry, but the whole California economy, offer-
ing an opportunity to redirect the state's future economic development. California's leadership in
reducing GHG emissions positions the state to create a new engine of growth through reinvestment
in California industries and promotion of exports to the rest of the country and the world.

The preliminary jobs analysis presented in this briefing paper points to the necessity of specific
actions that ARB, other government agencies and California elected officials should take to address
the job impact opportunities and challenges that will emerge as climate change mitigation strategies
are implemented. 

This report supports ARB's overall policy recommendations but urges greater emphasis on the need
to prepare California's workforce for the coming job transitions, thereby enabling successful 
implementation of low-emitting technologies and processes. In addition, ARB and other California
agencies and elected officials should more explicitly consider the needs of workers and their 
families, and ensure that the costs and benefits of the transition are both equitable and transparent.
California policymakers should promote policies to ensure that as new jobs replace old jobs, wage
and benefit standards are not eroded. An emphasis should be placed on  public investment 
strategies, which can be funded in part or wholly from cap-and-trade revenues, provided the 
cap-and-trade program is designed with appropriate safeguards. 

Recommendations

Job Impact Analysis

ARB should analyze the impact of its proposed measures on jobs and workers. Thus far, ARB has not
invested sufficient resources in research on job impacts. The macroeconomic models being used by
ARB to analyze the California labor market are not currently adequate to address the fundamental
questions about job growth, job loss, and job transformation. ARB should improve the job and 
worker impact analysis in the macroeconomic models, and should commission sector-specific 
studies of the key sectors that will be affected by scoping plan measures—particularly energy, 
construction, transportation, and some of the heavy-emitting industries such as cement. ARB should
also commission studies to help guide the state in workforce preparedness as AB 32 transforms
California's industries and businesses. Since the impact on jobs in California is dependent on the
Western Climate Initiative negotiations and how California integrates with the WCI, ARB should also
work with the WCI to improve its analysis of employment and job impacts in the WCI region.

Cap and Trade

ARB's scoping plan proposes a multi-industry cap-and-trade program, to be developed over the next
several years in conjunction with the development of the Western Climate Initiative's cap-and-trade
program. Many details of the structure and implementation of the cap-and-trade policy will be
developed by ARB during a rule-making process over the next two years. 

Cap-and-trade programs are a major thrust of climate change mitigation strategies in the U.S. and
elsewhere, but are still relatively untested, and, where tested, have had mixed results. To ensure a
successful cap-and-trade program that has economic benefits as well as environmental benefits, we
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recommend that the following safeguards be included to maximize the benefits to workers and their
communities. 

Cap and auction: Within a cap-and-trade policy, one of the most important decisions to be made
is whether the government gives carbon allowances away for free to firms already emitting GHGs,
whether it auctions the allowances for a fee to the highest bidder, or whether it uses some mix of
the two approaches. This report recommends that California have a goal of 100 percent auction
of the carbon allowances, to be reached after a short adjustment period for some key enterpris-
es. Auctioning the carbon allowances will prevent windfall profits from accruing to private 
companies. And, more importantly, the auction proceeds will be needed for a variety of programs
that will smooth the transition to a green economy for workers, low-income consumers, and
businesses in California. (See Public Investment section, below.)

Leakage: Leakage refers to a situation in which jobs and carbon emissions leave California if 
production relocates to other states—or countries—that have less stringent GHG emissions 
regulations. In order to ensure that leakage does not occur, ARB should explore various policies
to prevent leakage and its potential to undermine both environmental and economic goals. This
report does not recommend one particular policy to address this problem, but urges ARB and
others to study such policies as output-based rebates and border adjustments, among others.

Offsets: Offsets allow a company to invest in an emissions reduction project outside the capped
sectors—such as a reforestation project that can capture carbon—instead of reducing emissions
itself. One of the main policy choices is whether offsets should be limited to the geographical area
of the cap-and-trade program. For example, should companies be allowed to invest in a biofuel
company in Brazil as part of a cap-and-trade program seeking to reduce emissions in California?

This report recommends that offsets be limited to a small portion of covered entities' compliance
obligations and that offset projects located in California be given preference. This geographical
preference on offsets would keep jobs and investment in California. Offset projects should also
meet job quality standards and environmental justice criteria to ensure the maximum 
co-benefits to the people of California. Offsets must be additional, verifiable, and enforceable by
a state agency. 

Renewables Portfolio Standard

ARB's scoping plan proposes that California's Renewables Portfolio Standard (RPS) be increased to
33 percent by 2020. The RPS requires that California utilities generate a certain amount of electricity
from renewable resources. Renewable resources include wind, solar, geothermal, small hydroelec-
tric, biomass, and biogas.

The California legislature will need to vote to codify the new RPS. In doing so, it has the opportunity
to make sure the RPS is as beneficial as possible for California workers. Possible strategies are 
requiring that a certain amount of the renewable energy be produced in-state and attaching wage
and training standards to jobs associated with renewable energy providers. (See section on Attaching
Job and Training Quality Standards to Public Investment and Incentives, below.)
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Public Investment

The transition to a carbon-constrained economy will require both private and public investment. A
cap-and-trade program under which the carbon allowances are auctioned by the state can help
defray many of the public investment expenses. Even a modest cap-and-auction program can gen-
erate several billion dollars annually in revenues that can help businesses, workers, and households
change their practices. ARB should create a clear process to set priorities for the use of these new 
revenues. There is consensus that they should be used to develop and disseminate new technologies
that lower carbon emissions and for investments in permanent emissions reductions by emitters.
This report also recommends the following investments and investment strategies: 

Workforce development: The transition to an economy that limits GHG emissions will require a
significant restructuring of many of California's key industries as they adopt cleaner technolo-
gies. Retooling California's workforce training and education infrastructure is clearly important
to ensure an adequate supply of trained (and retrained) workers for new and restructuring 
industries. The analysis presented in this report shows that a large portion of job growth in the
green economy will occur in mid-skilled occupations where vocational, community college, and
work-based training programs are essential. 

New investment in workforce development should build on and complement the existing 
workforce development system—particularly the union apprenticeship infrastructure—rather
than substitute for it. Many of the state's most successful workforce development programs are
union apprenticeship programs or other high-road labor-management training partnerships.
These represent a tremendous asset for the green transition, particularly because of the key role
of construction occupations in new green building, energy efficiency building retrofits, solar
energy installation, and construction of renewable energy plants. Apprenticeship programs, in
addition to high school and community college vocational educational programs, should be the
focus of the state's workforce development strategy for the green transition. 

Worker adjustment assistance: Overall, job loss resulting from AB 32 is expected to be quite small
in California, mostly because California's economy is less based on fossil fuels and dirty 
manufacturing than are the economies of many other states. Job losses in fossil fuel and other
industries can be addressed by generous transition programs that will be affordable because of
their small scale. Just as the Trade Adjustment Assistance Program was set up to help workers
whose jobs were eliminated by increased imports after trade agreements like NAFTA went into
effect, so there should be a climate adjustment assistance program to support and provide
retraining for displaced workers. 

The AFL-CIO developed strong worker protection language for national cap-and-trade policy
proposals that are expected to be revived under the new administration in 2009. This language
included income and training supports for workers as well as bridges to retirement for workers
near retirement. A similar policy should be adopted as part of the AB 32 regulations.

Equity programs: Without adequate protections, low-income consumers and communities may
end up bearing the brunt of increased energy costs that result from the implementation of AB 32.
ARB should prioritize equity programs that would protect low-income consumers from the
impacts of higher energy prices. Such programs might include income-based rebates, similar to
the earned income tax credit, that compensate low-income families for high energy costs while
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maintaining the price incentive to economize on energy consumption. They might also include
home and building weatherization and energy efficiency retrofits, mass transit, urban infill, 
innovative financing, and other strategies that can lower households' energy use and vehicle
miles traveled, while promoting good jobs. 

These policies will benefit low-income consumers who otherwise may be unable to lower their
energy use because they are unable to make the up-front investments (for example, by buying a
more fuel-efficient car or retrofitting a home). Though many of these interventions depend on
actions at the local level, ARB should set robust goals for local community action and provide
incentives that can be financed by revenues from a cap-and-auction program. 

Another equity consideration is the potential of a cap-and-trade system to exacerbate “hot spots,”
which occur when pollutants co-produced with GHGs are concentrated in specific low-income
communities. Under a cap-and-trade system, companies may choose to buy carbon allowances
rather than reducing their emissions at sites that are expensive to abate. The AB 32 regulations
should provide incentives for companies to clean up their emissions in low-income communi-
ties, thereby supporting environmental justice while at the same time creating employment in
those communities.

Attaching job and training quality standards to public investment and incentives: Pubic 
investment in green infrastructure and green training should include standards for wages and
benefits as well as for training programs. A set of policy tools exists to ensure that investments in
public infrastructure are carried out by skilled workers and provide some floor for wages and
benefits. These include prevailing wages, state-approved apprenticeship job training standards,
project labor agreements, and best value contracting. They also include criteria for structuring
public investment to prioritize industry projects that include labor-management partnerships, as
was part of the national Green Jobs Act language. 

In sum, AB 32 will help slow global warming and at the same time generate enormous opportunities
for California and its working families. California’s initiative in GHG reduction has the potential to
create a green economic engine by fostering leading-edge technologies, processes, and products that
can be exported to the rest of the world. 

Policymakers and ARB must consider the important contribution to this endeavor that workers will
make by putting these new technologies and processes into use. As a state, we must invest in our
workforce as well as in our technology. We must also make sure that the costs and benefits of the
green economy are distributed equitably so that as a community we can move forward to solve the
problem of global warming. 
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