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This report is part of a series of research studies into alternative climate, energy, and 
resource policy options for the California economy. In addition to disseminating original 
research findings, these studies are intended to contribute to policy dialogue and public 
awareness about environment-economy linkages and sustainable growth.  

For this project on Incomes, Employment, and California Climate Policy, financial 
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research assistance by Samuel Heft-Neal, Ian Horton, Fredrich Kahrl,  Sam Shaw, and 
Ryan Triolo.. 

F. Noel Perry, Sarah Henry, Morrow Cater, Chris Busch, Adam Rose, and many 
other colleagues offered helpful insights and comments. Opinions expressed remain 
those of the author, however, and should not be attributed to his affiliated institutions. 



Roland-Holst | AB32 Assessment iii 
!
!

Executive Summary 

This report provides an economy-wide assessment of how California’s Global 
Warming Solutions Act (AB32) will affect patterns of state economic growth, 
employment, and income.  We used the Berkeley Energy and Resources (BEAR) 
macro-economic model to simulate AB32 Scoping Plan implementation and consider a 
variety of alternative schemes for auction/allocation of emissions permits and recycling 
of revenues accruing from these. 

Since its passage in 2006, California’s climate initiative, has aroused global 
attention. Within the state, it is widely acknowledged that GHG policies already 
implemented and under consideration will have far reaching economic consequences. 
Both public and private institutions have expressed an urgent interest in better 
understanding this issue. While no substantive mitigation policy can be without some 
direct and indirect costs, the benefits from greater energy efficiency, reduced 
vulnerability to fossil fuel price spikes through greater use of clean energy alternatives 
and a more diverse energy system, and improved environmental conditions can 
significantly outweigh these. Thus responsible climate action assessment requires 
consideration of both the magnitudes and composition of adjustment costs and benefits.  

The main goal of this work is to strengthen the basis of evidence in this area, 
particularly to contribute independent research to the policy dialog how to sustain and 
propagate the benefits of a more carbon-efficient future. The focus of this study is on 
pollution rights allocation choices and in particular the efficiency and equity tradeoffs 
these entail as well are their macroeconomic implications.  Seven salient insights 
emerge from our economic analysis: 
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Table ES 1: Main Findings 
 

 

AB32 Assessment 
One of the most advanced examples of such independent climate policy research 

capacity is the Berkeley Energy and Resource (BEAR) model. BEAR is a detailed and 
dynamic economic simulation model that traces the complex linkage effects across the 
California economy as these arise from changing policies and external conditions. The 
research summarized below is part of a larger effort to assess the long term implications 
of AB32 for the California economy. 

1. Aggregate effects of AB32 on the California economy are very modest; 

amounting to less than three months deferred growth across a decade. 

2. Households experience energy efficiency gains that reduce total energy 

expenses. In other words, the policy as written has a small positive net cost 

to the overall economy, but a significant negative net cost in terms of 

energy expenses to households. 

3. Scalable permit auctions can facilitate adjustment, without compromising 

long term climate goals, employment, or equity. In particular: 

a. Auctioning permits and distributing the revenue to households (Cap 

and Dividend) reduces the aggregate cost of climate policies and can 

increase statewide employment. 

b. Returning permit revenues to households with tax reductions is better 

for growth and total employment than equal per capita lump sum 

transfers.  

4. Free allocation of permits might reduce adjustment costs for individual 

polluting industries, but it increases costs for the population of California. 

5. Modest autonomous innovation and efficiency responses to AB32 would 

deliver significant growth dividends across the state. 
6. The estimated risk of “leakage” posed by AB32, either in terms of job 

losses or pollution transfers, is negligible. 

7. AB32 will reduce aggregate criteria pollution, but might change its 

composition in ways that justify complementary, localized mitigation 

efforts. In all cases, however, the impacts are very modest. 
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After its initial contribution to CARB’s Scoping Plan (Roland-Holst: 2007a)., the BEAR 
project was involved for several months in a collaborative model comparison exercise 
with ARB. This activity entailed comparison of results from BEAR, ARB’s own EDRAM 
model, and the MRN-NEEM model developed by the Electric Power Research Institute 
(EPRI) and Charles Rivers Associates (EPRI:2007). The point of the exercise was to 
appraise California climate policy from a variety of perspectives, using the models most 
closely associated with various stakeholders in the policy process. To facilitate results 
comparison, ARB set forth a uniform set of policy scenarios, in each case involving a 
combination of the leading CAT policies and market oriented carbon cap measures that 
would be designed to make up the difference between CAT mitigation and the state’s 
official goals for GHG reduction.  

For the present assessment, we build on this experience to elucidate the revenue 
management, or fiscal characteristics of AB32, with careful attention to both the 
timepath of implementation and impacts on income distribution. Figure ES 1 illustrates 
the path of Cap and Trade implementation, as set forth by CARB. The intertemporal 
complexity of this rulemaking may create complex incentives and structural 
adjustments, and for this reason we incorporate it explicitly in the BEAR dynamic 
analysis. 

Figure ES 1: Schematic Timepath for Emissions Cap Implementation 

 

Source: CARB (2009) 
 



Roland-Holst | AB32 Assessment vi 
!
!

To model the implementation of  the anticipated Cap and Trade rulemaking explicity, we 
use annual calculations of scope, permit requirements, allowable offsets, and the cap 
itself, based on CARB official data and summmarized in Table ES 2.  In the recently 
released draft cap-and-trade regulation, some modest changes have been made to 
these policy parameters, but these small changes do not affect the fundamental insights 
provided by this work.  

 
Table ES 2: Estimated Allowance Budgets 

  2012 2013 2014 2015 2016 2017 2018 2019 2020 
Narrow Scope 197.2 193.4 189.5 185.7       
Fuels Estimate (2015)    235.3       
Broad Scope    421.0 409.8 398.6 387.4 376.2 365.0 
Allowances Per Year 197.2 193.4 189.5 421.0 409.8 398.6 387.4 376.2 365.0 
Offset Use (CARB) 8.2 8.0 7.9 17.5 17.0 16.5 16.1 15.6 15.2 
Cap on Covered Emissions 205.4 201.4 197.4 438.5 426.8 415.2 403.5 391.8 380.2 

Source: CARB (2009). 
 

This phased implementation scheme is a necessary acknowledgement of the 
diversity of California’s economic structure, with differing emissions intensities, 
technological issues, and administrative engagement. On the economic assessment 
side, an essential feature of diversity is the state’s income distribution. It is well known 
that lower income households face different challenges from higher income ones in 
nearly every dimension of economic activity, and energy use and emissions are no 
exception. For this reason, the current analysis takes explicit account of difference in 
initial conditions, economic behavior, and outcomes across the spectrum of households 
encompassed by California’s tax code. In particular, as detailed in Table ES 3 below, 
we track seven household groups throughout the analysis, including their detailed 
linkages to production activities, state government, and the national economy, across 
income and expenditure chains. 

Table ES 3: California Households and Population by Income Tax Bracket  
(California Department of Finance: 2006, millions of people) 
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With these distributional considerations in mind, we now specify a set of policy 
scenarios, based on CARB’s reference Case 1, to assess the impacts of AB32 under 
alternative permit auction and revenue allocation schemes. These five basic scenarios 
are summarized in Table ES 4, where Case 1 includes both Cap and Trade and all 
complementary measures. 

Table ES 4: Scenarios analyzed in this Assessment 
 

 

With these distributional considerations in mind, we now specify a set of policy 
scenarios, based on CARB’s reference Case 1, to assess the impacts of AB32 under 
alternative permit auction and revenue allocation schemes. These six basic scenarios 
all use CARB’s Case 1 as their starting point, and are summarized in Table 7. Recall 
that Case 1 includes both Cap and Trade and all complementary measures. 

S1. Cap and Full Dividend - 100% auction of output based pollution permits 
in each year 

a. 100% revenue recycling via income tax reduction (equi-proportionate 
reductions in all baseline tax income tax rates) 

b. 100% recycling via per capita dividend (equal payments to each 
household) 

 
S2. Cap and Half Dividend - 50% free permit allocation to industries, 50% 

auction 
a. 100% recycling of auction revenue via income tax reduction (equi-

proportionate reductions in all baseline tax income tax rates) 
b. 100% recycling of auction revenue via per capita dividend (equal 

payments to each household) 

 S3. Free Pollution – 100% free permit allocation to industries, based on 
baseline emissions, annually from 2012 to 2020 

S4. Innovation/Efficiency - Carb Case 1, inclusive of an additional increase in 
equivalent to  1% annual Autonomous Energy Efficiency Improvement 
(AEEI) across the state (2012-2020). Full Auction and Dividend 
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Permit Allocation and Revenue Recycling 
Pollution rights and permits for these rights recognize air quality as a public good, 

but their pricing and allocation of the associated revenues (“recycling”) present complex 
and important policy challenges. To implement AB32 in a socially effective manner, 
CARB constituted a panel of experts, the Economic Allocation and Advisory Committee 
(EAAC), to consider these issues carefully and recommend the best approaches. This 
panel of experts characterized the policy challenge this way: 

“There are two main elements of allocation design. One is to specify the 
mechanisms for allowance distribution, that is, the way that emissions allowances 
are to be put into circulation. This can be done by free provision to various entities or 
by auctioning. The other element is to determine the pattern of provision of 
allowance value, that is, how the value of the emissions allowances will be 
distributed across various parties. If allowances are freely issued, then allowance 
value goes to the recipients of these free allowances. If allowances are auctioned, 
allowance value goes to the parties to whom the revenues from the auction are 
directed.” (EAAC: 2010) 

As other studies have shown at the national level (e.g. Goulder et al:2009, Burtraw 
and Palmer:2008), the choices of both allowance distribution and value provision can 
affect economic efficiency and fairness.  If firms pay for the right to pollute in an auction 
(S1), the resulting cost for industry can be offset for society by returning the permit 
revenues to society. The net economic impact of this approach, taxing a negative social 
externality and returning the revenues to households, depends on complex adjustments 
in industry and extended demand effects in consumption. When permits to pollution are 
given away (S3), society bears the burden of pollution without compensation, and firms 
adapt to limits on global warming pollution while reaping windfall profits on tradable 
permit values. These are the general equilibrium effects that a model like BEAR is 
designed to elucidate.  

Once the scope of auctioning is decided, governments can do many things with 
permit revenue. In this study, test the implications of the current recommendations of 
the state’s Economic and Allocation Advisory Committee (EAAC) and California Air 
Resource Board, redistributing or recycling permit revenues to households, an approach 
popularly known as Cap and Dividend. The actual recycling rule itself is important, and 
here we consider two basic alternatives, (1) tax reduction and (2) equal per capita 
transfer payments.  
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Table ES 5: Level and Composition of Permit Revenue Rebates and Transfers  
(based on a permit price of $21/MMT, 2007 millions of dollars) 

 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Permit Value  4,279   4,195   4,111   9,133   8,890   8,647   8,404   8,161   7,918  
Free Allocation  4,279   3,671   3,084   5,708   4,445   3,243   2,101   1,020   -    
Per Capita Dividend  -     524   1,028   3,425   4,445   5,404   6,303   7,141   7,918  
Total Dividends  -     -     -     -     -     -     -     -     -    
< $12k  -     51   100   334   433   527   615   696   772  
$12-28k  -     99   194   646   839   1,020   1,189   1,347   1,494  
$28-40k  -     69   136   452   586   713   831   942   1,044  
$40-60k  -     88   173   578   750   912   1,063   1,204   1,335  
$60-80k  -     69   136   452   586   713   831   942   1,044  
$80-200k  -     132   258   860   1,116   1,357   1,582   1,792   1,987  
$200k+  -     16   31   104   135   164   191   217   241  
Total  -     524   1,028   3,425   4,445   5,404   6,303   7,141   7,918  
Average/HH  -     42   82   274   355   432   504   571   633  

Note: Flows are totals for all households in each tax bracket, not per household amounts. 
Source: Author estimates. 

 
In Table ES 5, we present calculations of the flows of estimated permit value, as 

these would accrue in the recycling scenarios above. To be concise, we use the 
Scenario 2b scalable auction scheme and per capita transfers as an example. Permits 
are assumed to be allocated on the basis of baseline emissions, but since we only have 
one representative firm per industry this is equivalent to output based allocation.1 
Comparing these results to the aggregate household income impacts at the outset of 
this section, we can see that recycling is an important offset to the cost of the program, 
even when firms are allowed to more gradually assume the burden of carbon costs. 

 

The Role of Innovation 
An important characteristic of most AB32 scenario analyses is technological 

neutrality.2 This means that, apart from energy savings embodied in complementary 
measures (e.g. fuel efficiency mandates), factor productivity, energy use intensities, and 
other innovation characteristics were held constant across cap and trade scenarios. 
Energy use and pollution levels might change, but the prospects for innovation to 
reduce energy intensity and improve productivity were not considered. This perspective 

                                            

1 This distinction is quite important to the incentive and efficiency properties of the policy. See e.g. Fischer 
and Fox: 2004 for discussion. 
2 This includes all estimates by CARB (2010), Charles River Associates (2010), and many others. 
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is unrealistic and significantly biases results against climate policy. Technological 
change in favor of energy efficiency has been a hallmark of California’s economic 
growth experience over the last four decades. Over this period California has reduced 
its aggregate energy intensity by about 1.5% per year, attaining levels that today are 
40% below the national average. Structural changes in the economy have played a role, 
but most observers give a significant amount of credit this technological progress to 
California’s energy/climate policies, combinations of mandated and incentive based 
efficiency measures from which the Climate Action Team recommendations are direct 
descendants. Thus, energy innovation has been part of the history of the state’s 
economic growth and at the same time a consequence of its policies.  

Macroeconomic Results 
For the scenarios discussed above, the BEAR macroeconomic assessment effects 

are presented in Table ES 6 below. A few salient results are immediately apparent in 
both tables. Firstly, central tenets of the EAAC advisory report are strongly supported by 
these findings. In particular: 

1. Permit auctions with revenue recycling reduce overall costs to the state 
economy. 

2. For recycling, income tax relief is more efficient (lower cost) from a 
macroeconomic perspective than lump sum transfers. 

3. Free allocation of the right to pollute increases economic costs to society. 

The reasons for these three impacts are already widely discussed in the literature on 
allocation, although this is the first effort to measure them in the context of AB32. 
Goulder et al (2009) found the same kinds of effects at the national level, and Burtraw 
and Palmer (2008) have similar findings that are focused on the electric power sector. 
What is novel about these California results is the magnitude of the demand side impact 
of revenue recycling.  

  
 

Table ES 6: Aggregate Adjustments  
(percent changes from baseline values in 2020) 

 
 S1a 

Full-a 
S1b 

Full-b 
S2a 

Half-a 
S2b 

Half-b 
S3 

Free 
S4 

AEEI 
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Total GHG* -27.58 -27.67 -27.79 -27.83 -27.78 -25.96 
Household GHG* -31.47 -31.50 -31.48 -31.49 -31.48 -31.31 
Industry GHG* -25.33 -25.47 -25.66 -25.73 -25.64 -22.87 
Real GSP -0.23 -0.31 -0.52 -0.56 -0.67 4.44 
Real Consumption 0.01 0.39 -0.95 -0.77 -1.97 3.97 
Employment* 0.55 0.58 -0.21 -0.19 -0.61 3.10 
Permit Price $21  $19  $31  $28  $43  $18  
       
Jobs Created (1000) 163 177 65 70 47 623 
Jobs Lost -53 -62 -107 -108 -167 -9 
Net  109 115 -41 -38 -120 614 
Income Per Capita -103 -137 -231 -248 -296 1,959 

 
Source: Author estimates. 

"%&4-6!$&-+%!-)!9::;!3(88#&'!$%&!4%6&-+!6()!(<!=>9!%?2-@#8%)6!+#&7()1!-)!9:9:A!

 

As many authors (e.g. Smith et al: 2002, Smith and Ross: 2002, Stavins: 2007) have 
already observed, however laudable the goal of climate change mitigation, permit 
auctions present costs to polluting industries. Goulder et al (2009) make a more subtle 
point that the resource royalty value of permits, even if received free, still embeds an 
opportunity cost on firm balance sheets, presenting an opportunity to profit by reducing 
output. In either case, permits induce an adverse supply side shock on the economy. If 
they are auctioned and the revenues given to households, however, this creates an 
offsetting demand side stimulus.  

Ultimately, the net macroeconomic impact depends on the magnitude and 
composition of these two, and the results in Table ES 6 show how complex this can be. 
For example, when all permits are auctioned and all revenue given to households 
(S1ab), the demand side stimulus offsets nearly all the supply side shock. Conversely, 
free allocation of permits reduces the demand side potential of recycling and therefore 
increases net economic costs. 

More dramatically, demand side forces actually increase total California 
employment, creating over 100,000 additional jobs by 2020. The reason employment 
can increase while GSP remains essentially constant is because the demand growth 
from revenue recycling is more employment intensive than are the sectors with lower 
growth under AB32. Like most OECD economies, California is properly seen as post-
industrial in structure, with more than two-thirds of demand, value-added, and 
employment in service sectors. As the following figure illustrates, these sectors are 10-
50 times more job intensive (per million of output value) than the carbon fuel supply 
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chain. For this simple reason, transferring resources from the latter to households 
(Expenditure Shifting) will create more jobs.3  

A second robust finding of this analysis is at least as important. The overall growth 
impact in all four Case 1 versions of this ambitious climate policy package is very 
modest or even negligible, changing state real GSP by about half of one percent 
annually by 2020, cumulative GSP about half this much, and real state employment in 
2020 by even less. Under our hypothetical induced innovation scenario, whereby 
energy and emissions policies lead to meaningful gains in energy efficiency over the 
business-as-usual scenario, employment in the state actually increases significantly, as 
productivity rises and expenditures shift from imported energy dependence to demand 
for more labor-intensive in-state goods and services. What this means in practical terms 
is quite simple. The state can achieve its ambitious climate objectives, unprecedented 
GHG mitigation, over the next decade with a deferred growth impact of about three 
months. Since we have taken no account of the environmental cost of doing nothing, 
this seems like a real bargain.4 

Permit prices are obviously central to this analysis and to Cap and Trade generally. 
The BEAR model estimates these prices as the outcome of a market process that, in a 
competitive auction of pollution rights, would equate permit prices with the 
economywide private marginal cost of CO2 abatement. As the results in Table ES-6 
suggest, BEAR estimates of this cost are comparable to those of CARB (coinciding in 
the reference case), but lower than many estimates circulated by industry sources.  

Our estimated permit prices vary somewhat across scenarios, with permit prices 
rising as with the proportion of free allowance allocation and falling with energy 
efficiency improvements (S4). When some share of permits are allocated free, the 
remaining marketable share is constrained and competition for these intensifies. Looked 
at another way, in a competitive framework lower cost permits will be used to cover 
lower (abatement) cost emission reductions, so tradable permit prices reflect the higher 
end of the abatement cost curve. Permit prices are slightly lower in the lump sum 
redistribution case because changing demand patterns shift economic structure toward 
tertiary, less pollution intensive activities. 

                                            

3 Because carbon fuels are also import-intensive, more demand will be directed at in-state goods and 
services. As others have observed, however, this import reduction will be offset by real exchange rate 
appreciation, attendant export reductions, and ambiguous net employment effects. 
4 For a detailed review of California climate impacts, see e.g. Kahrl and Roland-Holst: 2008. 
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On the general issue of job estimates, two important points should be made. Firstly, 
even in the strongly negative scenario (S3/Free Pollution), there is no reduction in 
aggregate California employment, Baseline growth far exceeds the estimated downward 
adjustment by 2020 (about 27%). In none of these results do we see job losses 
compared to levels today, only slower employment growth. Secondly, although net job 
changes are small, job turnover as result of AB32 is often much larger. Because the skill 
required for these jobs can be quite different, this labor market adjustment will be a 
more complex prospect than suggested by merely adding new and lost job numbers to 
find the result for net employment.  
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Figure ES 2: How Revenue Recycling and Energy Efficiency Create Jobs 

 

Source: Roland-Holst, David “Energy Efficiency, Innovation, and Job Creation in California,” Next10.org. 
 

Finally, the efficiency and innovation scenario (S4/AEEI), is by far the most pro-
growth. The reason for this is productivity growth via technology adoption and more 
intensive expenditure shifting, i.e. multiplier effects, coming from two sources. A carbon 
trading system provides a direct and transparent incentive for technology adoption and 
reduce carbon fuel expenditures, and to change expenditure patterns in ways that 
promote innovation. If users face the prospect of paying for pollution rights, their 
expenditures shift toward public goods and services that are more employment 
intensive than would be higher fuel spending. Those who avoid permit fees by investing 
in energy efficiency will save money in the long run, spending that on more conventional 
and generally more job intensive alternatives. This pattern of direct and indirect 
expenditure shifting has for a generation helped California to ever higher environmental 
and living standards. The future holds the same promise for positive, innovation based 
synergy between environmental values and livelihoods, and forward looking policies like 
AB32 can help to realize this potential, securing prosperity for another generation. 

In terms of permit prices, we see some variation across scenarios. In comparison to 
tax reductions ($21 allowance price, S1a), lump-sum redistribution leads to lower long 
term demand stimulus and thus achieves emission reduction at a slightly lower price 
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($18 allowance price in S1b. When pollution is partially or completely free, two forces 
are at work. Demand side weakness (less recycling resources) makes emission 
reduction cheaper, but permit discounts reduce the incentive to abate pollution. For the 
free permit scenarios considered (S2ab, S3), the latter prevails and higher nominal 
permit prices are needed to offset (average) permit discounting. Finally, the AEEI 
scenario achieves mitigation by Cap and Trade as well as higher innovation potential, 
meaning a lower permit price can hit AB32’s mitigation targets.  

Before moving on to the distributional results, the effects of these policies on energy 
prices should be considered (Table ES 7). After aggregate growth, the “burden” of 
energy costs has been the most debated issue surrounding climate action. Imposing a 
price on carbon emissions will obviously increase the cost of carbon-based energy 
sources, but the ultimate impact of this on prices depends on both supply and demand. 
The BEAR results suggest that the demand side of energy markets, under determined 
policies of climate action, will prevail in many cases and substantially mitigate price 
increases in others. In contrast to industry estimates of 20% and higher electricity price 
increases, we see single-digit increases in technology neutral scenarios and price 
declines in more the historical efficiency/productivity scenario.5 Meanwhile, natural gas 
prices actually decline, gasoline prices rise negligibly, and overall energy price indexes 
for households and all state demand rise only modestly over the decade.  

Table ES 7: Energy and Fuel Prices 
(percent changes from baseline in 2020) 

 S1a 
Full-a 

S1b 
Full-b 

S2a 
Half-a 

S2b 
Half-b 

S3 
Free 

S4 
AEEI 

Electricity 2.3% 2.1% 3.3% 3.1% 4.1% -5.4% 
Nat. Gas -1.2% -0.9% -1.3% -1.0% -2.4% -2.7% 
Gasoline 2.2% 2.1% 3.3% 3.1% 3.8% -2.0% 
HH Energy 1.6% 1.5% 2.4% 2.3% 2.7% -3.5% 
All Energy 0.9% 0.9% 1.5% 1.5% 1.4% -3.3% 

 
 Source: Author estimates. 

 

                                            

5 It should be emphasized that the present modeling framework assumes electricity prices are market 
determined, a simplification that may not be too restrictive in the long run, but needs to be interpreted with 
care. 
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Household Results 
We now examine AB32 impacts from the household perspective.  Table ES 8 

provides detailed income effects for different tax brackets of household income.  As is 
generally true in economics, beneath the smooth veneer of aggregate growth lies a 
complex array of adjustments, more diverse outcomes, and even tradeoffs. In the 
present context, this means that choice of both the permit allocation and revenue 
recycling scheme is important to income distribution, even with relatively small 
aggregate stakes. For example, the lowest income group actually benefits in all 
scenarios, in the first instance because of policy induced energy savings and secondly 
when the recycling scheme is per capita (S1b and S2b). Conversely, higher income 
groups lose most because of adverse capital income effects (permit and adoption cost), 
and even more when recycling is per capita rather than per dollar of prior tax liability. 

Table ES 8: Real Income Effects by Household Income Level 
(percent changes from baseline in 2020) 

 
 S1a 

Full-a 
S1b 

Full-b 
S2a 

Half-a 
S2b 

Half-b 
S3 

Free 
S4 

AEEI 
< $12k 0.3% 1.2% 0.3% 0.8% 0.3% 1.1% 
$12-28k 0.1% 0.8% -0.5% -0.1% -0.8% 3.5% 
$28-40k 0.2% 0.7% -0.6% -0.3% -0.9% 3.4% 
$40-60k 0.5% 1.2% -0.8% -0.4% -1.7% 2.5% 
$60-80k 0.2% 0.7% -0.7% -0.4% -1.4% 3.5% 
$80-200k 0.0% -1.2% -1.2% -1.7% -3.2% 4.0% 
$200k+ -1.0% -7.4% -3.4% -6.3% -8.2% 1.6% 
Total 0.2% 0.4% -0.7% -0.5% -1.4% 3.1% 

 
Source: Author estimates. 

 

Because of California’s progressive tax structure, permit revenue recycling schemes 
have differing impacts across the income distribution. For lower and middle income 
households, per capita lump sum recycling is better than tax relief, so it either increases 
benefits or lowers costs. For the highest income groups, tax breaks would be more 
attractive because their rates are well above average. Thus their costs under the “a” 
(tax break) scenarios would be about half those under the per capita rebate scheme. 
For the economy as a whole, tax relief is better for the macro economy than lump sum 
transfers, yet some might argue that the latter is more defensible on equity grounds. 
This point cannot really be adjudicated by economic analysis unless long term growth 
benefits of tax relief are large and dispersed enough to benefit a significant majority of 
households, in which case macro efficiency and equity could be reconciled. 
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In all technology neutral scenarios, however, we see the same small aggregate 
income effects, deferring about three month’s GSP growth in a decade to achieve 
unprecedented GHG mitigation and enhanced energy security. At the outset of this 
study, we considered designing targeted energy cost assistance to the poor, in order to 
address concerns expressed by stakeholder groups and the state itself. The real effect 
of energy costs on households is detailed in Table ES 9, where we see the interplay of 
two essential forces, energy prices and energy demand. Simply put, the former are 
small and mixed while the latter are large and negative. Program efficiency 
improvements and household incentives to reduce energy use drive demand declines in 
the same direction, and overall energy expenses are dominated by this effect. In 
Scenario 4, growth effects offset efficiency gains in terms of energy expenditures. In any 
case, these results suggest that the issue of energy cost of living adjustments for the 
poor will be rendered superfluous by a combination of program efficiency gains and 
market forces, as long as the regulatory apparatus allows energy prices to reflect these.   

Table ES 9: Household Overall Energy Expenses 
(percent changes from baseline in 2020) 

 S1a 
Full-a 

S1b 
Full-b 

S2a 
Half-a 

S2b 
Half-b 

S3 
Free 

S4 
AEEI 

< $12k -10.6% -10.4% -10.6% -10.5% -10.9% -14.7% 
$12-28k -8.7% -8.5% -8.8% -8.7% -9.2% -12.3% 
$28-40k -9.5% -9.4% -9.7% -9.5% -10.1% -13.1% 
$40-60k -10.1% -9.9% -10.2% -10.1% -10.6% -13.6% 
$60-80k -13.9% -13.7% -14.1% -13.9% -14.5% -17.0% 
$80-200k -13.0% -13.0% -13.1% -13.1% -13.7% -16.1% 
$200k+ -35.3% -35.6% -35.5% -35.6% -36.0% -36.3% 
Total -10.9% -10.7% -11.1% -10.9% -11.5% -14.4% 

Source: Author estimates. 
 

Transfers and Tax Credits 
For auctioned permits, the recycling scenarios we consider allocate permit revenues 

in two ways. In scenarios 1a, 2a, and 4, we assume that revenues are returned to 
households with equi-proportional reductions in baseline income taxes. This means that 
households will receive rebates proportional to their individual contribution to overall tax 
revenue.6 In scenarios 1b, and 2b, we assume the total revenue is allocated equally, 
meaning every household gets the same lump sum transfer payment. The implications 

                                            

6 We assume that total (State and Federal) household income tax payments are used to calculate these 
proportions. 
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of these approaches for the overall economy have already been discussed. Generally 
speaking, the proportional approach is more economically efficient, reducing 
inframarginal taxes and returning more money to households with higher saving rates, 
which offers more investment stimulus over the long run. 

To see the direct household impacts of these approaches, the following two tables 
give estimates rebates under the two groups of scenarios. For the equal payments, we 
show annual redistribution, per household, and the cumulative rebate over the policy 
interval considered (2012-2020). For the proportional approach, we only show results 
for the final year because households receive different rebates. 

Table ES 10: Household Lump-sum Dividends from  
Auctioning Pollution Rights  

(payment per CA household per year, 2007 constant dollars) 
/HH Full-a Full-b Half-a Half-b Free AEEI 

8;58!  $300   $221  $0   
8;5<!  $294   $216  $0   
8;5=!  $288   $212  $0   
8;5>!  $639   $471  $0   
8;5A!  $622   $459  $0   
8;5?!  $605   $446  $0   
8;5C!  $588   $434  $0   
8;5@!  $571   $421  $0   
8;8;!  $554   $408  $0   

Total  $4,462   $3,288  $0   
Average  $827  $609 $0   

Source: Author estimates. 
 

Table ES 11: Household Income Tax Dividends from  
Auctioning Pollution Rights  

(income tax remission per CA household in 2020, 2007 constant dollars) 
  Full-a Full-b Half-a Half-b Free AEEI 

1 < $12k $57   $42    $49  
2 $12-28k $108   $80    $92  
3 $28-40k $172   $127    $148  
4 $40-60k $251   $185    $215  
5 $60-80k $306   $226    $262  
6 $80-200k $1,170   $864    $1,003  
7 $200k+ $4,956   $3,658    $4,248  

 Wgt Average $647  $478   $555 
Source: Author estimates. 
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Leakage 
One of the most widely debated issues related to California climate policy is the so-

called “leakage” effect. This term describes the exodus of business activity from one 
jurisdiction to another, or growth displacement from a home market to one outside, 
because of changing regulatory or market conditions. In particular, if one jurisdiction 
imposes more stringent rules or fees, leading to higher relative costs of operation, firms 
may be induced to migrate. Conversely, tax incentives, resource discoveries, 
productivity growth, and other conditions that reduce relative costs can attract enterprise 
migrants. Sometimes, activities may be fully financed (e.g. public goods and services) 
or forbidden by government, but in most cases firms exercising free will to choose their 
production venue by weighing local relative costs against advantages of market 
proximity. Thus the issue leakage ultimately becomes an empirical question. 

Leakage presents both private and public challenges. Leakage will limit local 
economic opportunities for workers and some supporting economic activities, although it 
may also alleviate high costs and improve conditions for other enterprises and 
competitors. From a public sector perspective, leakage might be seen as an adverse 
investment climate indicator, undermining public efforts to attract and retain new 
business. Again, however, leakage of one industry may simply be a symptom of 
industrial transition that makes way for new patterns of business activity. In any, case 
leakage remains a policy priority for consideration in the context of AB32, where it is 
considered primarily in terms of emissions, i.e. a transfer of emissions from inside to 
outside California. This perspective suggests that leakage not only represents foregone 
economic activity in the state, but also an adverse environmental spillover from 
California. The panel explicitly recognized its importance in its main advisory 
recommendations to CARB: 

“The ARB should rely on free allocation as a distribution mechanism only where 
necessary to address “emissions leakage,” i.e., increases in out-of-state GHG 
emissions generated by California’s climate policy.” (EAAC: 2010) 

This means that EAAC’s general finding in favor of permit auctions might exempt cases 
where permit costs transfer emission activity out of state. Because of 
process/technology differences and very heterogeneous market conditions outside 
California, it is nearly impossible to assess leakage in terms of exact emissions creation 
and diversion. Instead, here we attempt to infer leakage risk on the basis of conjoint 
adjustments of in-state and out-of-state economic activity.  
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It has been argued by industry advocates that AB32 will impose adjustment costs on 
California enterprises that are high enough to trigger significant leakage form the state 
economy. Counterarguments to this are many, including the observation that most 
historical environmental compliance represents only a few percentage points of total 
cost, high relocation costs, and strong historical evidence of firm retention in the Golden 
State. The latter evidence is perhaps most compelling, as California has enjoyed a long 
history of net enterprise immigration despite ever-escalating property prices, wages, 
and many other attendant local cost premia. 

In addition to weak evidence supporting threat of leakage, this issue is difficult to 
adjudicate empirically because the deciding factors are so heterogeneous, varying from 
facility to facility, firm to firm, market to market, and across time.  The BEAR model does 
not track enterprise dynamics at this level of resolution, neither are their data to support 
such analysis. Having said this, however, it is possible to infer the potential for leakage 
indirectly using BEAR’s external trade linkages. In the present case, we examine 
sectors that experience output declines under AB32, combined with increases in the 
same sector’s imports from outside California. Such combinations suggest potential 
substitution between in-state and out-of-state goods and services, although this is a 
weaker condition than firm exit. Other explanations for this include demand side factors 
like changes in tastes (product variety) and other changes in competitive conditions. 

Even by this relatively expansive definition, however, the results in the following 
table suggest that leakage risks from AB32 are isolated and small in terms of 
employment vulnerability. The first four columns of this table display import changes 
(increases) as a percent of in-state output changes (decreases).7 This coincidence only 
occurs in only 18 of 50 sectors, and on average import penetration only represents less 
that 25% of the output decline in question. In other words, the vast majority of sector 
contractions is a result of low carbon structural adjustment, not leakage or other 
strategic substitution of imports for in-state products and/or services.  

The last four columns of the table show the number of jobs associated with leakage 
potential, or the number of jobs embodied in imports that coincide with declining in-state 
output. Across the state’s labor markets, and especially in the context of aggregate job 
creation and destruction (in both the Baseline and scenarios), these numbers are small 
enough (less than 5% of job creation or losses) to suggest that leakage can be easily 
and economically addressed with re-employment and re-training policies. Surely this 

                                            

7 Scenario S4 is omitted from the table because it has no cases of potential leakage. 
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adjustment is operating on a far different scale from momentous issues like climate 
mitigation and adaptation, which implicate trillions of dollars in real California assets.8 

More generally, our results strongly support EAAC in qualifying the commitment to 
addressing leakage with policy exceptions. In particular, we find strong evidence to 
support the following assertion: 

“The need for free allocation to address emissions leakage is likely to be small, for two 
reasons. First, as a share of total allowance value, the share needed to deal with 
potential leakage is small. Second, other mechanisms such as border adjustments 
sometimes offer a more cost-effective way to address leakage.” (EAAC: 2010) 

                                            

8 Throughout this assessment, we examine climate action against a business as usual scenario, taking no 
account of the costs of doing nothing. As a number of detailed and rigorous studies have shown, 
however, the cost of adaptation for California could easily dwarf the AB32 adjustment costs we are 
estimating. 
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Table ES 12: Leakage Potential 
(percent change from Baseline in 2020; jobs in absolute terms) 

 % Import/Output Changes  Jobs Vulnerable to Leakage 
 S1a S1b S2a S2b S3  S1a S1b S2a S2b S3 

Agriculture -40 -36 -5 -8   -756 -1,055 -332 -540  
Cattle            
Dairy            
Forestry, Fishery            
Oil and Gas Extraction            
Other Primary            
Electricity            
Natural Gas Dist.            
Water, Sewage, Steam            
Residential Construction            
Non-Res Construction            
Other Construction  -64      -67    
Food Processing            
Textiles and Apparel            
Wood, Pulp, and Paper            
Printing and Publishing  -20      -6    
Oil and Gas Refineries            
Chemicals            
Pharmaceuticals            
Cement            
Metal Products            
Aluminium Prod            
Machinery            
Air Con, Refridge Prod            
Semiconductors            
Electrical Appliances -264 -28     -230 -38    
Autos and Light Trucks            
Other Vehicles            
Aeroplane and 
Aerospace 

           

Other Industry            
Wholesale Trade            
Vehicle Sales/Service            
Air Transport            
Ground Transport -162 -151 -33 -40   -2,739 -3,159 -727 -976  
Water Transport            
Truck Transport -18 -11 -2 -3   -58 -86 -36 -49  
Public Transport            
Retail Appliance            
General Retail            
InfoComm Services            
Financial Services            
Other Prof Services            
Business Services            
Waste Services   -2 -3 -1    -12 -20 -7 
Landfill   -15 -15 -19    -19 -20 -38 
Educational Services            
Medical Services            
Recreation and Cultural            
Hotel and Restaurant            
Other Private Services            
Total       -3,782 -4,400 -1,126 -1,604 -45 
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Criteria Pollution Impacts 
Simulation results of the last section apply to CARB’s primary climate objective, 

reducing global warming pollution. While GHG emissions are the primary focus of AB32, 
however, it also represents an important landmark for all environmental policy. While 
achieving dramatic gains in reduction of global warming pollution, AB32’s effects on 
other categories of emissions will be indirect and depend on collateral details of policy 
implementation. From a toxics and public health perspective, however, criteria 
pollutants remain an important environmental category. Since AB 32 has not directly 
targeted at these, the effects of its approach to GHG reduction may have unintended 
consequences.  

The EAAC explicitly recognize such collateral environmental risk and included 
criteria pollutant mitigation explicitly in its advisory recommendations: 

“In keeping with the stipulated objectives of AB 32, sufficient allowance value should 
be earmarked for the purposes of (1) addressing emissions leakage (when other 
mechanisms cannot easily or effectively be engaged for this purpose), (2) avoiding 
disproportionate adverse economic impact of AB 32 on low income households, and 
(3) creating a contingency fund to be devoted to any communities eventually found 
to be experiencing increased exposure to co-pollutants as a result of possible fossil-
fuel burning stemming from AB 32 implementation. It is anticipated that a relatively 
small share of the state’s total allowance value would be needed for these 
purposes.” 

We used the BEAR model to provide estimates of such collateral impacts, focusing 
on three representative scenarios (S1a, S3, and S4). These results show (Figures ES 3 
and 4) that, in both relative and absolute terms, AB32 achieves a modest amount of 
collateral mitigation in criteria pollutants. When pollution permits are auctioned (S1a), 
the resulting demand side economic stimulus reduces this mitigation, but the amounts 
are very small in both cases. Finally, recall that the efficiency/innovation scenario (S4) 
achieved the same overall GHG reductions, yet criteria pollution changes in this “green 
growth” scenario are significantly positive. Thus we are reminded that growth oriented 
climate action requires a more determined approach to complementary measures. In all 
cases, however, our findings bear out the insight of EAAC above, that criteria impacts of 
AB32 are quite negligible in the aggregate.  
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Figure ES 3: Criteria Pollution Impacts 
(percent change from Baseline in 2020) 

 
 

Figure ES 4: Criteria Pollution Impacts 
(Kiloton/yr changes from Baseline in 2020)  
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Since its passage in 2006, California’s path breaking Global Warming 
Solutions Act (AB32), has drawn the world’s eighth largest economy into a global 
policy dialogue that will influence energy and environmental decisions for 
generations. Within the state, it is widely acknowledged that GHG policies 
already implemented and under consideration will have far reaching economic 
consequences. Both public and private institutions have expressed an urgent 
interest in strengthening the basis of evidence on this issue. 

In response, economists are developing assessment tools to support more 
effective policy design, implementation, and assessment. One of the most 
advanced examples of this policy research capacity is the Berkeley Energy and 
Resource (BEAR) model. BEAR is a detailed and dynamic economic simulation 
model that traces the complex linkage effects across the California economy as 
these arise from changing policies and external conditions. BEAR has already 
been used to produce estimates for the California Environmental Protection 
Agency, and its projections are quoted in the Executive Order establishing AB32. 
This paper reports on efforts to build out BEAR’s capacity and address a central 
issue in the state’s climate policy formulation: How will the livelihoods of 
California households be affected by this legislation? In particular, because a 
market-oriented approach to emissions regulation could generate significant 
fiscal revenues for the state, it would be useful to know if these resources be 
channeled in ways that both facilitate a lower carbon future and improve 
economic welfare.  
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The last round of BEAR analysis was broadly in accord with the state’s 
findings and buttressed the public interest in legislative discussion of Assembly 
Bill 32 (Roland-Holst, 200?). In the next phase of climate action dialogue, more 
specific policy design features and impacts will be subjected to intensive public 
and private scrutiny. Rules for allocating emissions permits, as well as those 
governing the revenues obtained from permit auction programs, remain to be 
fixed, yet the potential magnitude of these transactions has aroused substantial 
interest. Moreover, allocation rules may have complex incentive effects that bear 
on both policy effectiveness and equity issues. For these reasons, the basis of 
evidence for constructive policy dialogue on this issue needs to be strengthened. 

An additional dimension of the AB32 dialog involves criteria pollutants. As it is 
currently envisioned, AB32 objectives focus on cost-effective reductions in GHG 
emissions, without explicit standards for mitigation or measurement of emissions 
of other types of pollution. Several categories of criteria pollutants are collateral 
to GHG production, while others will be affected indirectly by GHG policies, as 
the latter induce structural change in production and consumption patterns. Thus 
GHG mitigation measures could either decrease or increase net criteria pollution, 
and the level itself is a complex empirical question. In this study, we explicitly 
estimate criteria pollution effects. 

Finally, this assessment is the first to fully map out this policy and the 
intertemporal adjustments of state economic structure that follow it. As it is 
presently framed, the Scoping Plan for AB32 calls for phased implementation, 
including two tiers of coverage and a changing time path for the total emissions 
cap and concurrent carbon market activity. Using BEAR’s dynamic framework, 
we follow this process over the period 2010-2020 and produce detailed estimates 
of annual impacts.  

For the package of GHG mitigation policies that comprise AB32, 
macroeconomic effects will arise from structural linkages that transmit economic 
impacts across the state economy. A consistent feature of such complex 
processes is the economic importance of cumulative indirect and linkage effects, 
which in many cases far outweigh direct effects. Although the majority of the 
GHG responses and direct (adoption and monitoring) costs are easily identified, 
economic benefits of these policies extend over long supply and expenditure 
chains, the cumulative effect of which can only be assessed with methods like 
the one used here.  
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The main goal of this work is to strengthen the basis of evidence in this area, 
particularly to contribute independent research to the policy dialog how to sustain 
and propagate the benefits of a more carbon-efficient future. The focus of this 
study is on pollution rights allocation choices and in particular the efficiency and 
equity tradeoffs these entail as well are their macroeconomic implications.  
Seven salient insights emerge from the BEAR economic analysis: 

Main Findings 
 

 
 

1. Aggregate effects of AB32 on the California economy are very modest; 

amounting to less than three months deferred growth across a decade.  

2. Households experience energy efficiency gains that reduce total energy 

expenses. In other words, the policy as written has a small positive net cost 

to the overall economy, but a negative net cost in terms of energy expenses 

to households. 

3. Scalable permit auctions can facilitate adjustment, without compromising 

long term climate goals, employment, or equity. In particular: 

a. Auctioning permits and distributing the revenue to households (Cap 

and Dividend) reduces the aggregate cost of climate policies and can 

increase statewide employment. 

b. Returning permit revenues to households with tax reductions is better 

for growth and total employment than equal per capita lump sum 

transfers.  

4. Free allocation of permits might reduce adjustment costs for individual 

polluting industries, but it increases costs for the population of California. 

5. Modest autonomous innovation and efficiency responses to AB32 would 

deliver significant growth dividends across the state. 

6. The estimated risk of “leakage” posed by AB32, either in terms of job 

losses or pollution transfers, is negligible. 

7. AB32 will reduce aggregate criteria pollution, but might change its 

composition in ways that justify complementary, localized mitigation 

efforts. In all cases, however, the impacts are very modest. 
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These general conclusions are supported by a myriad of more detailed 
structural information, the elucidation of which can be essential to design and 
implement effective policies. Rigorous policy research tools like the BEAR model 
can shed important light on the detailed economic incidence of energy and 
climate policies. By revealing detailed interactions between direct and indirect 
effects across a broad spectrum of stakeholders, simulation methods of this kind 
can support more effective policy responses to climate change. 

9 :$(;<5)8'1!$'1!=(#'$53)!>#+(53.03)'!

California has over thirty years of direct experience with policies related to 
climate change, including a broad spectrum of energy and emissions initiatives 
that have set national standards for economic growth through innovation and 
efficiency. These policies have targeted energy efficiency and air pollution from 
many different angles, including vehicle, appliance, and building standards, tax 
credits, and now economywide emissions targets. While the approaches are 
diverse, most of these policies share the important objective of seeking to 
influence economic behavior in ways that limit adverse environmental 
consequences. Thus climate action policies seek to change behavior, which in 
turn alters economic structure by inducing agents to choose different 
technologies, goods and services, and other modalities of economic behavior.  

Figure: Household Savings from Energy Efficiency Measures 

 

Source: Rosenfeld (2008) 
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A prime example of the state’s positive experience with regulation at the 
energy/climate nexus is illustrated in the above figure. Since the early 1970’s 
California households have saved billions from a combination of standards for 
appliances, efficiency oriented building codes, and incentive programs to 
decouple utility profits from conventional energy sales. These savings were in 
turn redirected to more employment-intensive consumption patterns, generating 
over 1.4 million additional jobs in the state as its per capita electricity 
consumption declined from parity to 40% below the national average (Figure 1). 

Figure 1 

 

More recently, during the legislative discussions prior to AB32’s passage, the 
California Climate Action Team proposed a set of over 40 component policies 
(Table 1 below) to realize the state’s goal of a lower carbon future. This is an 
extremely diverse set of initiatives, reflecting the complexity of the California 
economy and the sophistication of the initiatives themselves. The policies also 
vary greatly in their scale, and some will affect nearly every energy consumer 
while others are targeted a very narrowly defined economic activities. Most are 
now included in a group referred to as “complementary” to other free standing 
climate policies and to Cap and Trade, yet they represent many essential 
components of the state’s GHG challenges. For the scenario work with BEAR, 
we relied then and continue to rely on policy definitions assembled by the 
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California Air Resources Board (ARB). These are then implemented in our 
economic modeling framework in conjunction with a wide variety of data sources 
discussed below. 

Table  1: Recommended AB32 Complementary Policies 
Policy Description 
Pavley II Vehicle Standards The marginal vehicle efficiency for passenger 

cars and light trucks is incrementally increased 
beginning in 2017 to reach a new vehicle fleet 
of 42.5 mpg by 2020. 

Low Carbon Fuel Standard The ethanol share of passenger ground 
transportation fuels is increased to 
approximately 18% for light vehicles and the 
biodiesel share of freight ground transportation 
is increased to approximately 15% to represent 
a 10% reduction in the carbon intensity of fuels 
by 2020.  

VMT Reduction Measure Vehicle miles travelled per year in California 
were assumed to be reduced by 4% by 2020.   

33 Percent Renewable Portfolio Standard The sales share of renewable electricity is 
increased to 33 percent by 2020.  Renewable 
sources are not required to be in-state.   The 
type of renewable generation built to meet the 
requirement was based on resource mix 
projections by the California Public Utilities 
commission.9   

Residential and Commercial Energy Efficiency Building and Device efficiency standards and 
programs reduce electricity sales by 22,000 
GWh and natural gas sales by 800 million 
therms reduction by 2020.  The costs of actual 
equipment upgrades associated with these 
efficiency gains are captured in the model, 
however, program and administration costs are 
not captured.   

Combined Heat and Power 
 

The electricity output from CHP facilities was 
increase by 30,000 GWh by 2020.  It was 
assumed that the heat output of these facilities 
is used to serve existing or new heating loads.  

Heavy Duty Vehicle and Marine Efficiency Increases in freight end use efficiency to reflect 
Smart Way Truck Efficiency and the use of on-
shore electricity to ships in port. 

  
Source: California Air Resources Board 
http://www.arb.ca.gov/cc/scopingplan/sp_measures_implementation_timeli
ne.pdf  

                                            

9 http://www.cpuc.ca.gov/PUC/energy/Renewables/hot/33implementation.htm  
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After its empirical assessment of the CAT policies was included in CARB’s 
initial Scoping Plan10, the BEAR project was involved for several months in a 
collaborative model comparison exercise with ARB. This activity entailed 
comparison of results from BEAR, ARB’s own EDRAM model, and the MRN-
NEEM model developed by the Electric Power Research Institute (EPRI) and 
Charles Rivers Associates (EPRI:2007). The point of the exercise was to 
appraise California climate policy from a variety of perspectives, using the 
models most closely associated with various stakeholders in the policy process. 
To facilitate results comparison, ARB set forth a uniform set of policy scenarios, 
in each case reflecting the mix of performance standards and market-oriented 
carbon cap measures designed to achieve the AB32 mandate, and varying 
assumptions about the effectiveness of complementary policies (whether or not 
anticipated reductions are fully achieved or not) and whether or not offsets are 
allowed in the cap-and-trade program.  These combinations are indicated in the 
first five scenarios defined in Table 2 below.  

Table 2: Scenarios Analyzed for the ARB Comparison Project 

 

For the present assessment, we build on this experience to elucidate the revenue 
management, or fiscal characteristics of AB32, with careful attention to both the 
timepath of implementation and impacts on income distribution and effects on 

                                            

10 Roland-Holst (2007a). 
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leakage. The former is important because the current version of implementation 
plans calls for a complex phase in plan. As currently set forth, Cap and Trade will 
begin in 2012 with coverage of an initial set of emissions intensive industrial 
activities (Group 1, in Annex 1 below). Table 3 illustrates the diversity of emission 
intensity across generic economic activities and energy sources.  

Table 3: Historical California Emissions Inventory 
! ! 8;;;! 8;;5! 8;;8! 8;;<! 8;;=! 8;;>! 8;;A!
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Source: CARB (2008). 
 

In 2015, the current plan calls for coverage to be stepped up to nearly all GHG 
sources (i.e. fuels), with a higher cap that will continue to be reduced linearly 
through 2020 (see Figure 2). By covering fuels directly at their production or 
distribution origins, the Cap and Trade system can more effectively cover mobile 
and residential emissions. The intertemporal complexity of this rulemaking may 
create complex incentives and structural adjustments, and for this reason we 
incorporate it explicitly in the BEAR dynamic analysis. 
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Figure 2: Schematic Timepath for Emissions Cap Implementation 

 

Source: CARB (2009) 
 

To implement the anticipated Cap and Trade rulemaking explicity, we use annual 
calculations of scope, permit requirements, allowable offsets, and the cap itself, 
based on CARB official data and summmarized in Table 4. .  In the recently 
released draft cap-and-trade regulation, some modest changes have been made 
to these policy parameters, but these small changes do not affect the 
fundamental insights provided by this work.  

 

Table 4: Estimated Allowance Budgets 
  2012 2013 2014 2015 2016 2017 2018 2019 2020 
Narrow Scope 197.2 193.4 189.5 185.7       
Fuels Estimate (2015)    235.3       
Broad Scope    421.0 409.8 398.6 387.4 376.2 365.0 
Allowances Per Year 197.2 193.4 189.5 421.0 409.8 398.6 387.4 376.2 365.0 
Offset Use (CARB) 8.2 8.0 7.9 17.5 17.0 16.5 16.1 15.6 15.2 
Cap on Covered Emissions 205.4 201.4 197.4 438.5 426.8 415.2 403.5 391.8 380.2 

Source: CARB (2009). 
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This phased implementation scheme is a necessary acknowledgement of the 
diversity of California’s economic structure, with differing emissions intensities, 
technological issues, and administrative engagement. On the economic 
assessment side, an essential feature of diversity is the state’s income 
distribution. It is well known that lower income households face different 
challenges from higher income ones in nearly every dimension of economic 
activity, and energy use and emissions are no exception. For this reason,  the 
current analysis takes explicit account of difference in initial conditions, economic 
behavior, and outcomes across the spectrum of households encompassed by 
California’s tax code. In particular, as detailed in Table 5 below, we track seven 
household groups throughout the analysis, including their detailed linkages to 
production activities, state government, and the national economy, across 
income and expenditure chains. 

Table 5: California Households and Population by Income Tax Bracket  
(California Department of Finance: 2006, millions of people) 
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While the assessment considers all California households, particular attention 
has been given to low income groups because of their economic vulnerability. 
Despite a well-deserved reputation for prosperity (Figure 3), poverty rates in 
California are high relative to the nation as a whole and they have risen sharply 
in recent years (Figure 4). To focus our assessment on lower income groups, we 
use Federal poverty lines (Table 6), adjusted for California cost of living, and 
consider household groups 1 and 2 above to be economically vulnerable. 
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Figure 3: Median Household Income Rates in the United States and 
California 

 

 
Source: US Census Bureau 

 
Figure 4: Poverty Rates in the United States and California 

 
Source: US Census Bureau 
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Table 6: Federal Poverty Lines (2008) 
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Source: U.S. Department of Health and Human Services (2009). 
 

With these distributional considerations in mind, we now specify a set of 
policy scenarios, based on CARB’s reference Case 1, to assess the impacts of 
AB32 under alternative permit auction and revenue allocation schemes. These 
five basic scenarios are summarized in Table ES 4, where Case 1 includes both 
Cap and Trade and all complementary measures. 

Table 7: Scenarios analyzed in this Assessment 
 

 

S1. Cap and Full Dividend - 100% auction of permits in each year 
a. 100% revenue recycling of auction revenue via income tax reduction 

(equi-proportionate reductions in all baseline tax income tax rates) 
b. 100% recycling of auction revenue via per capita dividend (equal 

payments to each household) 
 

S2. Cap and Half Dividend - 50% free permit allocation to industries, 50% 
auction 

a. 100% recycling of auction revenue via income tax reduction (equi-
proportionate reductions in all baseline tax income tax rates) 

b. 100% recycling of auction revenue via per capita dividend (equal 
payments to each household) 

 S3. Free Pollution – 100% free permit allocation to industries, based on 
baseline emissions, annually from 2012 to 2020 

S4. Innovation/Efficiency - Carb Case 1, inclusive of an additional increase in 
equivalent to 1% annual Autonomous Energy Efficiency Improvement 
(AEEI) across the state (2012-2020). Full Auction and Dividend 

 

 

 



` 

Roland-Holst | AB32 Assessment 39 
!
!

With these distributional considerations in mind, we now specify a set of 
policy scenarios, based on CARB’s reference Case 1, to assess the impacts of 
AB32 under alternative permit auction and revenue allocation schemes. These 
six basic scenarios all use CARB’s Case 1 as their starting point, and are 
summarized in Table 7. Recall that Case 1 includes both Cap and Trade and all 
complementary measures. 

Permit Allocation and Revenue Recycling 
Pollution rights and permits for these rights recognize air quality as a public 

good, but their pricing and allocation of the associated revenues (“recycling”) 
present complex and important policy challenges. To implement AB32 in a 
socially effective manner, CARB constituted a panel of experts, the Economic 
Allocation and Advisory Committee (EAAC), to consider these issues carefully 
and recommend the best approaches. This panel of experts characterized the 
policy challenge this way: 

“There are two main elements of allocation design. One is to specify the 
mechanisms for allowance distribution, that is, the way that emissions 
allowances are to be put into circulation. This can be done by free provision to 
various entities or by auctioning. The other element is to determine the 
pattern of provision of allowance value, that is, how the value of the emissions 
allowances will be distributed across various parties. If allowances are freely 
issued, then allowance value goes to the recipients of these free allowances. 
If allowances are auctioned, allowance value goes to the parties to whom the 
revenues from the auction are directed.” (EAAC: 2010) 

As other studies have shown at the national level (e.g. Goulder et al:2009, 
Burtraw and Palmer:2008), the choices of both allowance distribution and value 
provision can affect economic efficiency and fairness.  If firms pay for the right to 
pollute in an auction (S1), the resulting cost for industry can be offset for society 
by returning the permit revenues to society. The net economic impact of this 
approach, taxing a negative social externality and returning the revenues to 
households, depends on complex adjustments in industry and extended demand 
effects in consumption. When permits to pollution are given away (S3), society 
bears the burden of pollution without compensation, and firms adapt to limits on 
global warming pollution while reaping windfall profits on tradable permit values. 
These are the general equilibrium effects that a model like BEAR is designed to 
elucidate.  
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Once the scope of auctioning is decided, governments can do many things 
with permit revenue. In this study, test the implications of the current 
recommendations of the state’s Economic and Allocation Advisory Committee 
(EAAC) and California Air Resource Board, redistributing or recycling permit 
revenues to households, an approach popularly known as Cap and Dividend. 
The actual recycling rule itself is important, and here we consider two basic 
alternatives, (1) tax reduction and (2) equal per capita transfer payments.  

Table 8: Level and Composition of Permit Revenue Rebates and Transfers  
(based on a permit price of $21/MMT, 2007 millions of dollars) 

 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Permit Value  4,279   4,195   4,111   9,133   8,890   8,647   8,404   8,161   7,918  
Free Allocation  4,279   3,671   3,084   5,708   4,445   3,243   2,101   1,020   -    
Per Capita Dividend  -     524   1,028   3,425   4,445   5,404   6,303   7,141   7,918  
Total Dividends  -     -     -     -     -     -     -     -     -    
< $12k  -     51   100   334   433   527   615   696   772  
$12-28k  -     99   194   646   839   1,020   1,189   1,347   1,494  
$28-40k  -     69   136   452   586   713   831   942   1,044  
$40-60k  -     88   173   578   750   912   1,063   1,204   1,335  
$60-80k  -     69   136   452   586   713   831   942   1,044  
$80-200k  -     132   258   860   1,116   1,357   1,582   1,792   1,987  
$200k+  -     16   31   104   135   164   191   217   241  
Total  -     524   1,028   3,425   4,445   5,404   6,303   7,141   7,918  
Average/HH  -     42   82   274   355   432   504   571   633  

Note: Flows are totals for all households in each tax bracket, not per household amounts. 
Source: Author estimates. 

 
In Table 8, we present calculations of the flows of estimated value for a 

sample permit price of $21/MT, as these would accrue in the recycling scenarios 
above. To be concise, we use the Scenario 2b scalable auction scheme and per 
capita transfers as an example. Comparing these results to the aggregate 
household income impacts at the outset of this section, we can see that recycling 
is an important offset to the cost of the program, even when firms are allowed to 
more gradually assume the burden of carbon costs. 

The Role of Innovation 
An important characteristic of most AB32 scenario analysis is technological 

neutrality.11 This means that, apart from energy savings embodied in 
                                            

11 This includes all estimates by CARB (2010), Charles River Associates (2010), and many 
others. 
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complementary measures (e.g. fuel efficiency mandates), factor productivity, 
energy use intensities, and other innovation characteristics were held constant 
across cap and trade scenarios. Energy use and pollution levels might change, 
but the prospects for innovation to reduce energy intensity and improve 
productivity were not considered. This perspective is unrealistic and significantly 
biases results against climate policy. Technological change in favor of energy 
efficiency has been a hallmark of California’s economic growth experience over 
the last four decades. Over this period California has reduced its aggregate 
energy intensity by about 1.5% per year, attaining levels that today are 40% 
below the national average. Structural changes in the economy have played a 
role, but most observers give a significant amount of credit this technological 
progress to California’s energy/climate policies,  combinations of mandated and 
incentive based efficiency measures from which the Climate Action Team 
recommendations are direct descendants. Thus, energy innovation has been part 
of the history of the state’s economic growth and at the same time a 
consequence of its policies.  

Figure 5: Induced Innovation in Refrigerator Technology 

 

Source: Rosenfeld (2008) 
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Induced innovation was a strong private sector response to the state’s historic 
efficiency standards. This is typified by appliances general and refrigerators in 
particular. As Figure 5 clearly illustrates, not only did energy efficiency sharply 
increase with standards, but capacity remained high and prices fell nearly 
continuously. Just as importantly, because of economic prominence, California 
also set the de facto national standard for appliance producers, and the later 
application of national appliance efficiency standards had a small incremental 
effect because manufacturers already met or exceeded California standards, a 
precedence benefit often overlooked in the AB32 dialog. 

For these reasons, it is important to consider the potential contribution of 
continued innovation to the economic effects of California climate policy. For 
illustrative purposes, we used the BEAR model for one comparison case to 
illustrate what innovation could contribute to the economic impact estimates 
already discussed. In particular, we assume in Scenario 4 that California extends 
baseline and AB32 aggregate energy efficiency improvements by exactly 1%  per 
annum over 2012-2020. This amount is intended to be indicative only, and would 
be on top an estimated 1.1% annual average achieved by AB32 policies. Over 
three decades from the early 1970s until 2002, the state averaged 1.5% 
improvements. With the much more determined policy commitments embodied in 
AB32, it is reasonable to expect significant increases in Autonomous Energy 
Efficiency Improvements (AEEI). 

Before proceeding to the results discussion, it is worth reminding the reader 
that forecasting models are not crystal balls that magically foresee the future 
against all uncertainty, but empirical tools based on best available evidence, 
analytical tools, and assumptions about residual uncertainties. The data are 
discussed throughout this report, the model summarized in Annex 1 and fully 
documented elsewhere (Roland-Holst: 2009). For convenience, in the following 
table we summarize the main residual assumptions about AB32 implementation. 
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Table 9: Assumptions 

 Component Assumption 
1 GHG Pollutants  CO2, CH4, N2O, SF6, PFC, and HFC 
2 2020 Goal  15% below 2005 emissions 
3 Covered Sectors  

 2012-2014 Electricity and Large Industrials 
 2015-2020 Electricity and Large Industrial, 

transportation fuels, commercial and 
residential fuels and small industrial 

4 Banking Banking is not modelled 
5 Cap Trajectory Stepwise and Linear phase-in 
6 Allocation As in scenarios 
7 Offsets Offsets estimated to 49% of C&T 

reducton 
8 EE: Energy 

Efficiency 
Assume California sustains its historical 
1.5% EE improvement per year to 2020 

9 Criteria 
Pollutants 

TOG, ROG, COT, NOX, SOX, PM, PM10, 
PM25 
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Macroeconomic Results 
For the scenarios discussed above, the BEAR macroeconomic assessment 

effects are presented in Table 10 below. A few salient results are immediately 
apparent in both tables. Firstly, central tenets of the EAAC advisory report are 
strongly supported by these findings. In particular: 

1. Permit auctions with revenue recycling reduce overall costs to the state 
economy. 

2. For recycling, income tax relief is more efficient (lower cost) from a 
macroeconomic perspective than lump sum transfers. 

3. Free allocation of the right to pollute increases economic costs to society. 

  
 

Table 10: Aggregate Adjustments  
(percent changes from baseline values in 2020) 

 
 S1a 

Full-a 
S1b 

Full-b 
S2a 

Half-a 
S2b 

Half-b 
S3 

Free 
S4 

AEEI 
Total GHG* -27.58 -27.67 -27.79 -27.83 -27.78 -25.96 
Household GHG* -31.47 -31.50 -31.48 -31.49 -31.48 -31.31 
Industry GHG* -25.33 -25.47 -25.66 -25.73 -25.64 -22.87 
Real GSP -0.23 -0.31 -0.52 -0.56 -0.67 4.44 
Real Consumption 0.01 0.39 -0.95 -0.77 -1.97 3.97 
Employment* 0.55 0.58 -0.21 -0.19 -0.61 3.10 
Permit Price $21  $19  $31  $28  $43  $18  
       
Jobs Created (1000) 163 177 65 70 47 623 
Jobs Lost -53 -62 -107 -108 -167 -9 
Net  109 115 -41 -38 -120 614 
Income Per Capita -103 -137 -231 -248 -296 1,959 

Source: Author estimates. 
BCD!"%&4-6!$&-+%!-)!9::;!3(88#&'!$%&!4%6&-+!6()!(<!=>9!%?2-@#8%)6!+#&7()1!-)!9:9:A!

 

The reasons for these three impacts are already widely discussed in the 
literature on allocation, although this is the first effort to measure them in the 
context of AB32. Goulder et al (2009) found the same kinds of effects at the 
national level, and Burtraw and Palmer (2008) have similar findings that are 
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focused on the electric power sector. What is novel about these California results 
is the magnitude of the demand side impact of revenue recycling.  

As a number authors (e.g. Smith et al: 2002, Smith and Ross: 2002, Stavins: 
2007) have already observed, however laudable the goal of climate change 
mitigation, permit auctions present costs to polluting industries. Goulder et al 
(2009) make a more subtle point that the resource royalty value of permits, even 
if received free, still embeds an opportunity cost on firm balance sheets, 
presenting an opportunity to profits by reducing output. In either case, permits 
induce an adverse supply side shock on the economy. If they are auctioned and 
the revenues given to households, however, this creates an offsetting demand 
side stimulus.  

Ultimately, the net macroeconomic impact depends on the magnitude and 
composition of these two, and the results in Table 10 show how complex this can 
be. For example, when all permits are auctioned and all revenue given to 
households (S1ab), the demand side stimulus offsets nearly all the supply side 
shock. Conversely, free allocation of permits reduces the demand side potential 
of recycling and therefore increases net economic costs. 

More dramatically, demand side forces actually increase total California 
employment, creating over 100,000 additional jobs by 2020. The reason 
employment can increase while GSP remains essentially constant is because the 
demand growth from revenue recycling is more employment intensive than are 
the sectors with lower growth under AB32. Like most OECD economies, 
California is properly seen as post-industrial in structure, with more than two-
thirds of demand, value-added, and employment in service sectors. As the 
following figure illustrates, these sectors are 10-50 times more job intensive (per 
million of output value) than the carbon fuel supply chain. For this simple reason, 
transferring resources from the latter to households (Expenditure Shifting) will 
create more jobs.12  

A second robust finding of this analysis is at least as important. The overall 
growth impact in all four Case 1 versions of this ambitious climate policy package 
is very modest or even negligible, changing state real GSP by about half of one 

                                            

12 Because carbon fuels are also import-intensive, more demand will be directed at in-state goods 
and services. As others have observed, however, this import reduction will be offset by real 
exchange rate appreciation, attendant export reductions, and ambiguous net employment effects. 



` 

Roland-Holst | AB32 Assessment 46 
!
!

percent annually by 2020, cumulative GSP about half this much, and real state 
employment in 2020 by even less. Under our hypothetical induced innovation 
scenario, whereby energy and emissions policies lead to meaningful gains in 
energy efficiency over the business-as-usual scenario, employment in the state 
actually increases significantly, as productivity rises and expenditures shift from 
imported energy dependence to demand for more labor-intensive in-state goods 
and services. What this means in practical terms is quite simple. The state can 
achieve its ambitious climate objectives, unprecedented GHG mitigation, over the 
next decade with a deferred growth impact of about three months. Since we have 
taken no account of the environmental cost of doing nothing, this seems like a 
bargain.13 

Permit prices are obviously central to this analysis and to Cap and Trade  
generally. The BEAR model estimates these prices as the outcome of a market 
process that, in a competitive auction of pollution rights, would equate permit 
prices with the economywide private marginal cost of CO2 abatement. As the 
results in Table ES-6 suggest, BEAR estimates of this cost are comparable to 
those of CARB (coinciding in the reference case), but lower than many estimates 
circulated by industry sources.  

Our estimated permit prices vary somewhat across scenarios, with permit 
prices rising as with the proportion of free allowance allocation and falling with 
energy efficiency improvements (S4). When some share of permits are allocated 
free, the remaining marketable share is constrained and competition for these 
intensifies. Looked at another way, in a competitive framework lower cost permits 
will be used to cover lower (abatement) cost emission reductions, so tradable 
permit prices reflect the higher end of the abatement cost curve. Permit prices 
are slightly lower in the lump sum redistribution case because changing demand 
patterns shift economic structure toward tertiary, less pollution intensive 
activities. 

On the general issue of job estimates, two important points should be made. 
Firstly, even in the strongly negative scenario (S3/Free Pollution), there is no 
reduction in aggregate California employment, Baseline growth far exceeds the 
estimated downward adjustment by 2020 (about 27%). In none of these results 
do we see job losses compared to levels today, only slower employment growth. 

                                            

13 For a detailed review of California climate impacts, see e.g. Kahrl and Roland-Holst: 2008. 
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Secondly, although net job changes are small, job turnover as result of AB32 is 
often much larger. Because the skills required for these jobs can be quite 
different, this labor market adjustment will be a more complex prospect than 
suggested by merely adding new and lost job numbers to find the result for net 
employment.  
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Figure 6: How Revenue Recycling and Energy Efficiency Create Jobs 

 

Source: Roland-Holst, David “Energy Efficiency, Innovation, and Job Creation in California,” Next10.org. 
 

Finally, the efficiency and innovation scenario (S4/AEEI), is by far the most 
pro-growth. The reason for this is productivity growth via technology adoption 
and more intensive expenditure shifting, i.e. multiplier effects, coming from two 
sources. A carbon trading system provides a direct and transparent incentive for 
technology adoption and reduce carbon fuel expenditures, and to change 
expenditure patterns in ways that promote innovation. If users face the prospect 
of paying for pollution rights, their expenditures shift toward public goods and 
services that are more employment intensive than would be higher fuel spending. 
Those who avoid permit fees by investing in energy efficiency will save money in 
the long run, spending that on more conventional and generally more job 
intensive alternatives. This pattern of direct and indirect expenditure shifting has 
for a generation helped California to ever higher environmental and living 
standards. The future holds the same promise for positive, innovation based 
synergy between environmental values and livelihoods, and forward looking 
policies like AB32 can help to realize this potential, securing prosperity for 
another generation. 
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In terms of permit prices, we see some variation across scenarios. In 
comparison to tax reductions ($21 allowance price, S1a), lump-sum redistribution 
leads to lower long term demand stimulus and thus achieves emission reduction 
at a slightly lower price. When pollution is partially or completely free, two forces 
are at work. Demand side weakness (less recycling resources) makes emission 
reduction cheaper, but permit discounts reduce the incentive to abate pollution. 
For the free permit scenarios considered (S2ab, S3), the latter prevails and 
higher nominal permit prices are needed to offset (average) permit discounting. 
Finally, the AEEI scenario achieves mitigation by Cap and Trade as well as 
higher innovation potential, meaning a lower permit price can hit AB32’s 
mitigation targets.  

Before moving on to the distributional results, the effects of these policies on 
energy prices should be considered (Table 11). After aggregate growth, the 
“burden” of energy costs has been the most debated issue surrounding climate 
action. Imposing a price on carbon emissions will obviously increase the cost of 
carbon-based energy sources, but the ultimate impact of this on prices depends 
on both supply and demand. The BEAR results suggest that the demand side of 
energy markets, under determined policies of climate action, will prevail in many 
cases and substantially mitigate price increases in others. In contrast to industry 
estimates of 20% and higher electricity price increases, we see single-digit 
increases in technology neutral scenarios and price declines in more the 
historical efficiency/productivity scenario.14 Meanwhile, natural gas prices actually 
decline, gasoline prices rise negligibly, and overall energy price indexes for 
households and all state demand rise only modestly over the decade.  

Table 11: Energy and Fuel Prices 
(percent changes from baseline in 2020) 

 S1a 
Full-a 

S1b 
Full-b 

S2a 
Half-a 

S2b 
Half-b 

S3 
Free 

S4 
AEEI 

Electricity 2.3% 2.1% 3.3% 3.1% 4.1% -5.4% 
Nat. Gas -1.2% -0.9% -1.3% -1.0% -2.4% -2.7% 
Gasoline 2.2% 2.1% 3.3% 3.1% 3.8% -2.0% 
HH Energy 1.6% 1.5% 2.4% 2.3% 2.7% -3.5% 
All Energy 0.9% 0.9% 1.5% 1.5% 1.4% -3.3% 

 Source: Author estimates. 
 

                                            

14 It should be emphasized that the present modeling framework assumes electricity prices are 
market determined, a simplification that may not be too restrictive in the long run, but needs to be 
interpreted with care. 
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Household Results 
We now examine AB32 impacts from the household perspective.  Table 12 

provides detailed income effects for different tax brackets of household income.  
As is generally true in economics, beneath the smooth veneer of aggregate 
growth lies a complex array of adjustments, more diverse outcomes, and even 
tradeoffs. In the present context, this means that choice of both the permit 
allocation and revenue recycling scheme is important to income distribution, even 
with relatively small aggregate stakes. For example, the lowest income group 
actually benefits in all scenarios, in the first instance because of policy induced 
energy savings and secondly when the recycling scheme is per capita (S1b and 
S2b). Conversely, higher income groups lose most because of adverse capital 
income effects (permit and adoption cost), and even more when recycling is per 
capita rather than per dollar of prior tax liability. 

Because of California’s progressive tax structure, permit revenue recycling 
schemes have differing impacts across the income distribution. For lower and 
middle income households, per capita lump sum recycling is better than tax 
relief, so it either increases benefits or lowers costs. For the highest income 
groups, tax breaks would be more attractive because their rates are well above 
average. Thus their costs under the “a” (tax break) scenarios would be about half 
those under the per capita rebate scheme. For the economy as a whole, tax relief 
is better for the macro economy than lump sum transfers, yet some might argue 
that the latter is more defensible on equity grounds. This point cannot really be 
adjudicated by economic analysis unless long term growth benefits of tax relief 
are large and dispersed enough to benefit a significant majority of households, in 
which case macro efficiency and equity could be reconciled. 
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Table 12: Real Income Effects by Household Income Level 
(percent changes from baseline in 2020) 

 
 S1a 

Full-a 
S1b 

Full-b 
S2a 

Half-a 
S2b 

Half-b 
S3 

Free 
S4 

AEEI 
< $12k 0.3% 1.2% 0.3% 0.8% 0.3% 1.1% 
$12-28k 0.1% 0.8% -0.5% -0.1% -0.8% 3.5% 
$28-40k 0.2% 0.7% -0.6% -0.3% -0.9% 3.4% 
$40-60k 0.5% 1.2% -0.8% -0.4% -1.7% 2.5% 
$60-80k 0.2% 0.7% -0.7% -0.4% -1.4% 3.5% 
$80-200k 0.0% -1.2% -1.2% -1.7% -3.2% 4.0% 
$200k+ -1.0% -7.4% -3.4% -6.3% -8.2% 1.6% 
Total 0.2% 0.4% -0.7% -0.5% -1.4% 3.1% 

Source: Author estimates. 
In all technology neutral scenarios, however, we see the same small 

aggregate income effects, deferring about three month’s GSP growth in a decade 
to achieve unprecedented GHG mitigation and enhanced energy security. At the 
outset of this study, we considered designing targeted energy cost assistance to 
the poor, in order to address concerns expressed by stakeholder groups and the 
state itself. The real effect of energy costs on households is detailed in Table 13, 
where we see the interplay of two essential forces, energy prices and energy 
demand. Simply put, the former are small and mixed while the latter are large 
and negative. Program efficiency improvements and household incentives to 
reduce energy use drive demand declines in the same direction, and overall 
energy expenses are dominated by this effect. In Scenario 4, growth effects 
offset efficiency gains in terms of energy expenditures. In any case, these results 
suggest that the issue of energy cost of living adjustments for the poor will be 
rendered superfluous by a combination of program efficiency gains and market 
forces, as long as the regulatory apparatus allows energy prices to reflect these.   

Table 13: Household Overall Energy Expenses 
(percent changes from baseline in 2020) 

 S1a 
Full-a 

S1b 
Full-b 

S2a 
Half-a 

S2b 
Half-b 

S3 
Free 

S4 
AEEI 

< $12k -10.6% -10.4% -10.6% -10.5% -10.9% -14.7% 
$12-28k -8.7% -8.5% -8.8% -8.7% -9.2% -12.3% 
$28-40k -9.5% -9.4% -9.7% -9.5% -10.1% -13.1% 
$40-60k -10.1% -9.9% -10.2% -10.1% -10.6% -13.6% 
$60-80k -13.9% -13.7% -14.1% -13.9% -14.5% -17.0% 
$80-200k -13.0% -13.0% -13.1% -13.1% -13.7% -16.1% 
$200k+ -35.3% -35.6% -35.5% -35.6% -36.0% -36.3% 
Total -10.9% -10.7% -11.1% -10.9% -11.5% -14.4% 

Source: Author estimates. 
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Transfers and Tax Credits 
For auctioned permits, the recycling scenarios we consider allocate permit 

revenues in two ways. In scenarios 1a, 2a, and 4, we assume that revenues are 
returned to households with equi-proportional reductions in baseline income 
taxes. This means that households will receive rebates proportional to their 
individual contribution to overall tax revenue.15 In scenarios 1b, and 2b, we 
assume the total revenue is allocated equally, meaning every household gets the 
same lump sum transfer payment. The implications of these approaches for the 
overall economy have already been discussed. Generally speaking, the 
proportional approach is more economically efficient, reducing inframarginal 
taxes and returning more money to households with higher saving rates, which 
offers more investment stimulus over the long run. 

To see the direct household impacts of these approaches, the following two 
tables give estimates rebates under the two groups of scenarios. For the equal 
payments, we show annual redistribution, per household, and the cumulative 
rebate over the policy interval considered (2012-2020). For the proportional 
approach, we only show results for the final year because households receive 
different rebates. 

Table 14: Household Lump-sum Dividends from  
Auctioning Pollution Rights  

(payment per CA household per year, 2007 constant dollars) 
/HH Full-a Full-b Half-a Half-b Free AEEI 

8;58!  $300   $221  $0   
8;5<!  $294   $216  $0   
8;5=!  $288   $212  $0   
8;5>!  $639   $471  $0   
8;5A!  $622   $459  $0   
8;5?!  $605   $446  $0   
8;5C!  $588   $434  $0   
8;5@!  $571   $421  $0   
8;8;!  $554   $408  $0   

Total  $4,462   $3,288  $0   
Average  $827  $609 $0   

Source: Author estimates. 
 
                                            

15 We assume that total (State and Federal) household income tax payments are used to 
calculate these proportions. 
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Table 15: Household Income Tax Dividends from  
Auctioning Pollution Rights  

(income tax remission per CA household in 2020, 2007 constant dollars) 
  Full-a Full-b Half-a Half-b Free AEEI 

1 < $12k $57   $42    $49  
2 $12-28k $108   $80    $92  
3 $28-40k $172   $127    $148  
4 $40-60k $251   $185    $215  
5 $60-80k $306   $226    $262  
6 $80-200k $1,170   $864    $1,003  
7 $200k+ $4,956   $3,658    $4,248  

 Wgt Average $647  $478   $555 
Source: Author estimates. 
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Sector Adjustments 
While the macroeconomic impact of AB32 on the California appears to be 

quite small, there are concerns that the smooth aggregate veneer of the 
economy masks dramatic adjustments across sectors. We have already seen 
diversity of outcomes across household groups, although these again are not 
large. Intuition does support the idea, however, that transition to a low carbon 
future has bigger implications for energy sectors and energy intensive activities 
than for others.  

To elucidate these adjustments, Table 16 presents detailed output impacts for 
each scenario and all 50 sectors of the BEAR model, expressed percentage 
changes from baseline values in 2020.  The salient features of these results are 
consistent both with intuition and related estimates by others (e.g. Goulder et al: 
2009, CARB: 2010, Smith and Ross: 2002, etc.). Firstly, most sectors exhibit 
relatively small output changes, in line with the macroeconomic impacts. Second, 
large negative impacts are concentrated in a small number of energy and carbon 
intensive activities, precisely the objective of transition to a lower carbon future. 
Lastly, a number of sectors are specific beneficiaries of complementary policies. 
Building standards, for example, have a very tonic effect on all aspects of the 
state’s important construction sector, while Pavley and related transport fuel 
efficiency standards stimulate the new vehicle sales. 

Among sectors specializing in energy fuels and energy carriers (electricity), 
adjustment again accord with intuition regarding low carbon transition. Carbon 
intensive energy sources experience slower growth, but not declining overall 
output to 2020, but natural gas enjoys growth because of fuel substitution. and 
electricity demand declines. Meanwhile, electricity use grows more slowly than 
baseline trends because of fuel efficiency, but not as fast as carbon fuels 
because of renewable deployment. 
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Table 16: Output Changes by Sector and Scenario 
(cumulative 2010-20 percent change form Baseline) 

 S1a S1b S2a S2b S3 S4 2010-20 
Baseline 

Agriculture -0.4 -0.7 -0.8 -0.9 -0.7 3.2 30.8 
Cattle 4.7 4.3 0.5 0.4 -0.6 5.6 31.2 
Dairy 1.5 1.1 -0.4 -0.5 -0.6 4.4 34.3 
Forestry, Fishery 4.1 3.8 0.6 0.5 -0.2 5.6 38.6 
Oil and Gas Extraction -16.4 -16.7 -16.2 -16.3 -15.7 -13.1 25.8 
Other Primary 0.2 -0.1 -0.2 -0.4 0.0 2.3 20.1 
Electricity 1.6 1.5 1.3 1.3 1.3 7.4 5.4 
Natural Gas Dist. 8.5 8.5 8.1 8.1 8.0 10.6 9.0 
Water, Sewage, Steam 5.6 5.6 0.7 0.8 -1.1 6.3 33.7 
Residential Construction -0.9 -1.5 -0.9 -1.2 -0.6 1.8 27.7 
Non-Res Construction 3.1 3.1 2.8 2.8 2.7 5.5 27.1 
Other Construction -0.1 -0.5 0.2 0.1 0.9 2.3 22.3 
Food Processing 0.3 0.3 -0.6 -0.4 -1.0 2.8 22.3 
Textiles and Apparel 0.9 0.9 0.3 0.2 0.2 2.3 17.5 
Wood, Pulp, and Paper 0.9 0.7 -0.1 -0.2 -0.2 3.5 33.7 
Printing and Publishing 0.0 -0.1 -0.2 -0.2 -0.2 2.3 25.4 
Oil and Gas Refineries -6.5 -6.6 -6.8 -6.8 -6.7 -4.0 27.0 
Chemicals -0.4 -0.7 -0.6 -0.7 -0.3 2.9 32.3 
Pharmaceuticals 0.6 0.6 0.3 0.3 0.3 3.6 27.9 
Cement 0.2 0.0 -0.3 -0.4 -0.1 2.5 25.8 
Metal Products 0.0 -0.2 -0.1 -0.3 0.4 3.2 37.0 
Aluminium Prod 1.9 1.6 0.1 -0.1 0.0 3.5 33.2 
Machinery 0.7 0.5 0.5 0.4 0.9 2.2 18.0 
Air Con, Refridge Prod 7.5 7.2 3.2 3.0 2.0 6.3 20.7 
Semiconductors -0.6 -1.0 -0.7 -0.8 -0.6 1.3 19.8 
Electrical Appliances 0.7 0.7 -0.1 -0.2 -0.1 0.3 8.5 
Autos and Light Trucks 8.7 9.1 6.1 6.4 4.6 7.3 9.1 
Other Vehicles 2.3 2.2 1.1 1.0 0.9 3.6 22.8 
Aeroplane and Aerospace 0.1 0.0 0.0 0.0 0.1 0.7 27.2 
Other Industry 0.2 0.0 0.0 -0.1 0.1 2.8 27.9 
Wholesale Trade 0.0 0.0 -0.2 -0.2 -0.2 3.2 29.8 
Vehicle Sales/Service 0.5 0.5 -0.1 0.0 -0.4 3.7 30.3 
Air Transport -0.4 -0.7 -0.9 -0.9 -0.9 2.4 25.9 
Ground Transport -0.5 -0.8 -0.8 -0.9 -0.6 3.8 38.9 
Water Transport 1.1 0.8 0.1 -0.1 0.2 3.0 24.8 
Truck Transport -0.1 -0.4 -0.6 -0.7 -0.4 2.8 29.1 
Public Transport 9.1 8.8 1.6 1.6 -0.3 6.9 31.8 
Retail Appliance 0.8 0.6 0.5 0.4 0.9 3.4 30.2 
General Retail 0.2 0.3 -0.4 -0.3 -0.9 3.2 24.7 
InfoComm Services 0.3 0.3 0.1 0.1 0.0 3.2 28.3 
Financial Services -0.5 -0.5 -0.7 -0.7 -0.9 3.0 30.4 
Other Prof Services 0.0 0.0 -0.3 -0.3 -0.4 2.6 26.0 
Business Services -0.2 -0.2 -0.6 -0.6 -0.8 2.4 25.7 
Waste Services 0.4 0.0 -0.8 -0.9 -1.0 3.2 33.5 
Landfill 2.5 2.2 -0.8 -0.9 -1.6 3.5 33.2 
Educational Services 2.1 2.3 0.7 0.9 -0.1 4.6 25.1 
Medical Services 0.5 0.7 -0.3 -0.1 -1.0 2.7 18.5 
Recreation and Cultural 0.8 0.8 0.3 0.4 0.2 4.1 31.5 
Hotel and Restaurant -0.1 -0.1 -0.1 -0.1 0.1 3.1 28.7 
Other Private Services 0.4 0.4 0.1 0.1 0.0 3.6 30.5 
Grand Total -0.2 -0.3 -0.5 -0.6 -0.7 2.7 27.0 
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Leakage 
One of the most widely debated issues related to California climate policy is 

the so-called “leakage” effect. This term describes the exodus of business activity 
from one jurisdiction to another, or growth displacement from a home market to 
one outside, because of changing regulatory or market conditions. In particular, if 
one jurisdiction imposes more stringent rules or fees, leading to higher relative 
costs of operation, firms may be induced to migrate. Conversely, tax incentives, 
resource discoveries, productivity growth, and other conditions that reduce 
relative costs can attract enterprise migrants. Sometimes, activities may be fully 
financed (e.g. public goods and services) or forbidden by government, but in 
most cases firms exercising free will to choose their production venue by 
weighing local relative costs against advantages of market proximity. Thus the 
issue leakage ultimately becomes an empirical question. 

Leakage presents both private and public challenges. Leakage will limit local 
economic opportunities for workers and some supporting economic activities, 
although it may also alleviate high costs and improve conditions for other 
enterprises and competitors. From a public sector perspective, leakage might be 
seen as an adverse investment climate indicator, undermining public efforts to 
attract and retain new business. Again, however, leakage of one industry may 
simply be a symptom of industrial transition that makes way for new patterns of 
business activity. In any, case leakage remains a policy priority for consideration 
in the context of AB32, where it is considered primarily in terms of emissions, i.e. 
a transfer of emissions from inside to outside California. This perspective 
suggests that leakage not only represents foregone economic activity in the 
state, but also an adverse environmental spillover from California. The panel 
explicitly recognized its importance in its main advisory recommendations to 
CARB: 

“The ARB should rely on free allocation as a distribution mechanism only 
where necessary to address “emissions leakage,” i.e., increases in out-of-
state GHG emissions generated by California’s climate policy.” (EAAC: 2010) 

This means that EAAC’s general finding in favor of permit auctions might exempt 
cases where permit costs transfer emission activity out of state. Because of 
process/technology differences and very heterogeneous market conditions 
outside California, it is nearly impossible to assess leakage in terms of exact 
emissions creation and diversion. Instead, here we attempt to infer leakage risk 
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on the basis of conjoint adjustments of in-state and out-of-state economic 
activity.  

It has been argued by industry advocates that AB32 will impose adjustment 
costs on California enterprises that are high enough to trigger significant leakage 
form the state economy. Counterarguments to this are many, including the 
observation that most historical environmental compliance represents only a few 
percentage points of total cost, high relocation costs, and strong historical 
evidence of firm retention in the Golden State. The latter evidence is perhaps 
most compelling, as California has enjoyed a long history of net enterprise 
immigration despite ever-escalating property prices, wages, and many other 
attendant local cost premia. 

In addition to weak evidence supporting threat of leakage, this issue is difficult 
to adjudicate empirically because the deciding factors are so heterogeneous, 
varying from facility to facility, firm to firm, market to market, and across time.  
The BEAR model does not track enterprise dynamics at this level of resolution, 
neither are their data to support such analysis. Having said this, however, it is 
possible to infer the potential for leakage indirectly using BEAR’s external trade 
linkages. In the present case, we examine sectors that experience output 
declines under AB32, combined with increases in the same sector’s imports from 
outside California. Such combinations suggest potential substitution between in-
state and out-of-state goods and services, although this is a weaker condition 
than firm exit. Other explanations for this include demand side factors like 
changes in tastes (product variety) and other changes in competitive conditions. 

Even by this relatively expansive definition, however, the results in the 
following table suggest that leakage risks from AB32 are isolated and small in 
terms of employment vulnerability. The first four columns of this table display 
import changes (increases) as a percent of in-state output changes 
(decreases).16 This coincidence only occurs in only 18 of 50 sectors, and on 
average import penetration only represents less that 25% of the output decline in 
question. In other words, the vast majority of sector contractions is a result of low 
carbon structural adjustment, not leakage or other strategic substitution of 
imports for in-state products and/or services.  

                                            

16 Scenario S4 is omitted from the table because it has no cases of potential leakage. 
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The last four columns of the table show the number of jobs associated with 
leakage potential, or the number of jobs embodied in imports that coincide with 
declining in-state output. Across the state’s labor markets, and especially in the 
context of aggregate job creation and destruction (in both the Baseline and 
scenarios), these numbers are small enough (less than 5% of job creation or 
losses) to suggest that leakage can be easily and economically addressed with 
re-employment and re-training policies. Surely this adjustment is operating on a 
far different scale from momentous issues like climate mitigation and adaptation, 
which implicate trillions of dollars in real California assets.17 

More generally, our results strongly support EAAC in qualifying the 
commitment to addressing leakage with policy exceptions. In particular, we find 
strong evidence to support the following assertion: 

“The need for free allocation to address emissions leakage is likely to be small, 
for two reasons. First, as a share of total allowance value, the share needed to 
deal with potential leakage is small. Second, other mechanisms such as border 
adjustments sometimes offer a more cost-effective way to address leakage.” 
(EAAC: 2010) 

                                            

17 Throughout this assessment, we examine climate action against a business as usual scenario, 
taking no account of the costs of doing nothing. As a number of detailed and rigorous studies 
have shown, however, the cost of adaptation for California could easily dwarf the AB32 
adjustment costs we are estimating. 
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Table 17: Leakage Potential 
(percent change from Baseline in 2020; jobs in absolute terms) 

 % Import/Output Changes  Jobs Vulnerable to Leakage 
 S1a S1b S2a S2b S3  S1a S1b S2a S2b S3 

Agriculture -40 -36 -5 -8   -756 -1,055 -332 -540  
Cattle            
Dairy            
Forestry, Fishery            
Oil and Gas Extraction            
Other Primary            
Electricity            
Natural Gas Dist.            
Water, Sewage, Steam            
Residential Construction            
Non-Res Construction            
Other Construction  -64      -67    
Food Processing            
Textiles and Apparel            
Wood, Pulp, and Paper            
Printing and Publishing  -20      -6    
Oil and Gas Refineries            
Chemicals            
Pharmaceuticals            
Cement            
Metal Products            
Aluminium Prod            
Machinery            
Air Con, Refridge Prod            
Semiconductors            
Electrical Appliances -264 -28     -230 -38    
Autos and Light Trucks            
Other Vehicles            
Aeroplane and 
Aerospace 

           

Other Industry            
Wholesale Trade            
Vehicle Sales/Service            
Air Transport            
Ground Transport -162 -151 -33 -40   -2,739 -3,159 -727 -976  
Water Transport            
Truck Transport -18 -11 -2 -3   -58 -86 -36 -49  
Public Transport            
Retail Appliance            
General Retail            
InfoComm Services            
Financial Services            
Other Prof Services            
Business Services            
Waste Services   -2 -3 -1    -12 -20 -7 
Landfill   -15 -15 -19    -19 -20 -38 
Educational Services            
Medical Services            
Recreation and Cultural            
Hotel and Restaurant            
Other Private Services            
Total       -3,782 -4,400 -1,126 -1,604 -45 
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Criteria Pollution Impacts 
Simulation results of the last section apply to CARB’s primary climate 

objective, reducing global warming pollution. While GHG emissions are the 
primary focus of AB32, however, it also represents an important landmark for all 
environmental policy. While achieving dramatic gains in reduction of global 
warming pollution, AB32’s effects on other categories of emissions will be indirect 
and depend on collateral details of policy implementation. From a toxics and 
public health perspective, however, criteria pollutants remain an important 
environmental category. Since AB 32 has not directly targeted at these, the 
effects of its approach to GHG reduction may have unintended consequences.  

The EAAC explicitly recognize such collateral environmental risk and included 
criteria pollutant mitigation explicitly in its advisory recommendations: 

“In keeping with the stipulated objectives of AB 32, sufficient allowance value 
should be earmarked for the purposes of (1) addressing emissions leakage 
(when other mechanisms cannot easily or effectively be engaged for this 
purpose), (2) avoiding disproportionate adverse economic impact of AB 32 on 
low income households, and (3) creating a contingency fund to be devoted to 
any communities eventually found to be experiencing increased exposure to 
co-pollutants as a result of possible fossil-fuel burning stemming from AB 32 
implementation. It is anticipated that a relatively small share of the state’s 
total allowance value would be needed for these purposes.” 

We used the BEAR model to provide estimates of such collateral impacts, 
focusing on three representative scenarios (S1a, S3, and S4). These results 
show (Figures 6 and 7) that, in both relative and absolute terms, AB32 achieves 
a modest amount of collateral mitigation in criteria pollutants. When pollution 
permits are auctioned (S1a), the resulting demand side economic stimulus 
reduces this mitigation, but the amounts are very small in both cases. Finally, 
recall that the efficiency/innovation scenario (S4) achieved the same overall GHG 
reductions, yet criteria pollution changes in this “green growth” scenario are 
significantly positive. Thus we are reminded that growth oriented climate action 
requires a more determined approach to complementary measures. In all cases, 
however, our findings bear out the insight of EAAC above, that criteria impacts of 
AB32 are quite negligible in the aggregate.  
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Figure 6: Criteria Pollution Impacts 
(percent change from Baseline in 2020) 

 
 

Figure 7: Criteria Pollution Impacts 
(Kiloton/yr changes from Baseline in 2020)  
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Other Observations 
In closing this assessment, it is worth noting that other findings have 

suggested larger growth costs from climate action policies. The main reason for 
this, as we interpret our own and alternative analysis, is failure to incorporate the 
many positive economic stimuli associated with the AB32 policy package. This 
included significant new demand for construction, technology, natural gas, and 
other components of a structural transition to greater energy efficiency and green 
modernization of the state economy.18  

Emissions adjustments are generally what would be mandated by the 
component policies themselves, although they can vary in the BEAR model 
because emission levels are endogenous. This happens for three reasons: 

1. Policy interaction – In some cases, policies have interactive direct and 
indirect effects. The former will be deterministic ex ante, and are simply 
additive. The latter can be quite complex and require detailed 
inspection to identify positive and negative synergies. 

2. Technical substitution – The current scenarios do not take account of 
the widely perceived potential for climate policies to induce innovation, 
but BEAR model does allow for technical substitution. In response to 
price changes, individual sectors a can be expected to substitute fuels, 
other inputs, and/or factors of productions to achieve greater cost 
effectiveness. 

3. Indirect price effects – Sometimes referred to as rebound effects, these 
price responses will create a second round of demand adjustments in 
sectors with significant price changes. In the case of fuels, for 
example, falling demand may be somewhat offset by induced price 
declines. Likewise, rising demand for construction services may be 
partially attenuated by price increases. 

BEAR is currently implemented with fifty production sectors, and even though 
the current discussion is relatively aggregate there are many interesting 

                                            

18 Other findings also focus on subjective welfare measures including inconvenience or disutility 
associated with technical change. We believe these behavioral parameters are open to question 
and focus our results on the real side of the economy: real output, incomes, and job growth. 
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individual adjustment stories on the industry side. Relevant examples of these 
include transport-intensive service sectors, like Ground Transport (GndTns) and 
Wholesale and Retail Trade (WhlTrad). Both sectors experience significant 
emissions reductions because they are impacted by many components of the 
AB32 policies, yet rising service sector demand offsets any negative output and 
employment effects for them. This is a combined result of policy interaction and 
substitution effects, and is typical of the structural transition benefits captured by 
BEAR. A partial equilibrium analysis of the individual direct industry policy effects 
would not identify these offsetting gains, yet though they accrue directly to AB32 
targeted sectors and require no redistribution or compensatory measures and 
yield a net benefit. 

The Cement sector is another prime example, where possible adverse 
consequences of AB32 emissions targeting are more than offset by induced 
construction demand arising from other AB32 policies. These examples highlight 
the importance of understanding the AB32 policies as an integrated package of 
climate action measures, of seeing both supply and demand side effects, 
linkages between policy components, and induced market effects. During the 
implementation process, policy dialogue often decomposed among stakeholder 
interests, and these integrated economic effects can be overlooked. These 
results demonstrate the essential contributions policies can make to each other, 
and the importance of a more comprehensive approach to assessment, design, 
and implementation. 
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This report provides an economy-wide assessment of how California’s Global 
Warming Solutions Act will affect patterns of state economic growth, 
employment, and income.  We used the Berkeley Energy and Resources (BEAR) 
macro-economic model to simulate AB32 Scoping Plan implementation and 
consider a variety of alternative schemes for auction/allocation of emissions 
permits and recycling of revenues accruing from these.  

Seven salient insights emerge from the economic analysis: 

1. Aggregate effects of AB32 on the California economy are very modest; amounting 

to less than three months deferred growth across a decade.  

2. Households experience energy efficiency gains that reduce total energy expenses. 

In other words, the policy as written has a small positive net cost to the overall 

economy, but a negative net cost in terms of energy expenses to households. 

3. Scalable permit auctions can facilitate adjustment, without compromising long term 

climate goals, employment, or equity. In particular: 

a. Auctioning permits and distributing the revenue to households (Cap and 

Dividend) reduces the aggregate cost of climate policies and can increase 

statewide employment. 

b. Returning permit revenues to households with tax reductions is better for 

growth and total employment than equal per capita lump sum transfers.  

4. Free allocation of permits might reduce adjustment costs for individual polluting 

industries, but it increases costs for the population of California. 

5. Modest autonomous innovation and efficiency responses to AB32 would deliver 

significant growth dividends across the state. 

6. The estimated risk of “leakage” posed by AB32, either in terms of job losses or 

pollution transfers, is negligible. 

7. AB32 will reduce aggregate criteria pollution, but might change its composition in 

ways that justify complementary, localized mitigation efforts. In all cases, however, 

the impacts are very modest. 

California’s leadership in climate policy offers a unique opportunity to broaden 
public awareness of these complex issues, to design more sophisticated and 
forward looking policies, and to set global standards for a new generation of 
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integrated environmental policies. Although the present results are best 
interpreted as indicative, they have two important implications for the state’s 
climate policy research agenda. Firstly, even the modest assumptions about 
innovation show it has significant potential to make climate action a dynamic 
growth experience for the state economy. Second, the size and distribution of 
potential growth benefits is large enough to justify significant commitments to 
deeper empirical research on these questions. 

Many studies emphasize the costs of policies that deal with climate change 
because they look only at the direct effects. This one finds that many policies 
under active consideration in California actually save money and increase 
employment overall because the indirect and incentive effects are so important. 
These overall benefits only become apparent when the economywide 
implications and innovation potential of the policies are taken into account. For 
example, we shall see below that energy savings allow consumers to increase 
other spending, largely on in-state goods and services, and this stimulates 
California growth and employment. Industry-specific and bottom-up studies of 
GHG polices fail to capture these indirect benefits, giving disproportionate 
emphasis to direct costs. An economywide perspective like that of the BEAR 
model is needed to balance the individual adjustment and aggregate growth 
perspectives. 
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Annex 1: Summary of the BEAR Model 
 

The Berkeley Energy and Resources (BEAR) model is in reality a 
constellation of research tools designed to elucidate economy-environment 
linkages in California. The schematics in Error! Reference source not found. 
and Error! Reference source not found. describe the four generic components 
of the modeling facility and their interactions. This section provides a brief 
summary of the formal structure of the BEAR model.19 For the purposes of this 
report, the 2003 California Social Accounting Matrix (SAM), was aggregated 
along certain dimensions. The current version of the model includes 50 activity 
sectors and ten households aggregated from the original California SAM. The 
equations of the model are completely documented elsewhere (Roland-Holst: 
2005), and for the present we only discuss its salient structural components.  

Structure of the CGE Model 
Technically, a CGE model is a system of simultaneous equations that 

simulate price-directed interactions between firms and households in commodity 
and factor markets. The role of government, capital markets, and other trading 
partners are also specified, with varying degrees of detail and passivity, to close 
the model and account for economywide resource allocation, production, and 
income determination. 

The role of markets is to mediate exchange, usually with a flexible system of 
prices, the most important endogenous variables in a typical CGE model. As in a 
real market economy, commodity and factor price changes induce changes in the 
level and composition of supply and demand, production and income, and the 
remaining endogenous variables in the system. In CGE models, an equation 
system is solved for prices that correspond to equilibrium in markets and satisfy 
the accounting identities governing economic behavior. If such a system is 
precisely specified, equilibrium always exists and such a consistent model can be 
calibrated to a base period data set. The resulting calibrated general equilibrium 

                                            

19 See Roland-Holst (2005) for a complete model description. 
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model is then used to simulate the economywide (and regional) effects of 
alternative policies or external events. 

The distinguishing feature of a general equilibrium model, applied or 
theoretical, is its closed-form specification of all activities in the economic system 
under study. This can be contrasted with more traditional partial equilibrium 
analysis, where linkages to other domestic markets and agents are deliberately 
excluded from consideration. A large and growing body of evidence suggests 
that indirect effects (e.g., upstream and downstream production linkages) arising 
from policy changes are not only substantial, but may in some cases even 
outweigh direct effects. Only a model that consistently specifies economywide 
interactions can fully assess the implications of economic policies or business 
strategies. In a multi-country model like the one used in this study, indirect effects 
include the trade linkages between countries and regions which themselves can 
have policy implications. 

The model we use for this work has been constructed according to generally 
accepted specification standards, implemented in the GAMS programming 
language, and calibrated to the new California SAM estimated for the year 
2003.20 The result is a single economy model calibrated over the fifteen-year time 
path from 2005 to 2020.21 Using the very detailed accounts of the California 
SAM, we include the following in the present model: 

Production 
All sectors are assumed to operate under constant returns to scale and cost 

optimization. Production technology is modeled by a nesting of constant-
elasticity-of-substitution (CES) function.  

In each period, the supply of primary factors — capital, land, and labor — is 
usually predetermined.22 The model includes adjustment rigidities. An important 
feature is the distinction between old and new capital goods. In addition, capital 
is assumed to be partially mobile, reflecting differences in the marketability of 

                                            

20 See e.g. Meeraus et al (1992) for GAMS. Berck et al (2004) for discussion of the California 
SAM. 
21 The present specification is one of the most advanced examples of this empirical method, 
already applied to over 50 individual countries or combinations thereof. 
22 Capital supply is to some extent influenced by the current period’s level of investment. 
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capital goods across sectors.23 Once the optimal combination of inputs is 
determined, sectoral output prices are calculated assuming competitive supply 
conditions in all markets. 

 
Figure A1.1: Component Structure of the Modeling Facility 

 

Consumption and Closure Rule 
All income generated by economic activity is assumed to be distributed to 

consumers. Each representative consumer allocates optimally his/her disposable 
income among the different commodities and saving. The consumption/saving 
decision is completely static: saving is treated as a “good” and its amount is 
determined simultaneously with the demand for the other commodities, the price 
of saving being set arbitrarily equal to the average price of consumer goods. 

The government collects income taxes, indirect taxes on intermediate inputs, 
outputs and consumer expenditures. The default closure of the model assumes 

                                            

23  For simplicity, it is assumed that old capital goods supplied in second-hand markets and new 
capital goods are homogeneous. This formulation makes it possible to introduce downward 
rigidities in the adjustment of capital without increasing excessively the number of equilibrium 
prices to be determined by the model. 
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that the government deficit/saving is exogenously specified.24 The indirect tax 
schedule will shift to accommodate any changes in the balance between 
government revenues and government expenditures. 

The current account surplus (deficit) is fixed in nominal terms. The 
counterpart of this imbalance is a net outflow (inflow) of capital, which is 
subtracted (added to) the domestic flow of saving. In each period, the model 
equates gross investment to net saving (equal to the sum of saving by 
households, the net budget position of the government and foreign capital 
inflows). This particular closure rule implies that investment is driven by saving. 

 

Trade 
Goods are assumed to be differentiated by region of origin. In other words, 

goods classified in the same sector are different according to whether they are 
produced domestically or imported. This assumption is frequently known as the 
Armington assumption. The degree of substitutability, as well as the import 
penetration shares are allowed to vary across commodities. The model assumes 
a single Armington agent. This strong assumption implies that the propensity to 
import and the degree of substitutability between domestic and imported goods is 
uniform across economic agents. This assumption reduces tremendously the 
dimensionality of the model. In many cases this assumption is imposed by the 
data. A symmetric assumption is made on the export side where domestic 
producers are assumed to differentiate the domestic market and the export 
market. This is modeled using a Constant-Elasticity-of-Transformation (CET) 
function. 

Dynamic Features and Calibration 
The current version of the model has a simple recursive dynamic structure as 

agents are assumed to be myopic and to base their decisions on static 
expectations about prices and quantities. Dynamics in the model originate in 
three sources: i) accumulation of productive capital and labor growth; ii) shifts in 
production technology; and iii) the putty/semi-putty specification of technology. 

                                            

24 In the reference simulation, the real government fiscal balance converges (linearly) towards 0 
by the final period of the simulation. 
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Capital accumulation 
In the aggregate, the basic capital accumulation function equates the current 

capital stock to the depreciated stock inherited from the previous period plus 
gross investment. However, at the sectoral level, the specific accumulation 
functions may differ because the demand for (old and new) capital can be less 
than the depreciated stock of old capital. In this case, the sector contracts over 
time by releasing old capital goods. Consequently, in each period, the new 
capital vintage available to expanding industries is equal to the sum of 
disinvested capital in contracting industries plus total saving generated by the 
economy, consistent with the closure rule of the model. 

The putty/semi-putty specification 
The substitution possibilities among production factors are assumed to be 

higher with the new than the old capital vintages — technology has a putty/semi-
putty specification. Hence, when a shock to relative prices occurs (e.g. the 
imposition of an emissions fee), the demands for production factors adjust 
gradually to the long-run optimum because the substitution effects are delayed 
over time. The adjustment path depends on the values of the short-run 
elasticities of substitution and the replacement rate of capital. As the latter 
determines the pace at which new vintages are installed, the larger is the volume 
of new investment, the greater the possibility to achieve the long-run total amount 
of substitution among production factors. 

Profits, Adjustment Costs, and Expectations 
Firms output and investment decisions are modeled in accordance with the 

innovative approach of Goulder and co-authors (see e.g. Goulder et al: 2009 for 
technical details). In particular, we allow for the possibility that firms reap windfall 
profits from events such as free permit distribution. Absent more detailed 
information on ownership patterns, we assume that these profits accrue to US 
and foreign residents in proportion to equity shares of publically traded US 
corporations (16% in 2009, Swartz and Tillman:2010). Between California and 
other US residents, the shares are assumed to be proportional to GSP in GDP 
(11% in 2009). 
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Figure A1.2: Schematic Linkage between Model Components 
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Dynamic calibration 

The model is calibrated on exogenous growth rates of population, labor force, 
and GDP. In the so-called Baseline scenario, the dynamics are calibrated in each 
region by imposing the assumption of a balanced growth path. This implies that 
the ratio between labor and capital (in efficiency units) is held constant over 
time.25 When alternative scenarios around the baseline are simulated, the 
technical efficiency parameter is held constant, and the growth of capital is 
endogenously determined by the saving/investment relation. 

Modelling Emissions 

The BEAR model captures emissions from production activities in agriculture, 
industry, and services, as well as in final demand and use of final goods (e.g. 
appliances and autos). This is done by calibrating emission functions to each of 
these activities that vary depending upon the emission intensity of the inputs 
used for the activity in question. We model both CO2 and the other primary 
greenhouse gases, which are converted to CO2 equivalent.  Following standards 
set in the research literature, emissions in production are modeled as factors 
inputs. The base version of the model does not have a full representation of 
emission reduction or abatement. Emissions abatement occurs by substituting 
additional labor or capital for emissions when an emissions tax is applied. This is 
an accepted modeling practice, although in specific instances it may either 
understate or overstate actual emissions reduction potential.26  In this framework, 
mission levels have an underlying monotone relationship with production levels, 
but can be reduced by increasing use of other, productive factors such as capital 
and labor. The latter represent investments in lower intensity technologies, 
process cleaning activities, etc. An overall calibration procedure fits observed 
intensity levels to baseline activity and other factor/resource use levels. In some 
of the policy simulations we evaluate sectoral emission reduction scenarios, 
using specific cost and emission reduction factors, based on our earlier analysis 
(Hanemann and Farrell: 2006). 

                                            

25This involves computing in each period a measure of Harrod-neutral technical progress in the 
capital-labor bundle as a residual. This is a standard calibration procedure in dynamic CGE 
modeling. 
26 See e.g. Babiker et al (2001) for details on a standard implementation of this approach. 
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The model has the capacity to track 13 categories of individual pollutants and 
consolidated emission indexes, each of which is listed in  

 below. Our focus in the current study is the emission of CO2 and other 
greenhouse gases, but the other effluents are of relevance to a variety of 
environmental policy issues. For more detail, please consult the full model 
documentation. 

An essential characteristic of the BEAR approach to emissions modeling is 
endogeniety. Contrary to assertions made elsewhere (Stavins et al:2007), the 
BEAR model permits emission rates by sector and input to be exogenous or 
endogenous, and in either case the level of emissions from the sector in question 
is endogenous unless a cap is imposed. This feature is essential to capture 
structural adjustments arising from market based climate policies, as well as the 
effects of technological change. 

  
Table A1.1: Emission Categories 

 

 

 Air Pollutants 
 1. Suspended particulates PART 
 2. Sulfur dioxide (SO2) SO2 
 3. Nitrogen dioxide (NO2) NO2 
 4. Volatile organic compounds VOC 
 5. Carbon monoxide (CO) CO 
 6. Toxic air index TOXAIR 
 7. Biological air index BIOAIR 
 
 Water Pollutants 
 8. Biochemical oxygen demand BOD 
 9. Total suspended solids TSS 
 10. Toxic water index TOXWAT 
 11. Biological water index BIOWAT 
 
 Land Pollutants 
 12. Toxic land index TOXSOL 
 13. Biological land index BIOSOL 
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Table A1.2 California SAM for 2006 – Structural Characteristics 
1. 124 production activities               

2. 124 commodities (includes trade and transport margins) 

3. 3 factors of production 

4. 2 labor categories 

5. Capital 

6. Land 

7. 10 Household types, defined by income tax bracket  

8. Enterprises 

9. Federal Government (7 fiscal accounts) 

10. State Government (27 fiscal accounts) 

11. Local Government (11 fiscal accounts) 

12. Consolidated capital account 

13. External Trade Account 
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Table A1.3: Aggregate Accounts for the Prototype California CGE 
 

1. 50 Production Sectors and Commodity Groups 
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2. Labor Categories 

 1. Skilled 

2. Unskilled 

B. Capital 
C. Land 
D. Natural Resources 
E. 8 Household Groups (by income 

1. HOUS0 (<$0k) 
2. HOUS1 ($0-12k) 
3. HOUS2 ($12-28k) 
4. HOUS4 ($28-40k) 
5. HOUS6 ($40-60k) 
6. HOUS8 ($60-80k) 
7. HOUS9 ($80-200k) 
8. HOUSH ($200+k) 

F. Enterprises 
G. External Trading Partners 

1. ROUS   Rest of United States 
2. ROW  Rest of the World 

 

These data enable us to trace the effects of responses to climate change and 
other policies at unprecedented levels of detail, tracing linkages across the 
economy and clearly indicating the indirect benefits and tradeoffs that might 
result from comprehensive policies pollution taxes or trading systems. As we 
shall see in the results section, the effects of climate policy can be quite complex. 
In particular, cumulative indirect effects often outweigh direct consequences, and 
affected groups are often far from the policy target group. For these reasons, it is 
essential for policy makers to anticipate linkage effects like those revealed in a 
general equilibrium model and dataset like the ones used here. 

It should be noted that the SAM used with BEAR departs in a few substantive 
respects from the original 2003 California SAM. The two main differences have to 
do with the structure of production, as reflected in the input-output accounts, and 
with consumption good aggregation. To specify production technology in the 
BEAR model, we rely on both activity and commodity accounting, while the 
original SAM has consolidated activity accounts. We chose to maintain separate 
activity and commodity accounts to maintain transparency in the technology of 
emissions and patterns of tax incidence. The difference is non-trivial and 
considerable additional effort was needed to reconcile use and make tables 
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separately. This also facilitated the second SAM extension, however, where we 
maintained final demand at the full 119 commodity level of aggregation, rather 
than adopting six aggregate commodities like the original SAM.  

!"#$$#%&$'()*)'

Emissions data at a country and detailed level have rarely been collated. An 
extensive data set exists for the United States which includes thirteen types of 
emissions.27 The emission data for the United States has been collated for a set 
of over 400 industrial sectors. In most of the primary pollution databases, 
measured emissions are directly associated with the volume of output. This has 
several consequences. First, from a behavioral perspective, the only way to 
reduce emissions, with a given technology, is to reduce output. This obviously 
biases results by exaggerating the abatement-growth tradeoff and sends a 
misleading and unwelcome message to policy makers.  

More intrinsically, output based pollution modeling imperfectly to capture the 
observed pattern of abatement behavior. Generally, firms respond to abatement 
incentives and penalties in much more complex and sophisticated ways by 
varying internal conditions of production. These responses include varying the 
sources, quality, and composition of inputs, choice of technology, etc. The third 
shortcoming of the output approach is that it give us no guidance about other 
important pollution sources outside the production process, especially pollution in 
use of final goods. The most important example of this category is household 
consumption. 

Renewable Energy Cost Estimates 

To impute costs to the renewable technologies being considered in our RPS 
scenarios, we combined data from multiple sources. The relevant information is 
summarized in the following 

 

 

 

 

                                            

27 See Martin et. al. (1991). 
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Table A1.4: Data and Assumptions for Renewable Cost 
Capacity Unit 

Costs 
    Technology 

kW Capital 
Cost 

($/kW) 

O&M  
($/kW-

year) 

Fuel 
Cost 

Capacity 
Factor 

Capacity 
Discount 

Incentive 
Percent 

Central PV 100,000   $4,823   $10   25% 10% 46% 
Commercial 

PV 
75   $5,649   $11   25% 10% 46% 

Residential 
PV 

4   $7,200   $35   25% 0% 28% 

Central CSP 100,000   $3,744   $55   40% 10% 46% 
Central Wind 100,000   $1,434   $29   30% 50%  
Central Wind 

Offshore 
100,000   $2,872   $87   30% 28%  

NGCC 2009 500,000   $706   $11   $4.50  70%   
NGCC 2020 

DOE 
500,000   $706   $11   $9.00  70%   

NGCC 2020 
IEA 

500,000   $706   $11   
$14.50  

70%   

Finance      
Discount 

Rate 
4%       

Comparable 
Lifetime 

25        

Capital 
Recovery 

Factor 

        
0.064  

      

"#$%&'()!*+('%!',!-.!/011234!5678!/0112-9&34!:;<:!/011234!=+..+>-?!-?@!;#%,'%!/011A3B!

Levelized costs provide a means for comparing technologies with different 
design lifetimes and cost characteristics. For electricity generating technologies, 
there are generally four costs that are included in levelized cost calculations: 

1. Capital  costs, which are generally financed 

2. Fixed annual costs 

3. Operations and maintenance (O&M) costs 

4. Fuel costs, if any 
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Cost Units Description 
Capital costs $/kW Capital costs are often expressed in unit (per 

kW) terms. For instance, a 100 MW wind farm 
with a total capital cost of $300 million has a 
unit capital cost of $3,000/kW (1 MW = 1,000 
kW). 

Fixed annual 
costs 

$/kW-yr Fixed annual costs are expressed in terms of 
$/kW-yr, reflecting the fact that these costs 
are paid annually irrespective of output. 
Insurance and licensing, for instance, are 
fixed annual costs. 

O&M costs $/kWh O&M costs are typical variable costs, and are 
expressed in terms of output ($ per kWh 
generated). 

Fuel costs $/kWh Fuel costs also depend on output, and are 
expressed in kWh terms. 
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Figure A1.3: Renewable and Conventional Energy Cost Estimates 

 
Source: Roland-Holst, David “Energy Prices and California’s Economic Security,” Next10.org, October, 

2009.See the Annex below for estimation details. 
 

The most common approach to converting these costs into equivalent units is 
to annualize capital costs, and convert both capital and fixed costs to variable 
units by normalizing them by total operating hours.  

Capital costs (CC) are annualized using a capital recovery factor (CRF) 

 

where r and t can either reflect financing terms or, more frequently, a discount 
rate and a design lifetime. 

Annualized capital costs (ACC) are thus 
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Annualized capital costs and fixed costs, now both in units of $/kW-yr, can be 
converted into variable costs by normalizing both by the number of annual hours 
that a given technology operates. Operating hours for different technologies are 
typically calculated using a rule of thumb capacity factor, defined as  

 

Baseload coal- and natural gas-fired power plants, for instance, operate most 
of the year and have high capacity factors (~0.8), whereas intermittent resources 
like solar and wind are only available for a limited number of hours per year and 
have lower capacity factors (~0.2-0.4). 

Total levelized costs (LVC, in $/kWh) can then be calculated as 

 

where FXC is an annual fixed cost, OMC is an O&M cost, and FLC is a fuel 
cost. 

Fuel costs can be calculated with the following formula: 

 

where the efficiency is the thermal efficiency of the generating facility, 3.6 is a 
conversion factor between kWh and MJ, heating value is the higher heating value 
(energy content) of the fuel, and price is the price of the fuel in physical (mass or 
volume) units. 
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Annex 2: Emission Categories 
 

 

For the present research, we developed estimates of sector pollution 
intensities from official California data. The most detailed information comes from 
the emissions inventory (http://www.arb.ca.gov/cc/inventory/inventory.htm), of the 
Air Resources Board was aggregated to conform to BEAR’s 50 sector structure, 
with the resulting initial year sector inventory in Table 4.1 above. Using real 
output values, these were then converted to emission factors by pollutant and 
sector. From this point, a dynamic baseline was created by stepping down some 
criteria intensities based on independent information regarding standards and 
other mitigation measures outside of AB 32, such as NOx regulations for future 
truck and rail transport. These have been synthesized to avoid double counting. 
A summary of the measures taken into account is given in the following table: 

Table A2.1: Concurrent Emissions Reduction Measures 

Measure Implementing Agency Pollutants Affected Sectors 
Diesel Risk Reduction 
Plan (DRRP) - Statewide 
Diesel Truck 
and Bus Regulation 

ARB NOx, PM Trucking, 
Ground Transport, 
 Construction 

Clean Air Act - National 
Ambient Air Quality 
Standards (NAAQS) 

US EPA – SIP from ARB PM 2.5 Trucking, 
Ground Transport,  
Construction 

Statewide Railroad 
Agreement (2005) 

ARB PM Rail 

U.S. EPA Locomotive 
Emission Standards 
(CAA) 

US EPA NOx and PM Rail 

Goods Movement 
Emission Reduction Plan 
(GMERP) (2006) 

ARB NOx and PM Trucking, Ground, 
Rail 

Cargo Handling 
Equipment Regulations 
(2007) 

ARB NOx and PM Trucking, Ground, 
Rail 

Diesel Fuel Regulations 
Extended to Intrastate 
Locomotives (2007) 

ARB NOx and PM Rail 
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The BEAR model has the capacity to track several categories of individual 
pollutants and consolidated emission indexes, each of which is listed in Table 
A2.2 below. Our focus in the current study is the effect of offsets policies on the 
emission of gases other than greenhouse gases. Generally speaking, criteria 
pollutant emissions are much more heterogeneous than global warming 
emissions, and a sector-level emission factor cannot capture the different 
emission rates at different facilities under different conditions (i.e. with variation in 
maintenance regimes or post- combustion controls). Further, we do not take into 
account interactions with the RECLAIM program for controlling NOx.  To the 
extent that reductions in NOx occur at facilities covered by RECLAIM, these 
could free up RECLAIM allowances that would result in increased pollution at 
facilities not directly covered by a cap-and-trade program aiming to reduce global 
warming measures.  At the same time, while acknowledging that this analysis is 
imperfect, we use statewide average emission rates and believe these can 
usefully inform the policy dialogue. The only real restriction on this assumption 
for the electric power industry is the capacity of the north-south grid. We have 
calculated emission rates for southern California electric power, including 
RECLAIM, and northern California power, including significant hydro resources. 
The emission rates for these two regions differ by less than 2 percent. 

An essential characteristic of the BEAR approach to emissions modeling is 
endogeneity. Contrary to assertions made elsewhere (Stavins et al:2007), the 
BEAR model permits emission rates by sector and input to be exogenous or 
endogenous, and in either case the level of emissions from the sector in question 
is endogenous unless a cap is imposed. This feature is essential to capture 
structural adjustments arising from market based climate policies, as well as the 
effects of technological change. 
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 Table A2.2: Criteria Pollutants Modeled in BEAR 

 
 

 

1. TOG : Total Organic Gases (TOG) means "compounds of carbon, excluding carbon monoxide, carbon 
dioxide, carbonic acid, metallic carbides or carbonates, and ammonium carbonate." 
a. TOG includes all organic gas compounds emitted to the atmosphere, including the low reactivity, or 

"exempt VOC", compounds (e.g., methane, ethane, various chlorinated fluorocarbons, acetone, 
perchloroethylene, volatile methyl siloxanes, etc.). 

b. TOG also includes low volatility or "low vapor pressure" (LVP) organic compounds (e.g., some 
petroleum distillate mixtures). TOG includes all organic compounds that can become airborne (through 
evaporation, sublimation, as aerosols, etc.), excluding carbon monoxide, carbon dioxide, carbonic 
acid, metallic carbides or carbonates, and ammonium carbonate. 

2. ROG: Total Organic Gas emissions are reported in the ARB's emission inventory and are the basis for 
deriving Reactive Organic Gas (ROG) emission estimates, which are also reported in the inventory. 
a. ROG means TOG minus ARB's "exempt" compounds (e.g., methane, ethane, CFCs, etc.). 
b. ROG is similar, but not identical, to U.S. EPA's term "VOC", which is based on EPA's exempt list. Also, 

various regulatory uses of the term "VOC", such as that for consumer products, exclude specific, 
additional compounds from particular control requirements. 

3. CO: The concentration of Carbon Monoxide (CO) in the ambient air depends primarily on local weather 
conditions and the number of automobiles in the area. High levels of CO can have acute health effects on 
humans by reducing the supply of oxygen in the bloodstream. Normally, blood cells transport oxygen to, 
and remove carbon dioxide from, every cell in the body. The blood cells are more attracted to CO than to 
oxygen. Therefore, exposure to high levels of CO results in oxygen deprivation to various parts of the body. 
CO exposure can aggravate existing conditions such as heart and lung diseases. At high levels, CO 
exposure can be fatal. Nationally, a few hundred fatalities a year occur due to high concentrations of CO, 
usually in poorly ventilated buildings, idling parked cars with faulty exhaust systems and residential fires. 
The danger from CO is greatest in unborn and newborn infants, the elderly, and those suffering from 
chronic illnesses. 

4. NOX: Nitrous Oxides (NOX) are chemicals formed in high-temperature combustion processes. The 
substances are themselves toxic and can react to form ozone or PM10 in the form of nitrates. Nitrogen 
dioxide (NO2) is brownish red gas with a biting odor. It is highly irritating in high concentrations. Nitrogen 
dioxide is always accompanied by nitric oxide (NO). 

5. SOX: Sulfur Oxides are invisible gases with a pungent odor. At low concentrations, these gas can often be 
tasted before smelled. The major source of sulfur oxides is the combustion of sulfur-containing fuels, 
primarily coal and fuel oil. Sulfur dioxide is a toxic substance that can impair breathing. 

6. PM: Particulate matter (PM), also known as particle pollution, is a complex mixture of dust and soot 
particles. PM is includes two small diameter categories of special public health interest, PM10 and PM2.5..   

7. PM10: PM10 is matter 10 micrometers in diameter or less.  That would be about one-seventh the width of a 
strand of human hair.   

8. PM25: PM2.5 is even smaller - measuring 2.5 micrometers or less. These particles are so small that they 
can become imbedded in human lung tissue, causing or exacerbating respiratory diseases and 
cardiovascular problems. Other negative effects are reduced visibility and accelerated deterioration of 
buildings. 
 

PM concentration is reported in micrograms per cubic meter or !g/m3. The particulate is collected on a filter and 
weighed. This weight is combined with the known amount of air that passed through the filter to determine 
the concentration in the air. 

EPA revised the National Ambient Air Quality Standards(NAAQS) for PM pollution on September 21, 2006. The 
final standards address two categories of particle pollution: fine particles (PM2.5), which are 2.5 
micrometers in diameter and smaller; and inhalable coarse particles (PM10), which are smaller than 10 
micrometers. EPA strengthened the 24-hour PM2.5standard from the 1997 level of 65 !g/m3 to 35 !g/m3, 
and retained the current annual PM2.5 standard at 15 µg/m3.  EPA also retained the existing national 24-
hour PM10 standard of 150 !g/m3; however, it revoked the annual PM10 standard.  These new standards 
went into effect on December 18, 2006.  

VOC: Volatile Organic Compounds (VOC) are any compounds of carbon (other than carbon monoxide, carbon 
dioxide, carbonic acid, metallic carbonates, metallic carbides and ammonium carbonate) that participate in 
atmospheric photochemical reactions. A company must report all reactive VOC emissions (including 
fugitive emissions). VOC emissions which are non-reactive are not reported. 
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` 

Roland-Holst | AB32 Assessment 90 
!
!
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H#?*1&>#?![*%&L/!\#Q&1%&.!NN/!566D8!
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"503B1! A5@%3F9&$%5! +:F$5$8&39&$%5)! ;<<H)! ^S98%#$50! 95:!L$080#! P70#! C/:9&0)^! <H!,91!
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4/-B8*3@! Z2'3*+)*! C(@! C2?,#*28@! [23)! :(! Q(! 2+8! R'/3,\M@! [E)"2*B@! ]1$2)#,! /?!
:B#*3+2#E0*! P1E,,E/+,!:BB/'2+)*!:BB/)2#E/+![*#"/8,!J+8*3! 2! H*8*32B! Q2$>2+8>
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"##$%&&,,3+()/1&2`,#32)#b<TWY<WW!

C2+*12++@! c(! [E)"2*B@! 2+8! :(P(! H233*BB! U*8,(V! U677KV! L[2+2.E+.! 43**+"/-,*! 42,!
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1$',4! #! C#4BA$! V>A[>',! CA$&4AD! F4A<4#-`Z! V>%?1%%>A$! F#@,4(! C3#4D,%! M>L,4!
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N#-?#-@!

>=LL1+7(! N/J+1-&1! O@(! PQRP@! HS/K/9%#-! /-?! :#+0#+/91! 4-I179L1-9T! 2! U59B1#+'!

200+#/&B@H!6+##,%-.7!"/01+7!#-!3&#-#L%&!2&9%I%9'!PTFV5PDV@!

>J/+9W(! "/=$(! /-?! "191+! S%$$L/-(! DEPE@(! XM#+1%.-!YJ-1+7B%0! #;! Z@>@! 277197()![=/+91+$'!

Z0?/91(!:#=-&%$!#-!M#+1%.-!<1$/9%#-7(!Y&9#\1+!R(!DEPE@!

S/'$#+(!]@!<@(!3@!>@!<=\%-(!19!/$@!CDEE^G@!H3;;1&9!#;!_#I1+-L1-9!2&9%#-7!#-!S1&B-#$#.%&/$!

4--#I/9%#-!;#+!>YD!:#-9+#$@H!3-I%+#-L1-9/$!>&%1-&1!`!S1&B-#$#.'!^VCDEGT!abDV5

ab^a@!!

S%191-\1+.(! S@! CDEE^G@! HSB1! 9+/?/\$1501+L%97! /00+#/&B! 9#! 0+#91&9%-.! 9B1! &#LL#-7T!

N177#-7!;#+!&$%L/91!&B/-.1@H!YK;#+?!<1I%1J!#;!3&#-#L%&!"#$%&'!PQC^GT!aEE5aPQ@!!

S+/%-(!c@! CPQRbG!d%7&#=-9!+/917! %-!&#-7=L1+7e!1-1+.'5+1$/91?!?1&%7%#-7T!/!+1I%1J!#;!9B1!

$%91+/9=+1@!3-1+.'(!PE(!PD(!PDa^fPDb^@!

S+%\\$1(! >/+/B! 8/-1@! X_/%-7! "#J1+1?! \'! :$1/-! 3-1+.'@)! c%.B95<%??1+! S+%\=-1! 6=7%-177!

A1J7T!A2(!20+%$!PF(!DEEV@!

Z>! d10/+9L1-9! #;! 3-1+.'@! DEER/@! :/$%;#+-%/! >9/91! 3-1+.'! "+#;%$1g3-1+.'! 4-;#+L/9%#-!

2?L%-%79+/9%#-(!d10/+9L1-9!#;!3-1+.'@!

Z>! dY35Y4S(! DEED\@! 4-?=79+%/$! :#L\=79%#-! S1&B-#$#.'! <#/?L/0(! 2! S1&B-#$#.'!

<#/?L/0!\'!/-?!;#+! 9B1! 4-?=79+%/$!:#L\=79%#-!:#LL=-%9'@!Y;;%&1!#;! 4-?=79+%/$!

S1&B-#$#.%17(!Z>!d10/+9L1-9!#;!3-1+.'(!*/7B%-.9#-(!d:@!

*#++1$$(! 3@! /-?! _/$%97,'(! :@! CDEEaG@! 3-1+.'! 3;;%&%1-&'! 4L0+#I1L1-9! Y00#+9=-%9%17! ;#+!

:1L1-9!]/,%-.T!2-!3A3<_h!>S2<!_=%?1!;#+!3-1+.'!/-?!"$/-9!]/-/.1+7@!!

*#++1$$(! 3@(! d@! "B'$%071-(! d@! 3%-79/%-! /-?! A@! ]/+9%-@! DEEE@! 3-1+.'! Z71! /-?! 3-1+.'!

4-91-7%9'!#;!9B1!Z@>@!:B1L%&/$!4-?=79+'@!61+,1$1'(!:2T!N/J+1-&1!61+,1$1'!A/9%#-/$!

N/\#+/9#+'!CN6AN5aa^PaG@!

*#++1$$(! 3@(! 85*@6#?1(! /-?! 8@! ?1! 611+@! PQQV@! 3-1+.'! 3;;%&%1-9! S1&B-#$#.%17! %-! 4-?=79+'!

C2SN2>!0+#i1&9! ;#+! 9B1!3=+#01/-!:#LL%77%#-G@!Z9+1&B9!Z-%I1+7%9'(!Z9+1&B9(!SB1!

A19B1+$/-?7@!



` 

Roland-Holst | AB32 Assessment 99 
!
!

"#$%&!'(!#$)!*(!+,$-./01!234435(!67,!8,#90:0;0<=!.>!?90$%!@#A!#$)!6B#),!<.!C170,/,!*D;>DB!
E0.F0),!G,)D1<0.$9!0$!@70$#&!67,!*0$.9A7,B,!'.DB$#;&!H.;(!I&! J99D,!K&!'D;=&!3443&!
AAK4LKI(!

 

 


