
i 

 

SResearch Papers on 

CENTER FOR ENERGY, 
RESOURCES, AND ECONOMIC 

SUSTAINABILTY 

DEPARTMENT OF AGRCULTURAL 
AND RESOURCE ECONOMICS 

338 GIANNINI HALL 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CA 94720 

PHONE: (1) 510-643-6362 

FAX: (1) 510-642-1099 

WEBSITE: 
www.berkeley.edu/~dwrh/ceres 

 

 

Economic Assessment 
for Climate Action in 

California 
 

David Roland-Holst 

September, 2007 

 
 
 
 

Research Paper No. 0711111 



ii 

 

Research Papers in Energy, Resources, and Economic 
Sustainability 

This report is part of a series of research studies into alternative energy pathways for 

the global 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. All opinions expressed here are 

those of the authors and should not be attributed to their affiliated or supporting 

institutions. 

For this project on Climate Action and the California economy, financial support 

from the Energy Foundation is gratefully acknowledged. Special thanks are due to the 

many talented research assistants who provided valuable input to this report: Jasmeet 

Askhela (Electricity), Jennifer Chan (Solar and Vehicles), Elizabeth Creed (Trucking), 

Stephun Hundt (Dairy and Cattle), Lanna Jin (Forestry), Shane Melnitzer (Landfill and 

Cement), Tad Park (Semiconductors), Evan Wu (Biodiesel), and Jeff Young (Biodiesel). I 

would also like to thank colleagues at the California Air Resources for their very helpful 

and continue cooperation, especially Richard Cory, William Dean, Michael Gibbs, 

Fereidun Fiezollahi, and David Kennedy. Finally, Chris Busch, Alex Farrell, Michael 

Hanemann, Fritz Kahrl, Skip Laitner, Jason Mark, and Marcus Schneider have offered 

many helpful insights and comments. 

  



iii 

 

CONTENTS 

Executive Summary ............................................................................................................... 7 

1 Introduction ................................................................................................................... 10 

2 Scenario Analysis for Climate Action ............................................................................. 11 

2.1 Climate Action Team Results ..................................................................................... 14 

2.2 General Results Interpretation .................................................................................. 19 

Aggregate Real Effects on the Economy are Small (Growth is not Threatened) ............ 19 

Individual Sector Demand, Output, and Employment can Change Significantly 

(Economic Structure Changes) .............................................................................................. 19 

Combined Effects of the Climate Action Policy Packages have Net Effects On Individual 

Sectors that Cannot be Identified in Sector-specific Policy Analysis ..................................... 20 

Real Output and Employment Effects are Smaller than in Previous BEAR Results ........ 20 

Employment Effects are Positive in the Majority of Scenarios ....................................... 21 

No Significant Leakage is Observed in the BEAR Scenarios ............................................ 21 

No Forgone Damages are Taken into Account ............................................................... 21 

3 Background for the Climate Action Team Policy Scenarios........................................... 22 

3.1 Building efficiency policies already underway .......................................................... 22 

Sector Analysis ................................................................................................................ 22 

Studies on the Impact of Regulation ............................................................................... 31 

Scenario Description ....................................................................................................... 39 

Data Sources ................................................................................................................... 39 



iv 

 

Modeling Approach ........................................................................................................ 39 

3.2 Vehicle GHG policies already underway .................................................................... 40 

Sector Analysis ................................................................................................................ 40 

Scenario Description: ...................................................................................................... 48 

Modeling Approach: ....................................................................................................... 49 

Data Sources and Description: ........................................................................................ 49 

3.3 Trucking Industry Measures ...................................................................................... 49 

Sector Analysis ................................................................................................................ 49 

Perspectives:  Uncertainties, Pressures And Trends ....................................................... 64 

National Carriers Operating in California ........................................................................ 66 

Regional Carriers Operationing In California .................................................................. 69 

Conclusion:  Prognosis For Policy .................................................................................... 71 

3.4 Cement Blending and Efficiency Measures ............................................................... 73 

Sector Analysis ................................................................................................................ 73 

Scenario Description: ...................................................................................................... 73 

Modeling Approach: ....................................................................................................... 73 

Data Sources and Description: ........................................................................................ 74 

3.5 Manure Management ............................................................................................... 76 

Sector Analysis ................................................................................................................ 76 

Scenario Description ....................................................................................................... 89 

Data Sources ................................................................................................................... 90 

Modeling Approach ........................................................................................................ 91 



v 

 

3.6 Semiconductor Industry Targets ............................................................................... 92 

Sector Analysis ................................................................................................................ 92 

Scenario Description: .................................................................................................... 101 

Modeling Approach: ..................................................................................................... 101 

Data Sources and Description: ...................................................................................... 101 

3.7 Landfill Management ............................................................................................... 102 

Sector Analysis .............................................................................................................. 102 

Scenario Description: .................................................................................................... 134 

Modeling Approach: ..................................................................................................... 134 

Data Sources and Description: ...................................................................................... 137 

Appendix: Figures.......................................................................................................... 138 

3.8 Afforestation............................................................................................................ 145 

Sector Analysis .............................................................................................................. 145 

Scenario Description: .................................................................................................... 154 

Modeling Approach: ..................................................................................................... 154 

Data Sources ................................................................................................................. 154 

3.9 HFC Reduction Strategies ........................................................................................ 157 

Data Sources and Description ....................................................................................... 157 

3.10 Alternative Fuels - Biodiesel Blends .................................................................... 160 

Sector Analysis .............................................................................................................. 160 

3.11 California Solar Initiative ..................................................................................... 180 



vi 

 

Sector Analysis .............................................................................................................. 180 

4 References ................................................................................................................... 197 

 

  



7 

 

 

Economic Assessment for Climate Action in 

California 

David Roland-Holst1 

September, 2007 

 

Executive Summary 

Many initiatives have been put forward in California for Green House Gas (GHG) 

mitigation that offer the state significant opportunities to improve environmental 

quality. This report presents empirical analysis showing that GHG mitigation can be 

compatible with economic growth objectives. Using a new economy-wide forecasting 

tool, the Berkeley Energy and Resources (BEAR) model, we simulate the economic 

consequences of a variety of energy policy scenarios for California. After detailed 

examination of a range of actual and proposed policies, we find that the aggregate 

economic benefits of many GHG mitigation policies outweigh their microeconomic 

costs. Moreover, some of the most prominent policies have the potential to help meet 

ǘƘŜ ǎǘŀǘŜΩǎ ŀƳōƛǘƛƻǳǎ DID ǊŜŘǳŎǘƛƻƴ ƻōƧŜŎǘƛǾŜǎΣ ǿƘƛƭŜ at the same time stimulating 

aggregate economic growth by increasing productivity and efficiency.  

For a package of GHG mitigation policies recommended by the California Climate 

Action Team (CAT), we summarize general macroeconomic effects and structural 
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linkages that transmit economic impacts across the state economy. A consistent feature 

of these results 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.  

Three salient conclusions emerge from the economic analysis: 

1. A variety of policies under active consideration could reduce GHG emissions 

significantly, at negligible or negative net cost to the overall state economy.  

2. Policies that achieve higher levels of energy efficiency permit resources to be 

reallocated within the state economy, reducing external energy dependence 

and increasing in-state value added and employment. 

3. With improved information and appropriate incentives, most of the GHG 

policies considered can enlist significant private agency at a public cost that is 

a small fraction of their potential benefit. 

These general conclusions are supported by a myriad of more detailed structural 

adjustments, 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. 

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 
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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 adjustment and growth perspectives. 
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1 Introduction 

Over the last two years, economists at UC Berkeley have conducted independent 

research to inform public and private dialogue surrounding California climate policy. 

Among these efforts has been the development and implementation of a statewide 

economic model, the Berkeley Energy and Resources (BEAR) model, the most detailed 

and comprehensive forecasting tool of its kind. The BEAR model has been used in 

numerous instances to promote public awareness and improve visibility for policy 

makers and private stakeholders.2 In the legislative process leading to the California 

Global Warming Solutions Act (SB32), BEAR results figured prominently in public 

ŘƛǎŎǳǎǎƛƻƴ ŀƴŘ ǿŜǊŜ ǉǳƻǘŜŘ ƛƴ ǘƘŜ DƻǾŜǊƴƻǊΩǎ 9ȄŜŎǳǘƛǾŜ hǊŘŜǊ ǘƻ ŎŀǊǊȅ ƻǳǘ ǘƘŜ ŀŎǘΦ 

While researchers who developed and implement the BEAR model do not advocate 

particular climate policies, their primary objective is to promote evidenced-based 

ŘƛŀƭƻƎǳŜ ǘƘŀǘ Ŏŀƴ ƳŀƪŜ ǇǳōƭƛŎ ǇƻƭƛŎƛŜǎ ƳƻǊŜ ŜŦŦŜŎǘƛǾŜ ŀƴŘ ǘǊŀƴǎǇŀǊŜƴǘΦ /ŀƭƛŦƻǊƴƛŀΩǎ ōƻƭŘ 

initiative in this area makes it an essential testing ground and precedent for climate 

policy in other states, nationally, and internationally. Because of its leadership, the state 

faces a significantly degree of uncertainty about direct and indirect effects of the many 

possible approaches to its stated goals for emissions reduction. High standards for 

economic analysis are needed to anticipate the opportunities and adjustment 

challenges that lie ahead and to design the right policies to meet them. 

This report presents estimates from a new model of California that accounts for the 

economic and environmental effects of energy and GHG oriented policies. At the heart 

of the BEAR model is a dynamic computable general equilibrium (CGE) framework that 

elucidates complex economy-environment linkages in California. Because of the high 

level of institutional detail captured by the model and its database, it can be applied to a 

broad spectrum of policy scenarios. Because it determines prices and emission levels 

                                                           

2
 See e.g. Roland-Holst (2006ab, 2007a). 
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dynamically and endogenously, BEAR also captures policy interactions that would be 

lost in partial equilibrium, static, or sector-specific analysis. Indeed, the model was 

designed to elucidate the detailed market and incentive properties of a new generation 

of climate action policies, more complex and far reaching than any attempted to date. 

Generally speaking, our results indicate that the scope for GHG mitigation in 

California is considerable, and that ambitious mitigation targets can probably be met 

without significant adverse effects on aggregate economic growth. On the contrary, we 

find that well designed GHG reduction policies can be economically expansionary if they 

are based on appropriate incentives, limit administrative costs, and promote the 

innovation and adoption behavior that has delivered historical improvements in 

emission efficiency. 

 

2 Scenario Analysis for Climate Action 

California has well-established leadership in 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.  

¢ƻ ǎǳǇǇƻǊǘ ǘƘŜ ǎǘŀǘŜΩǎ ŘŜƭƛōŜǊŀǘƛƻƴǎ ƻƴ DID ƳƛǘƛƎŀǘƛƻƴ ŀƴŘ ƻǘƘŜǊ ǇƻƭƛŎȅ ǊŜǎǇƻƴǎŜǎ ǘƻ 

climate change, the BEAR model is being applied to a variety of actual and proposed 

policy scenarios (see Table 2.1 below). This is an extremely diverse set of initiatives, 
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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. For the scenario work with BEAR, we rely on policy definitions 

assembled by the California Air Resources Board (ARB) and a wide variety of data 

sources discussed in greater detail in Section 4 below. 

In addition to an empirical assessment of the CAT policies, the BEAR project has 

been involved for several months in a collaborative model comparison exercise with 

!w.Φ ¢Ƙƛǎ ŀŎǘƛǾƛǘȅ ƻǊƛƎƛƴŀƭƭȅ ƛƴǾƻƭǾŜŘ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǊŜǎǳƭǘǎ ŦǊƻƳ .9!wΣ !w.Ωǎ ƻǿƴ 

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 

comparison, ARB set forth a uniform set of policy scenarios, in each case involving a 

combination of CAT policies with market oriented carbon cap measures that would be 

ŘŜǎƛƎƴŜŘ ǘƻ ƳŀƪŜ ǳǇ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ /!¢ ƳƛǘƛƎŀǘƛƻƴ ŀƴŘ ǘƘŜ ǎǘŀǘŜΩǎ ƻŦŦƛŎƛŀƭ 

goals for GHG reduction. 

The ARB scenarios are defined in Table 2.2 below, including an alternative baseline 

(*) which permitted consideration of independent (CPUC) energy price projections in a 

single comparison scenario (Scenario 3*). Although the present report is focused on the 

CAT policies, and the current BEAR project will produce another report on Cap and 

Trade policy options, we include these results for the interested reader. 
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Table 2.1: Climate Action Policies Evaluated 
  Emissions Reductions 

MMTCO2e 
Double 
Counted 

Anualized               
(2006$ in 2020) 

Strategy Agency 2010 2020 2020 Cost Saved 

Vehicle Climate Change Standards ARB 1 30  1,331 6,643 

Diesel Anti-Idling ARB 0.64 1.46  58 322 

Other New Light Duty Vehicle Technologies ARB 0 5.4  1,569 1,355 

HFC Reduction Strategies ARB 0 8.7  276 201 

Transport Refrigeration Units (on and off road) ARB 0.01 0.02  21 13 

Shore Electrification ARB 0.08 0.55  150 119 

Manure Management ARB 0 1  45 9 

PFC Emission Reduction for Semiconductors ARB 0.53 0.53  27 0 

Alternative Fuels:  Biodiesel Blends ARB 0.4 0.8  0 0 

Alternative Fuels:  Ethanol ARB 0.62 2.38  3,102 2,233 

Heavy-Duty Vehicle Emission Reduction Measures ARB 0 3.15  136 698 

Venting and Leaks in Oil and Gas Systems ARB 1 1  10 9 

Hydrogen Highway ARB      

Achieve 50% Statewide Recycling Goal IWMB 3 3  82 0 

Landfill Methane Capture IWMB 0.89 2.66 0.86 61 171 

Zero Waste - High Recycling IWMB 0 3 0.00 180 111 

Conservation Forest Management Forestry 1 2.35  4 0 

Forest Conservation Forestry 0.4 0.4  15 0 

Fuels Management/Biomass Forestry 1.08 3.0 1.80 1,305 1,559 

Urban Forestry Forestry 0.08 0.88 0.69 287 155 

Afforestation/Reforestation Forestry 0.51 1.98  21 0 

Water Use Efficiency DWR 0.17 0.51  90 358 

Building Energy Efficiency Standards in Place CEC 0.71 2.14  255 658 

Appliance Efficiency Standards in Place CEC 0.41 4.48  509 1,489 

Fuel-Efficient Replacement Tires & Inflation Progs CEC 0.05 0.12  1 32 

Building Energy Efficiency Standards in Progress CEC      

Appliance Energy Efficiency Standards in Progress CEC      

Cement Manufacturing CEC 1 1  3 8 

Municipal Utility EE Programs/DR CEC 1.3 6.0  1,632 2,147 

Municipal Utility Renewable Portfolio Standard CEC 1.3 6.0  0 0 

Municipal Utility Combined Heat and Power CEC      

Municipal Utility Carbon Policy (no new coal) CEC 1.3 6.0  216 0 

Alternative Fuels: Non-Petroleum Fuels CEC      

Measures to Improve Transp Energy Efficiency BTH 1.68 8.7    

Smart Land Use and Intelligent Transportation BTH 1.04 9.97    

BTH Strategies BTH2    2,190 2,190 

Conservation tillage/cover crops Food/Ag     

Enteric Fermentation Food/Ag 1 1  3 0 

Green Buildings Initiative SCSA 0.5 1.8  559 559 

Transportation Policy Implementation SCSA 0 0  -- -- 

Accelerated RPS to 33% by 2020 CPUC 3.7 8.2 2.66 100 0 

California Solar Initiative CPUC 0.19 0.92  890 322 

IOU EE Programs CPUC 4.52 3.66  987 1,186 

IOU Additional EE Programs CPUC 0 5.60  1,690 1,790 

IOU CHP (Self Generation Incentive Program) CPUC 0.2 0.4  TBD TBD 

SB 1368 Implementation for IOUs CPUC 0 0  0 0 

IOU Electricity Sector Carbon Policy CPUC TBD TBD  TBD TBD 

Total  30.31 138.73 6.00 17,805 24,337 

Source: California Air Resources Board  
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Table 2.2: Scenarios Analyzed for the ARB Comparison Project 

 

Analysis 
Cases 

Climate 
Strategies

1 
Cap-and-Trade Program

2 
Offsets

3
 Energy Prices

4 

Baseline None None None IEPR Forecast 

Scenario 1 Reference Case Program A:  All Sectors None EPRI Forecast 

Scenario 2 Reference Case Program A:  All Sectors $10/ton EPRI Forecast 

Scenario 3 Reference Case Program A:  All Sectors $30/ton EPRI Forecast 

Scenario 4 Reference Case Program A:  All Sectors $50/ton EPRI Forecast 

Scenario 5 Reference Case Program B:  Major Sectors Only None EPRI Forecast 

Scenario 6 Reference Case Program B:  Major Sectors Only $30/ton EPRI Forecast 

Scenario 7 Sensitivity Case
5
 Program A:  All Sectors $30/ton EPRI Forecast 

Scenario 8 Sensitivity Case
5
 Program B:  Major Sectors Only $30/ton EPRI Forecast 

Energy Price Sensitivity Case 

Baseline* None None None CPUC Forecast 

Scenario 3* Reference Case Program A:  All Sectors $30/ton CPUC Forecast 

1.  Reference Case climate strategies listed in Error! Reference source not found..  The sensitivity case uses 
0% or the emission reductions, costs, and savings. 

2.  Program A sets the cap across the entire California economy.  Program B sets the cap across the 
energy intensive sectors, including the electric sector (including electricity imports), the cement sector, 

and the refining sector. 
3.  Offsets can account for up to 10% of the required emission reduction.  In 2020, offsets can account for 

up to 10% of the 174 MMTCO2e emission reduction required, or 17.4 MMTCO2e. 
4.  The energy prices are based on the 2005 Integrated Energy Policy Report (EPRI) forecast.  The 
Sensitivity Case is based on the CPUC Market Price Referent (MPR) natural gas price forecast (see 

Section Error! Reference source not found.). 
5. Assumes CAT policies are 50% effective. 

 
 

2.1 Climate Action Team Results 

Discussion of the BEAR results will move from aggregate to more detailed economic 

effects, and then from specific review of the CAT policy effects to general insights that 

emerged from both the CAT and ARB assessments. Macroeconomic effects are 

presented in Table 2.3 below, and a few salient results are immediately apparent. 

Firstly, the overall impact of this ambitious climate policy package on real growth is 

negligible, changing state real GSP by less than one quarter of one percent annually by 
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2020 and real state income by only about one half of one percent. Employment in the 

state actually increases, as expenditures shift from imported energy dependence to 

demand for more labor-intensive in-state goods and services. Although we do not 

discuss the ARB results in detail here, these small macro impacts are generally 

consistent across all the scenarios. 

 
Table 2.3: Aggregate Adjustments 

(percent changes with respect to baseline values in 2020) 

 
 

Scenario Real 
GSP 

Personal 
Income 

Emp Emission 
Price1 

CAT -0.13% -0.60% 0.05%  $  -    

Scenario 1 -0.10% -0.60% 0.20%  $22  

Scenario 2 -0.20% -0.70% 0.10%  $ 7  

Scenario 3 -0.10% -0.60% 0.20%  $ 22  

Scenario 4 -0.10% -0.60% 0.20%  $ 22  

Scenario 5 -0.20% -0.60% 0.10%  $ 80  

Scenario 6 -0.10% -0.60% 0.20%  $ 17  

Scenario 7 -0.20% -0.70% -0.10%  $ 206  

Scenario 8 -0.30% -0.90% -0.50%  $ 442  

Scenario 3* -0.20% -0.80% -0.20%  $  9  

  
1
2006 dollars per metric ton of CO2 equivalent carbon, in 2020. 

 
 

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 CAT policy package. This included significant new demand for 
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construction, technology, natural gas, and other components of a structural transition 

to greater energy efficiency and green modernization of the state economy.3  

The latter effects are apparent in Table 2.4, which presents more detailed sectoral 

adjustments arising from the CAT policies. It is worth emphasizing for the reader that 

percent changes here are defined with respect to status quo growth rates in the 

baseline. For this reason, a negative effect does not mean negative absolute growth. For 

example, in the fuels sectors targeted by vehicle efficiency measures, gasoline use in 

California will still be higher in 2020 than in 2010, but not as much higher as (indeed 

significantly less so than) it was is the baseline.  

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 ς 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 ς 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 ς 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 

                                                           

3
 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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may be somewhat offset by induced price declines. Likewise, rising demand 

for construction services may be partially attenuated by price increases. 

Relevant examples of these effects 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 CAT 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 CAT 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 CAT emissions targeting are more than offset by induced construction demand arising 

from other CAT policies. These examples highlight the importance of understanding the 

CAT 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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Table 2.4: Sectoral Adjustments 
(percent changes with respect to baseline values in 2020) 

Sector Emissions Output Emp Price Imports Exports 

Agric -1.10 -1.02 -1.12 -.46 -1.93 .18 
Cattle -1.53 -1.05 -1.91 .82 .58 -.93 
Dairy -39.55 -.73 -2.07 .00 -.73 -.16 
Forest 2.85 3.18 2.83 -3.86 -.83 4.15 
OilGas -31.91 -35.96 -32.89 -4.25 -38.71 -5.70 
OthPrim .49 -11.12 0.30 -3.23 -14.02 .29 
DistElec -31.68 -5.91 -7.28 -6.31 -11.91 .00 
DistGas 17.05 17.63 17.30 -1.73 .00 5.14 
DistOth -2.11 -1.54 -2.52 .91 -.63 .00 
ConRes -.87 -.74 -0.89 -.18 -1.10 .00 
ConNRes 30.90 30.74 30.88 -.24 30.11 .00 
Constr -8.19 22.51 4.86 2.54 28.80 2.24 
FoodPrc -1.89 -1.34 -2.28 -.59 -3.66 .22 
TxtAprl -.16 -.30 -0.17 -.35 -.65 .24 
WoodPlp .67 .88 0.52 .18 1.07 .03 
PapPrnt -.27 -.07 -0.50 -.67 -.75 .57 
OilRef -13.14 -12.23 -13.16 -1.39 -13.46 -1.60 
Chemicl -.59 -.22 -0.90 .03 -.18 -.08 
Pharma -.51 -.35 -0.89 -1.01 -1.36 .80 
Cement -5.05 2.40 1.30 1.05 4.55 -.39 
Metal -.24 .25 -0.25 .55 1.36 -.42 
Aluminm -.39 -.10 -0.51 3.31 6.62 -2.79 
Machnry .04 .58 -0.12 -.12 .10 .23 
AirCon 4.53 12.42 4.51 1.97 14.66 .84 
SemiCon -23.93 -.23 -0.56 -.27 -.50 .18 
ElecApp 6.96 10.61 6.89 -6.42 3.43 8.22 
Autos 5.64 5.01 5.62 -6.71 -2.11 7.30 
OthVeh .95 1.75 0.86 .10 1.85 .29 
AeroMfg .38 .55 0.29 -.19 .36 .28 
OthInd -.35 -.26 -0.37 -.26 -.79 .17 
WhlTrad -20.30 .85 0.62 -.45 -.06 .57 
RetVeh 1.73 1.95 1.56 -.58 .77 .92 
AirTrns .13 .10 0.04 -.86 -3.32 .77 
GndTrns -45.53 3.16 2.97 -2.97 .07 3.32 
WatTrns .21 -1.17 0.01 -1.39 -2.56 .96 
TrkTrns .27 .44 0.08 -.95 -.52 .92 
PubTrns -.12 .22 -0.13 -1.33 -1.13 1.21 
RetAppl .60 1.98 0.43 -.15 .00 .55 
RetGen .13 .37 -0.06 -.73 -.38 .72 
InfCom 1.08 1.42 1.06 -.89 -.38 1.08 
FinServ -2.10 -1.34 -2.11 -1.82 -4.90 1.30 
OthProf .63 .91 0.41 -1.06 -1.22 1.13 
BusServ -.19 -.12 -0.26 -.78 -3.20 .65 
WstServ -1.02 -.63 -1.04 .76 .14 -.79 
LandFill -56.23 -.86 -3.10 2.02 1.16 -1.90 
Educatn 3.17 3.44 3.13 -.69 2.72 1.34 
Medicin -1.81 -1.69 -1.82 -.85 -2.53 .37 
Recratn 1.70 2.18 1.52 -.66 1.51 1.04 
HotRest .28 .68 0.11 -.17 .50 .30 
OthPrSv .98 1.35 0.97 -.34 .67 .58 
Total/Average -20.20 -.59 0.05 -1.15 -.73 1.00 
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2.2 General Results Interpretation 

The general results of the ARB scenarios have been discussed in the main body of 

this document. In this section, a few independent observations are offered from the 

perspective of current and previous research with the BEAR model. 

Aggregate Real Effects on the Economy are Small (Growth is not Threatened)  

5ŜǎǇƛǘŜ ǘƘŜ ǇƻƭƛǘƛŎŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǎǘŀǘŜΩǎ ŎƭƛƳŀǘŜ policy initiatives, 

the economic burden of the proposed policies is small relative to the California 

economy. To take two examples, in Scenario 1 the approximate cost of all permits 

would be less than 2% of the value of output in the target sectors, and a much smaller 

fraction of state GDP.  In a more extreme case, when CAT attains only half its target 

mitigation and C&T makes up the difference in only three sectors (Scenario 9), the 

permit cost is much higher (about 24% of three-sector output value), but still less than 

2% of state GDP. To the extent that the sectoral costs are passed on, they cannot 

significantly reduce aggregate state income and consumption. In particular, they are 

much smaller than most climate damage estimates.  

Individual Sector Demand, Output, and Employment can Change Significantly 

(Economic Structure Changes) 

Energy fuel and carbon capped sectors can experience important adjustments, but 

these are offset by expansion elsewhere, including Services, Construction, and 

Consumer goods. The California economy is seen undergoing an important structural 

adjustment, reducing aggregate energy intensity and increasing the labor-intensity of 

state demand and output. These shifts, masked at the aggregate level, may present 

opportunities for policy makers to mitigate adjustment costs. 
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In other words, the aggregate results indicate that the policies considered will pose 

no significant net cost to the California economy. They might raise costs for some firms 

and individuals, but as a whole the California economy will probably experience higher 

growth and create more jobs than it would have without this action (even before 

considering climate damage aversion). The task for California policymakers in the near 

term will be to design policies that fairly and efficiently distribute the costs of reducing 

greenhouse gas emissions. 

Combined Effects of the Climate Action Policy Packages have Net Effects On 

Individual Sectors that Cannot be Identified in Sector-specific Policy Analysis 

Because of general equilibrium effects, including policy interaction, technical and 

expenditure substitution, price (e.g. rebound effects), the effects of individual climate 

policies on individual sectors can be partially or completely reversed. For this reason, it 

is essential to assess design and implementation of climate policies in an integrated 

manner to avoid misleading interpretation of direct effects or disarticulation of the 

policy dialogue. As a case in point, in the Cement sector, any adverse direct effects of 

new emission regulations are more than offset by new construction demand that is 

induced by other climate action measures. 

Real Output and Employment Effects are Smaller than in Previous BEAR 

Results  

The reason for this is that the ARB scenarios are technology neutral, meaning no 

innovation or efficiency improvements are anticipated in response to the C&T 

measures. By contrast, previous BEAR scenarios assumed induced efficiency gains in line 

ǿƛǘƘ /ŀƭƛŦƻǊƴƛŀΩǎ ƘƛǎǘƻǊƛŎŀƭ ǘǊŜƴŘ ƻŦ ϤмΦп҈ ǇŜǊ ȅŜŀǊΦ ¢Ƙƛǎ ǿŀǎ ƻƳƛǘǘŜd for comparability 

and to conform with ARB scenario specification, but I plan to report it for comparison in 

the public presentation because I believe this is a more credible scenario. As in the past, 
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these efficiency gains are crucial determinants of the ƎǊƻǿǘƘ ŘƛǾƛŘŜƴŘ ŦǊƻƳ /ŀƭƛŦƻǊƴƛŀΩǎ 

energy efficiency policies. In particular, the positive results would be much larger and 

the negative results could easily be reversed. This issue is discussed in greater detail 

below. 

Employment Effects are Positive in the Majority of Scenarios 

The reason for this, as in past BEAR estimates, is re-direction of consumer 

expenditure from energy/fuels to more labor-intensive goods and services. This is one of 

the most important economic effects of climate action policy, reducing import 

dependence on capital-intensive fuels and increasing spending on in-state goods and 

services. In the last round of CAT estimates, the EDRAM model revealed the same 

benefits, amplified by migration into California. The current BEAR scenarios do not allow 

for migration, so its results are smaller for this reason and because of tech-neutrality. 

No Significant Leakage is Observed in the BEAR Scenarios 

Import and export adjustments are significant in some sectors, but exhibit no 

discernable interaction with the carbon constraint in the capped sectors. Imports of 

fuels far sharply as the policies dictate, but there is negligible evidence of pollution 

outsourcing in targeted or energy dependent sectors. 

No Forgone Damages are Taken into Account 

For all scenarios, we have omitted consideration of this important class of policy 

benefits, including foregone local pollution and attendant public health cost savings. 

Over a thirteen year time horizon, and considering the amount of pollution reduction, 

these benefits could be significant (see e.g. Stern: 2006). 
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3 Background for the Climate Action Team Policy Scenarios 

In this section, we provide detailed information on data and modeling standards for 

the component policies of the Climate Action Team recommendations (Table 2.1 

above). Included with basic data and methodological information relevant to the BEAR 

model assessment are, for leading CAT policies, more detailed economic analysis of 

target sector initial conditions and issues. 

3.1 Building efficiency policies already underway  

Sector Analysis 

 For nearly three decades, under the authority of the California Energy 

Commission (CEC), /ŀƭƛŦƻǊƴƛŀΩǎ .ǳƛƭŘƛƴƎ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ {ǘŀƴŘŀǊŘǎ ƘŀǾŜ ǎǇŜŀǊƘŜŀŘŜŘ 

the national movement to achieve superior energy efficiency in the built environment 

ό/ŀƭƛŦƻǊƴƛŀ /ƭƛƳŀǘŜ Χ !ƎŜƴŎȅ !Σ нллсΤ Energy Efficiency Task Force, 2005) (See Figure 1). 

Relatedly, the Governors 2005 Green Buildings Initiative sets a mandate to achieve 

further levels of energy efficiency for state owned buiƭŘƛƴƎǎ ό/ŀƭƛŦƻǊƴƛŀ /ƭƛƳŀǘŜ Χ !ƎŜƴŎȅ 

B, 2007). This report (summary) contextualizes and overviews the standards with 

regards to their economic implications for the state of California.  
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Figure 4.1.1: Total Electricity Use Per Capita 

 

Source:California Energy Commision, 2005 

 

The Market: Demand for Energy Efficiency over a "ÕÉÌÄÉÎÇȭÓ Lifecycle 

  Energy consumption in buildings is responsible for over 1/3 of total primary 

energy consumption and associated emissions, using about 2/3 of all electricity 

produced nationally (Interlaboratory Working Group, 2000). Decisions at each of stages 

ƻŦ ŀ ōǳƛƭŘƛƴƎΩǎ ƭƛŦŜŎȅŎƭŜ ǊŜŦƭŜŎǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ǇǊƻƳƻǘŜ ǘƘŜ ǇǊŀŎǘƛŎŜ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ 

ǎƻǳƴŘ ōǳƛƭŘƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ŀŘƻǇǘ ŜŦŦƛŎƛŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎΦ ! ǎǘǊǳŎǘǳǊŜΩǎ ƭƛŦŜŎȅŎƭe is 

determined by apparently physical, but ultimately economic, considerations. Typically, it 

is the buildingΩs financial viability under given physical and institutional conditions that 

ŘŜǘŜǊƳƛƴŜǎ ǿƘŜǘƘŜǊ ƛǘ ƛǎ ǊŜŦǳǊōƛǎƘŜŘ ƻǊ ǊŜōǳƛƭǘΦ  ! ōǳƛƭŘƛƴƎΩǎ ƭƛŦŜŎycle can be divided into 

six stages; resource extraction, manufacturing, design and construction, 

occupancy/maintenance, demolition, and recycling/reuse/disposal (The 

9ƴǾƛǊƻƴƳŜƴǘŀƭΧ.ǳƛƭŘƛƴƎǎΣ мфффύ ό{ŜŜ CƛƎǳǊŜ нύΦ  


