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Cap and Trade Scenarios for California 

David Roland-Holst1 

November, 2007 

 

Executive Summary 

As part of its broad spectrum of climate action policies, the state of California is 

considering instituting a market oriented system of tradable pollution rights, often 

referred to as a Cap and Trade (C&T) scheme. In particular, this approach is being 

considered to complete greenhouse gas (GHG) mitigation objectives enunciated in 

/ŀƭƛŦƻǊƴƛŀΩǎ Dƭƻōŀƭ ²ŀǊƳƛƴƎ {ƻƭǳǘƛƻƴǎ !ŎǘΣ ǊŜǘǳǊƴƛƴƎ ǘƘŜ ǎǘŀǘŜ ǘƻ мффл DID ŜƳƛǎǎƛƻƴ 

levels by 2020. As indicated in prior research (e.g. Roland-Holst:2007abc), other climate 

action initiatives are expected to fall short of the stateΩǎ ƻǾŜǊŀƭƭ ŜƳƛǎǎƛƻƴ ǘŀǊƎŜǘ, and a 

C&T system may be proposed to achieve the necessary residual emission reductions. In 

this report, we use the Berkeley Energy and Resources (BEAR) model to provide some 

initial assessments of how C&T strategies can achieve these objectives and their 

concomitant effects on the California economy. 

Generally speaking, our results indicate that, while ambitious, tƘŜ ǎǘŀǘŜΩǎ DID 

reduction goals are attainable without significant aggregate economic costs, and indeed 

California can gain from innovation induced by the right policies. Certainly climate 

action will entail important adjustments for some individual industries, but to the extent 

                                                           

1
 Department of Agricultural and Resource Economics. Correspondence: dwrh@are.berkeley.edu.  

mailto:dwrh@are.berkeley.edu


2 

 

that these promote innovation and fuel saving, many economic benefits will accrue that 

partially or completely offset adoption and other costs. Because the C&T policies 

considered are market oriented, they enable flexible, price directed allocation of 

pollution rights and decentralization of innovation decisions. Both these characteristics 

of C&T contribute to more efficient structural transition and adaptation of the economy 

to public preferences for reduced CO2 emissions. 

When C&T programs are considered in the context of innovation potential, these 

ǇƻƭƛŎƛŜǎ Ŏŀƴ ȅƛŜƭŘ ǎǳōǎǘŀƴǘƛŀƭ ŜŎƻƴƻƳƛŎ ōŜƴŜŦƛǘǎΦ .ŀǎŜŘ ƻƴ /ŀƭƛŦƻǊƴƛŀΩǎ ƘƛǎǘƻǊƛŎ 

innovation rates, it is reasonable to expect climate action policies and incentive 

programs to continue and even accelerate CaliforniaΩs historical innovation processes. 

At best, energy efficiency can join ICT, Biotech, and the stateΩs other knowledge-

intensives industries to establish global standards for technologies to meet and new 

generation of demand for energy saving and pollution mitigation. Climate action is a 

necessary response to new environmental risks, but it also represents an opportunity to 

establish competitive advantage in one of the worldΩs most dynamic growth industries. 

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 can stimulate 

aggregate economic growth by increasing productivity and efficiency, while contributing 

to the stateΩs GHG mitigation initiatives.  

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

Action Team (CAT), we summarize general macroeconomic effects and structural 

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.  
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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. 
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1 Introduction 

/ŀƭƛŦƻǊƴƛŀΩǎ ǊŜǎǇƻƴǎŜ ǘƻ ǊƛǎƛƴƎ DǊŜŜƴƘƻǳǎŜ Gas (GHG) emissions has drawn the 

ǿƻǊƭŘΩǎ ŦƛŦǘƘ ƭŀǊƎŜǎǘ ŜŎƻƴƻƳȅ ƛƴǘƻ ŀƴ ǳƴǇǊŜŎŜŘŜƴǘŜŘ ǇƻƭƛŎȅ ŘƛŀƭƻƎǳŜ ǘƘŀǘ ǿƛƭƭ ƛƴŦƭǳŜƴŎŜ 

energy and environmental decisions around the world. Within the state, it is widely 

acknowledged that GHG policies already implemented and under consideration will 

have far reaching economic consequences, yet the basis for evidence on these effects 

remains weak. For this reason, state institutions have expressed an urgent interest in 

strengthening research capacity in this area. 

In response to this, research 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 the same agency now wants to 

extend the scope and depth of these findings. This proposal envisions building out 

.9!wΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ŀŘŘǊŜǎǎ ŀ ƭŀǊƎŜǊ ǎŜǘ ƻŦ ǇƻƭƛŎƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƻƴŜǎ 

needed to achieve tƘŜ ǎǘŀǘŜΩǎ ƻŦŦƛŎƛŀƭ DID ǘŀǊƎŜǘǎ ŀƴŘ ŎŀǇŀŎƛǘȅ ǘƻ ŜǾŀƭǳŀǘŜ ǎŎŜƴŀǊƛƻǎ ŦƻǊ 

market based incentive schemes like carbon trading. 

 

¢ƘŜ ƭŀǎǘ ǊƻǳƴŘ ƻŦ .9!w ŀƴŀƭȅǎƛǎ ǿŀǎ ōǊƻŀŘƭȅ ƛƴ ŀŎŎƻǊŘ ǿƛǘƘ ǘƘŜ ǎǘŀǘŜΩǎ ŦƛƴŘƛƴƎǎ ŀƴŘ 

buttressed the public interest in legislative discussion of Assembly Bill 32. In the next 

phase of climate action dialogue, more specific policies will be subjected to intensive 

public and private scrutiny. At this critical moment of policy debate, it is very important 

ǘƘŀǘ .9!wΩǎ ŎŀǇŀŎƛǘȅ ōŜ ŀǾŀƛƭŀōƭŜ for rigorous and objective assessment of the leading 

issues. 
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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 Order to carry out the act. 

Climate action policies generally, and cap and trade systems in particular, can have 

complex behavioral properties and far reaching economic effects. Thus it is important 

that their detailed economic implications be well understood before they are 

ƛƳǇƭŜƳŜƴǘŜŘΦ Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎƛǎ Ŏŀƴ ǎƘƻǿ Ƙƻǿ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ǎǘŀǘŜΩǎ 

objectives and improve transparency about outcomes. Responsible analysis in this area 

can increase the likelihood of two essential results: that the California mechanism works 

effectively and that it achieves the right balance between public and private interest. 

To further elucidate the economic effects of climate action, the BEAR model will be 

used for ex ante assessment of a range of climate policies, evaluating their individual 

ŀƴŘ ŎƻƳōƛƴŜŘ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ŎǊƛǘŜǊƛŀ ŀƴŘ ƻǘƘŜǊ ŜŎƻƴƻƳƛŎ ŀƴŘ 

social indicators. By repeated scenario analysis across a spectrum of alternative designs, 

better practices can be identified, as well as special adjustment needs for individual 

stakeholders. Initial conditions, such as varying allocation/auction rules and cap phase-

ins, can be compared across explicit annual time paths. Dynamic policy components, 

such as sequencing, banking, safety valves, and adjustment paths, also need to be better 

understood, and BEAR has the intertemporal structure and sectoral detail to do this. 

Equity effects of policies, such as energy price changes, need to be anticipated, and 

                                                           

2
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explicit distributional information in BEAR captures this. The six primary dimensions of a 

generic cap and trade program are summarized in Table 1 below. 

In a preliminary exercise to complement the CAT scenario analysis in the first 

component of the proposed research, BEAR will be used to evaluate primary design 

characteristics of recommendations emerging from the Market Advisory Committee and 

other institutions contributing to cap and trade discussions over the next seven months.  

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 

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 
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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 /ŀǇ ŀƴŘ ¢ǊŀŘŜΩǎ /ƻƴǘǊƛōǳǘƛƻƴ ǘƻ /ŀƭƛŦƻǊƴƛŀ Climate Policy 

As mentioned above, the C&T approach is intended to complement a range of 

current and future climate action policies in California. Most prominent among the 

latter group are a suite of policies termed the Climate Action Team (CAT) 

recommendations, which were proposed by CalEPA in January 2006. Consisting of over 

45 separate sectoral, household, and transportation policies, these are listed in Table 

2.1 below. In a previous report (Roland-Holst:2007b), these policies were assessed in 

cooperation with the California Air Resources board (see also ARB:2007).  

In this section, we use the BEAR model to evaluate what C&T can contribute to the 

ǎǘŀǘŜΩǎ DID ǘŀǊƎŜǘǎΣ ǿƘŜƴ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ŎƻƴŎŜǊǘ ǿƛǘh the CAT policies. Given that C&T 

ƛǎ ǎǳǇǇƻǎŜŘ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ǎǘŀǘŜΩǎ ƳƛǘƛƎŀǘƛƻƴ ǘƻ ǘƘŜ нлнл ǘŀǊƎŜǘ ƭŜǾŜƭǎΣ ǘƘŜ ŦƛǊǎǘ ǘŀǎƪ ƛǎ 

to calculate how much residual mitigation will be needed over and above that achieved 

by the CAT policies. This is less straightforward than it might seem, because interactions 

between the latter may lead to lower or higher levels of mitigation than the simple 

arithmetic sum of component policy effects. Also, unanticipated economic effects of 

CAT policies can influence their effectiveness. For example, fuel efficiency may lower 

household total fuel cost (even at constant prices), leading to more driving and 

offsetting part of the expected gain from CAT vehicle measures. Because it captures 

both policy interaction and secondary market interactions (like the rebound effect), the 

BEAR model can more accurately predict CATΩs net effects, and thereby the residual 

mitigation needed from C&T. Even in experiments with C&T, the CAT emissions remain 
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endogenous, as their effectiveness at the sector level may be altered by direct and 

indirect additional policy pressure. An example of the former would be to include CAT 

target sectors in the C&T program, as many probably will be. If the regulations are 

simply additive, this could complicate their adaptation. If, by contrast, they received 

permits in recognition of CAT attainment, it could partially or completely offset 

adjustment costs. In the present exercise, we hold allocation schemes constant, but 

clearly these are important design considerations for further analysis. 

From another perspective, it is important to go beyond environmental assessment 

and measure the economic effects of both the CAT measures and the C&T program. A 

recent study in this series (Roland-Holst:2007c) has already done this kind of assessment 

for CAT, and we now add a more detailed appraisal of alternative C&T complementary 

policies. Many different policy designs can achieve equal GHG reductions for California, 

but the state clearly needs to adopt those that have the most attractive economic 

characteristics. Again, an energy-environment-economy CGE model like BEAR is best 

suited to providing these answers. Going forward, BEAR will be used to support more 

ŘŜǘŀƛƭŜŘ ŀƴŀƭȅǎƛǎ ƻŦ ǇƻƭƛŎȅ ƳŜŎƘŀƴƛǎƳǎ ŦƻǊ !w.Ωǎ ǇǊƻǇƻǎŀƭǎ ƻƴ ŎƭƛƳŀǘŜ ŀŎǘƛon, but for the 

present we want to give some general indications of how C&T policies interact with CAT 

initiatives to affect both emissions and the state economy.  
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Table 2.1: CAT Scenario - 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 below summarizes the general design characteristics of C&T programs, 

using non-technical terminology as much as possible. In the present section, we 

examine only the first set of design characteristics, program scope or the sectoral 

coverage of the emission cap. Other design features will be fixed at default settings 

indicated as underlined in Table 2.2. For program coverage, Table 2.3 groups the 30 

sectors in the current BEAR database into three components. Group 1 sectors are 

generally considered to be the most intensive stationary sources of GHG emissions in 

the state, and are primary topics of discussion as target sectors for any C&T program. 

Group 2 sectors are associated with CAT policies, or of significant GHG interest in their 

ƻǿƴ ǊƛƎƘǘΣ ŀƴŘ DǊƻǳǇ н ǎŜŎǘƻǊǎ ŎƻƳǇǊƛǎŜ ǘƘŜ ǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘȅΦ 

In a first set of scenarios, we compare a baseline situation with CAT and C&T policies 

combined, assuming different levels of CAT fulfillment. Because of their regulatory 

complexity, CAT policies may fulfill 100% of their GHG reduction objectives or some 

fraction thereof. In each case, the C&T scheme will assume responsibility for the 

ǊŜǎƛŘǳŀƭ ōŜǘǿŜŜƴ /!¢ ŀƴŘ ǘƘŜ ǎǘŀǘŜΩǎ нлнл ǘŀǊƎŜǘǎ ŦƻǊ DID ǊŜŘǳŎǘƛƻƴǎ ƴŜŜŘŜŘ ǘƻ ǊŜǘǳǊƴ 

to 1990 emissions levels. For this reason, the C&T induced mitigation, and its 

accompanying carbon price, will be greater the less the degree to which CAT meets its 

targets. For illustrative purposes, we consider CAT fulfillment levels of 100%, 75%, and 

50%, and we assume the C&T policy covers all emitting sectors (Groups 1, 2, and 3 of 

Table 2.2). 
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Table 2.1: Cap and Trade Program Dimensions 

 
 

  

1) Scope/Coverage/Recognition 
a) First tier California 
b) First and Second tier California 
c) All California (or unlimited in-state offsets) 
d) All U. S. offsets 
e) Global offsets 

2) Allocation 
a) Auction only 
b) Partial auction 
c) Concessional  

3) Revenues 
a) Lump sum to households 
b) Rebate for efficiency investments 
c) Rebate for other mitigation programs ς to be specified 

4) Banking 
a) No banking 
b) Unlimited banking 
c) Variations ς depreciation, sliding scale, etc. 

5) Safety-valves 
a) Baseline ς no uncertainty 

b) Bands modeled with historic volatility 
6) Phase-in 

a) Linear to 2020 
b) Alternatives ς to be specified 
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Table 2.2: Alternative Coverage Groups  

 

 

 

 

1. Group 1:  First-tier Emitters 
A04DistElc Electricity Suppliers 
A17OilRef Oil and Gas Refineries 
A20Cement Cement 

2. Group 2: Second-tier Emitters 
A01Agric Agriculture 
A12Constr Construction of Transport Infrastructure 
A15WoodPlp Wood, Pulp, and Paper 
A18Chemicl Chemicals 
A21Metal Metal Manufacture and Fabrication 
A22Aluminm Aluminium Production 

3. Group3: Other Industry Emitters 
A02Cattle Cattle Production 
A03Dairy Dairy Production 
A04Forest Forestry, Fishery, Mining, Quarrying 
A05OilGas Oil and Gas Extraction 
A06OthPrim Other Primary Activities 
A07DistElec Generation and Distribution of Electricity 
A08DistGas Natural Gas Distribution 
A09DistOth Water, Sewage, Steam 
A10ConRes Residential Construction 
A11ConNRes Non-Residential Construction 
A13FoodPrc Food Processing 
A14TxtAprl Textiles and Apparel 
A16PapPrnt Printing and Publishing 
A19Pharma Pharmaceuticals 
A23Machnry General Machinery 
A24AirCon Air Conditioner, Refrigerator, Manufacturing 
A25SemiCon Semiconductors 
A26ElecApp Electrical Appliances 
A27Autos Automobiles and Light Trucks 
A28OthVeh Other Vehicle Manufacturing 
A29AeroMfg Aeroplane and Aerospace Manufacturing 
A30OthInd Other Industry 
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Baseline Scenario 

The initial scenario we examine is a calibrated Baseline for the BEAR model, taking 

explicit account of state projections of anticipated improvements in state energy 

ŜŦŦƛŎƛŜƴŎȅΦ CƻǊ ǊŜŦŜǊŜƴŎŜΣ ǘƘƛǎ Ŏŀƴ ōŜ ŎƻƴǘǊŀǎǘŜŘ ǿƛǘƘ ŀ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέ ό.!¦ύ 

scenario that holds emission intensity levels constant from the base year (2005) to the 

end of the forecast interval (2020). Both the BAU and Baseline scenarios are calibrated 

to the same officially (California Department of Finance) projected GSP growth rates, 

but the Baseline incorporates more optimistic (California Energy Commission) 

projections for improvements in energy efficiency and emission intensity. This Baseline 

is then used as the dynamic reference path for evaluating alternative policy initiatives 

and changing external conditions over the same period (2005-2020).   

CAT Scenario - Climate Action Team Recommendations 

Table 2.1 summarizes the Climate Action Team recommendations, as revised and re-

estimated by the Air Resources Board (ARB:2007). These have been discussed in detail 

elsewhere (Roland-Holst:2007c), and we will not repeat the details of this scenario 

analysis.  

 

2.1 Policy Interaction ς CAT and C&T 

In this section, we compare macro results for the three scenarios in Table 2.4. These 

represent a reference case, assuming California meets its 2020 goals for GHG mitigation, 

but are designed to show how different combinations of policies might achieve this. The 

aggregate results in Table 2.4 indicate that, even with technological neutrality, the 

growth cost of GHG reduction in California is negligible. Even in the worst case, when 

C&T has to achieve 60% of the targeted mitigation, real GSP declines by less than a 
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quarter of one percentage point in the terminal year. Seen another way, this amount is 

less than the Baseline state growth rate over two consecutive months, i.e. /ŀƭƛŦƻǊƴƛŀΩǎ 

economy could achieve its ambitious climate action goals and overtake Baseline growth 

trends only two months later, even under pessimistic program and technology 

assumptions.  

Moreover, when the CAT policies are fully effective, employment actually grows in 

the state economy. This result has been a defining characteristic of BEAR findings for 

some time, and results from expenditure shifting in response to energy efficiency gains. 

As households and business reduce relative spending on energy, these expenditures are 

re-directed to other baseline consumption patterns. As the latter are much more 

employment and in-state activity intensive, the net result of reduced energy 

dependence is higher in-state employment and income stimulus that almost fully offsets 

losses from adjustment costs. Of course these are aggregate results, and the 

composition of real adjustments will be more diverse, i.e. winners and losers will arise 

during the process of adjusting to more expensive carbon in the economy. 

Table 2.4: Aggregate CAT and C&T Results ς Percent Change from Baseline Values in 2020 
 

 Scenario    2 3 4 5 

 CAT C&T 20 C&T 40 C&T 60 

Real GSP 0.00 -0.13 -0.15 -0.21 

Personal Income -0.86 -0.87 -0.92 -1.02 

Employment* 0.05 0.03 -0.04 -0.25 

Emissions -22.56 -28.05 -28.02 -28.13 

GHG Reduction (%Target) 80 100 100 100 

Emission Price $0 $22 $67 $206 

 

To achieve targeted GHG mitigation, a Cap and Trade mechanism like the one 

modeled here transfers the needed structural adjustments to private actors through a 

market mechanism, offering a choice between investing to increase efficiency or 

purchasing pollution rights. This approach is generally believed to be more efficient than 

decentralized command and control systems, which have high monitoring costs and 
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create cost distortions by over narrow policy targeting. Of course the ultimate efficiency 

of any C&T program depends on its many other design characteristics, but the present 

example highlights an important one ς the absolute mitigation target. In Scenarios 2-4, a 

progressively larger mitigation target is imposed on the C&T system, and it is apparent 

from the imputed carbon price (Figure 2.1) that there are limiting elements at work in 

this system. 

To be precise, the imputed carbon price is the average cost of a pollution permit, 

denominated in units of Million Metric Tons of CO2 equivalent (MMTCO2e) pollution 

όάŎŀǊōƻƴέ ŦƻǊ ǎƘƻǊǘύΦ Clearly this price is nonlinear in relation to the total amount of the 

GHG mitigation objective, reflecting structural constraints at the sectoral level (i.e. rising 

marginal costs of abatement). These profiles will differ in the short and long run, 

becoming more linear and even more horizontal or even decreasing with the advent of 

efficiency innovations. During the term of the policy, however, it is important to 

recognize the importance of burden sharing between CAT initiatives and the C&T 

mechanism. In particular, CAT or C&T exceptions made with reference to the other 

program will not, generally, improve overall efficiency. In particular, CAT exceptions for 

targeted sectors will simply transfer the burden to other (C&T) sectors, and may do so in 

a way that is less efficient. Because they are targeted closer to GHG sources, it is 

reasonable to infer that CAT policies represent more efficient mitigation. For this 

reason, our results suggest that CAT policies should be implemented in a way that 

realizes their fullest mitigation potential, leaving the smallest residual mitigation to be 

covered by the C&T mechanism. 

The scenarios presented here have analogous implications for out-of-state offsets.3 

If CAT policies do not achieve their intended mitigation, California has the option to 

outsource climate action by recognizing pollution reductions achieved elsewhere. This 

might rob the state of important long term innovation potential, but of course it could 

                                                           

3
 In-state offsets are discussed in the next scenario set below. 



16 

 

be cheaper in the short term. Carbon prices with 100% CAT fulfillment are in the range 

observed in overseas carbon markets, but for higher levels this price rises rapidly. In this 

case, at least on a transitory basis, it might make sense to άƛƴŦƛƭƭέ ƻŦŦǎŜǘǎ ŦƻǊ ǘƘŜ /!¢ 

shortfalls. It is essential for state regulators to recognize, however, that his type of 

safety valve may undermine necessary long term technology adoption. 

 

Figure 2.1: Imputed Price of Carbon 

 

 

 

2.2 Scenarios for Alternative Coverage Schemes 

To see the consequences of alternative C&T coverage schemes, we compare three 

progressive scenarios with C&T imposed on ever more inclusive groups. To be precise, 

we define a cap on a target population that including Groups 1, 2, and 3, progressively. 

¢Ƙƛǎ ŎŀǇ ƛǎ ŎƻƳǇǳǘŜŘ ŀǎ ǘƘŜ ǊŜǎƛŘǳŀƭ ōŜǘǿŜŜƴ ǘƘŜ ǎǘŀǘŜΩǎ нлнл ǘŀǊƎŜǘ ŀƴŘ ŀƎƎǊŜƎŀǘŜ 

emissions in the presence of fully effective CAT policies (Scenario 2 above). While it is 

very difficult to estimate the administrative cost of expanding program coverage, it is 
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useful to see the implications for sectoral induced efficiency levels. Clearly, these 

induced effects would be greater if CAT policies are less than fully effective.  

Results in Table 2.5 indicate that, while coverage may matter to individual sectors, 

the overall state economy will be little affected by this design choice in macroeconomic 

terms. Overall state product (real GSP) is imperceptibly affected by coverage, suggesting 

that the Group 1 and 2 stakeholder groups have little macroeconomic justification for 

concessions with respect to C&T. On the contrary, the least inclusive system is better for 

overall state employment, as resources shift to more labor-intensive sectors.4  

Table 2.4: Aggregate C&T Results ς Percent Change from Baseline Values in 2020 
 

 Scenario    6 7 8 

 Group 1, 2, 3 Group 1, 2 Group1 

Real GSP -0.138 -0.144 -0.158 

Personal Income -0.85 -0.86 -0.88 

Employment* 0.05 0.04 0.02 

Emissions -28.08 -28.15 -28.24 

Percent of GHG Target 100.00 100.00 100.00 

Emission Price  $         22   $         58   $      172  

 

Having said this, adjustments at the sectoral level suggest that choice of coverage 

will be important for other reasons. The first of these is the actual feasibility of 

sustained abatement by individual industries. Table 2.6 presents annualized sectoral 

rates of GHG reduction as these would come from a C&T scheme to hit the stateΩs 2020 

target, under three alternative coverage schemes. Sectoral rates will differ according to 

many factors, including how they participate in emissions trading, indirect linkage 

effects, and relative adjustment costs. These can vary in the BEAR model because 

emission levels are endogenous. Three primary forces are at work here: 

                                                           

4
As previous BEAR results have consistently shown, climate action creates employment at the aggregate 

level.  
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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 

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 
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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. 

Returning to Table 2.6, in the most inclusive scheme most industries would have to 

average 1.35-1.50% annual emission reduction over the period 2012-2020.5 These rates 

are ŎƻƳƳŜƴǎǳǊŀǘŜ ǿƛǘƘ /ŀƭƛŦƻǊƴƛŀΩǎ ŀǾŜǊŀƎŜ ŜŦŦƛŎƛŜƴŎȅ Ǝŀƛƴǎ ƻǾŜǊ ǘƘŜ ƭŀǎǘ ǎŜǾŜǊŀƭ 

decades, and would probably be feasible across the board. When the cap is restricted 

only to Group 1&2 sectors, average abatement for covered sectors rises to 1.55-2.00% 

per year, in many cases above historical average rates of improvement. In the most 

restrictive case, the three Group1 sectors must deliver average abatement rates (above 

their CAT commitments) of 2.16-2.65% for eight years. These rates are well above the 

historical average for the state as a whole, and will probably require accelerated 

depreciation of capital, faster technology adoption, and more rapid induced innovation. 

All these factors are likely to drive up the price of emissions permits substantially, as the 

BEAR results in the last row indicate. Technology change in even a few target sectors 

might be desirable from an innovation perspective, but the potential for technology 

advancement is probably wider than this, and spillovers for other economic activities 

will be greater the more diverse is the innovation process. Upon casual inspection then, 

more inclusive C&T systems have advantages in terms of equity, feasibility, and broader 

technology externalities. 

  

                                                           

5
 Note that service sectors are not covered by these schemes, although they may contribute to overall 

abatement through the CAT policies or indirectly via linkages to covered sectors.  
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Table 2.6: Sectoral Abatement for Industry (due to C&T alone) 
Annualized Percent Reduction in GHG Emissions (2012-2020) 

Sector Scenario 6 Scenario 7 Scenario 8 

Agric -1.46 -1.93 -.02 
Cattle -1.46 -.02 -.02 
Dairy -1.35 -.03 -.02 
Forest -1.42 .05 .10 
OilGas -1.49 -.04 -.05 
OthPrim -1.47 -.01 -.02 
DistElec -1.35 -1.79 -2.52 
DistGas -1.46 -.01 -.01 
DistOth -1.47 -.01 -.01 
ConRes -1.47 -.02 -.02 
ConNRes -1.47 -.02 -.03 
Constr -1.47 -1.96 -.01 
FoodPrc -1.47 -.01 -.01 
TxtAprl -1.47 -.01 -.01 
WoodPlp -1.47 -1.95 .00 
PapPrnt -1.47 -.01 -.01 
OilRef -1.17 -1.55 -2.16 
Chemicl -1.47 -1.96 -.02 
Pharma -1.47 .00 -.01 
Cement -1.41 -1.88 -2.65 
Metal -1.48 -1.97 -.02 
Aluminm -1.48 -1.96 -.02 
Machnry -1.47 -.01 -.01 
AirCon -1.32 -.01 -.01 
SemiCon -1.47 -.01 -.01 
ElecApp -1.45 .02 .03 
Autos -1.45 .01 .01 
OthVeh -1.47 -.01 -.01 
AeroMfg -1.47 -.01 -.01 
OthInd -1.47 -.01 -.01 
WhlTrad -.01 -.01 -.01 
RetVeh -.01 -.01 -.01 
AirTrns -.01 -.01 -.01 
GndTrns -.01 -.01 -.02 
WatTrns -.01 -.01 -.01 
TrkTrns -.01 -.02 -.02 
PubTrns -.01 -.01 -.01 
RetAppl -.01 -.01 -.01 
RetGen .00 .00 -.01 
InfCom .00 .00 -.01 
FinServ .00 -.01 -.01 
OthProf -.01 -.01 -.01 
BusServ .00 -.01 -.01 
WstServ -.01 -.01 -.02 
LandFill -1.37 .00 .00 
Educatn .00 .00 .00 
Medicin .00 .00 .00 
Recratn .00 .00 -.01 
HotRest -.01 -.01 -.01 
OthPrSv -.01 -.01 -.01 

 




