Research Paper N0711112

Cap and Trade
Scenariogor
California

David RolandHolst

November, 2007

CENTER FOR ENERGY,
RESOURCES, AND ECONOMIC
SUSTAINABILTY
DEPARTMENT OF AGRCULTURAL
AND RESOURCE ECONOMICS
338 GIANNINI HALL
UNIVERSITY OF CALIFORNIA
BERKELEY, CA 94720



Research Papers Bnergy, Resources, and Economic
Sustainabity

This report is part of a s&s$ of research studies into alternative energy pathways for
the global economy. In addition to disseminating original research finditigsse
studies are intended to contribute to policy dialogue apdblic awareness about
environmenteconomy linkages and sustainable growali. opinions expressed here are
those of the authors and should not be attributed to their affiliated supporting
institutions.

For this project on Climate Actioand the California economy, financial support
from the Energy Foundation is gratefully acknowledg®gpecial thanks are due to the
many talented research assistants who provideduable input to this report: Jasmeet
Askhela (Electricity)Jennifer Chan (Solar and Vehicles), Elizabeth Creed (Trucking),
Stephun Hundt (Dairy and Cattld)anna Jin (Forestryphane Melnitzer (Landfill and
Cement),Tad Park (Semiconductoygivan WuRiodiesel), andleff Young (Biodiesel)
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 Kenneéymally, Chris Busch, Alex Farrell, Michael
Hanemann, Fritz Kahrl, Skip Laitner, Jason Mark, and Marcus Schneider have offered

many helpful insights and comments.



CONTENTS

EXECULIVE SUMIMAIY......eiiiiiiiiiiiiie et e e e e e e e e e e e e e s e e e e e e e e anes 1

1 ([ (Yo [ T3 (o] o 1T 4

2 /LI FYR ¢NIRSQE /2y NRGdziA2) 02 L. LEAF2NYAL

BaSElINE SCENANQ. .......viiiiiiiiie it 13
CAT ScenarioClimate Action TearRecommendations.............coocvvveeiieeeniiineenns 13
2.1 Policy Interactiorg CAT and C&T ......ccoeiiiiiiiiiiiie e 13
2.2 Scenarios for Alternative Coverage SChemes............ccovvivirmeeeeeniniiinineeennnnns 16
2.3 General Results INtErpretation..............uu e 23

Aggregate Redffects on the Economy are Small (Growth is not Threatened)....23
Individual Sector Demand, Output, and Employment can Change &igtijfi

(Economic Structure ChanQeS)......uuuuiuiiiiiieiiiiieieieeee e 23

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

Sectas that Cannot be Identified in Sectspecific Policy Analysis.................cccceenee. 24

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

Employment Effects are Positive in the MajorifySzenarios.............ccccceeeeevninnnnee. 25

NO SIgNIfiCANt LEAKAGE ....... i eeeiieiee it eeeees 25

No Forgone Damages are Taken into ACCOUNL...........uuveeieeiiieiiriiiieiieeeeeeeeeeeeeeen 25

2.4 The Role of INNOVALION...........oviiiiiiiieee e 26

3 REIBIEINCES. ... 30

/



Annex: Overview of the BEAR MODEL.......ccoouiiiiie ettt eens 37

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

Structure of the CGE MOdEL............ooiiiiiiii i 37
PrOQUCTION......eeiiicit e 38
Consumption and Closure RUIE.............eeviiiiiiiiiiiiieeeee e, 39
LT [T PO PP PR PP P PPP P PPPRPPPOY - 2
Dynamic Features and Calibration................eueeeeeeiiieiieiiiiiiiecieeceeee e 42
Capital ACUMUIALION. ..o 43
The putty/semiputty SPECIfICAtION...........ccceiiiiiiiiiieie e 43
DyNamiC CaliDration. .........ooiuuiiiiiiieee e 43
MOdElNG EMISSIONS....cceiiiiiiiiiiiiie et e e e 44

EMISSIONS DAA.........ceeeeiiieiiiiiieie e 50



Cap and Trade Scenarios €ulifornia

David RolandHolst

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 Capnal Trade (C&T) scheme. In particular, this approach is being
considered to complete greenhouse gas (GHG) mitigation objectives enunciated in
/I TETAF2NYAlIQa Df2oFf 2FN¥YAYy3I {2fdziazya ! Otz
levels by 2020. As indicated pmior research (e.g. Rolardolst:200abc), other climate
action initiatives are expected to fall short of tetateQ & 2 GSNI € f , &Wa aarzy
C&T system may be proposed to achieve the necessary residual emission reductions. In
this report, we useahe 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 ambitiosSt a 0 4 SQa DI C
reduction goals are attainable without significant aggregate economic castsindeed
California can gain from innovation induced by the right polici€srtainlyclimate

actionwill entail important adjustments for some individual indusf, but to the extent
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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 al@d 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 mgrams are considered in the context of innovation potential, these
L2t A OASaA Oty @AStfR admadl yiaalf SO2y2YAO
innovation rates,it is reasonable to expect climate action policies and incentive
programs to continue and even accelerateifoahia@ historical innovation processes.

At best, energy efficiency can join ICT,t&#h, and the stat® other knowledge
intensives industries to establish global standards terhnologies to meet and new
genemtion of demand forenergy saving andpollution mitigation. Cimate action is a
necessary response to new environmental risks, but it also represents an opportunity to
establish competitie advantage in one of the wo®Imost dynamic growth industries.

After detailed examination of a range of actual and proposed policies, we find that
the aggregate economic benefits aiany GHG mitigation policies outweigh their
microeconomic costsMoreover, some of the most prominent policiean stimulate
aggregate economic growth biyareasing productivity and efficiencyhile contributing
to the state® GHG mitigation initiatives

For a package of GHG mitigation policies recommended by the California Climate
Action Team (CAT)ye summarize general macroeconomic effects and structural
linkages that transmit economic impacts across the statenenwy. 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 arsilgadentified, 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 vaiety 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 thestate economy, reducing externahergy dependence
and increasingn-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 todlke 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 kirmhn support more effective policy

responses to climate change.



1 Introduction

I FEAF2NYAL Qa NI A LR yGasS (GHE emisdichsh had dralvNB&S vy K 2 dza
g2NI RQa FATOK fFNBSaAG SO2y2yYeée Ayid2 |y dzy LINS
energy and environmental decisions around the world. Within the state, it is widely
acknowledged that GHG policies already implemdnsd 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 respnse 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) modeBEAR 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 CaliforniaEnvironmental Protection Agency, and the same agency now wants to
extend the scope and depth of these findings. This proposal envisions building out
. 91wQa OFLI OAGeée G2 FRRNBaa | fINBSN asSid 27
needed to achievek S a il 6SQa 2FFAOALFIE DI D GFNBSGaA |yR

market based incentive schemes like carbon trading.

¢KS fFrad NRBdzyR 2F .9!'w lylteéara o6l a oNRI R
buttressed the public interest in legislativesdussion 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
GKFG . 9! wQa Ol fallrigokolistandol§ectiveZlsskdsrentfoiShe leading
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Overthe 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 beendhdevelopment 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 awarenemsd improve visibility for policy
makers and private stakeholdefdn the legislative process leading to the California
Global Warming Solutions Act (SB32), BEAR results figured prominently in public
RAaOdzaaA2y YR ¢SNB | dzz OidRto dayfy olitkh&actD 2 S NJ 2 NI &
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 undexsd before they are
AYLX SYSYGSRo Ly GKAa O2y(iSEGEZ &40SyFNAR2 |yl ¢
objectives and improve transparency about outcomes. Responsible analysis in this area
can increase the likelihood of two essential results: that thiEf@aia 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 polielsuating their individual
FYR O2Y0AYSR O2yiGNAodziAzya (2 GKS adl §SqQa LS
social indicators. By repeated scenario analysis across a spectrum of alternative designs,
better practices can be identified, as well as gpé 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 aaijustment 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

% See e.g. Rolardolst (2006ab, 2007a).



explicit distributional information in BEARptures 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 evaprateary 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 dadvotate
particular climate policies, their primary objective is to promote evideAcased
RAFE23dz2S GKFd OFy YIS LildzoftAO LIRtAOASA Y2NB
initiative in this area makes it an essential testing ground and precefitentlimate
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 réaluctHigh 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 BEARmodel is a dynamic computable general equilibrium (CGE) framework that
elucidates complex economgnvironment linkages in California. Because of the high
levd of institutional detail captured by the model and its database, it can be applied to a
broad spectrum of policy scenarioBecause it determines prices and emission levels
dynamically and endogenously, BEAR also captures policy interactions that would be
lost in partial equilibrium, static, or sectapecific analysisindeed, the modelwas
designed to elucidate the detailed market and incentive properties of a new generation
of climate action policies, more complex afad reachinghan any attempted talate.

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 significantadverse 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

emissionefficiency.

2 /L) FYR ¢NI RSQa / XyniaNbolicyzi A 2y

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 ofpolicies 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 list€dbie
2.1 below In a previous report (RoldrHolst:2007b), these policies were assessed in
cooperation with the California Air Resources bogeke also ARB:2007)

In this section, we use the BEAR model to evaluate what C&T can contribute to the
adFiSQa DID (FNBSGAZ o K®BgCAX MIdesSS@ythaBGRTAY O2y
Ad adzZllll2aSR (G2 O2YLX SGS GKS adlriasSQa YAGAIL G
to cdculate how much residual mitigation whle neededover and above that achieved
by the CAT policies. This is less stragyiatard than it might seem, because interactions
between the latter may lead to lower or higher levels of mitigatiban the simple
arithmetic sumof component policy effectsAlso, unanticipated economic effects of
CAT policies can influence their effeetness. 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 secondamarketinteractions (like the rebound effect), the
BEAR model can more accurately predict @Akt effects, and thereby the residual
mitigation needed from C&T. Even in experiments with C&T, the @AsBiens remain

7



endogenous, as their effectiveness at the teedevel 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 agatation. 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 consideratidosfurther 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 (Rolaitblst:2007¢) has already done thiad 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 mostaative economic
characteristics. Again, an energgvironmenteconomy CGE model like BEAR is best
suited to providing these answers. Going forward, BEAR will be used to support more
RSGFIATSR Fylfeara 2F LRftAOe YSoKbuyfckthera F2NJ !
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.



Table 2.1: CAT Scenarie dimate Action Policies Evaluated

ARB 1 30 1,331 6,643
Diesel Antildling  ARB 0.64 1.46 58 322
 Other New Light Duty Vehicle Technologies ~ ARB 0 5.4 1,580 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 Electrificaon ~~ ARB 0.08 0.55 150 119
~Manure Management  ARB 0 1 45 9
~ PFC Emission Reduction for Semiconductors ~ ARB 0.53 053 27 0
 Alternative Fuels: BiodieselBlends ~ ARB 0.4 0.8 0 0
 Alternative Fuels: Ethanol ~ ARB 0.62 2.38 3102 2,233
* HeavyDuty Vehicle Emission Reduction Measures ~ ARB 0 3.15 136 698
 Venting and Leaks in Oil and Gas Systems ~ ARB 1 1 10 9
HydrogenHjhway  ARB
 Achieve 50% Statewide Recycling Goal ~ IWMB 3 3 82 0
_ Landfil 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
| ForestConservaton ~ Forestry 0.4 0.4 15 0
" Fuels Management/Biomass ~~ Forestry 1.08 3.0 1.80 1,305 1,559
UbanForesty ~ Forestry 0.08 0.88 0.69 287 155
 Afforestation/Reforestation ~ Forestry 0.51 1.98 21 0
~ Water Use Effiiency ~ DWR 0.17 0.51 90 358
 Building Energy Efficiency Standarth Place ~ CEC 0.71 214 255 658
 Appliance Efficiency Standards in Place ~ CEC 0.41 4.48 509 1,489
 FuelEfficient Replacement Tires & Inflation Progs ~ CEC 0.05 0.12 1 32
 Building Energy Efficiency Standards in Progress ~ CEC
 Appliance Energy Efficiey Standards in Progress  CEC

CEC 1 1 3 8

CEC 1.3 6.0 1,632 2,147

CEC 1.3 6.0 0 0

CEC

CEC 1.3 6.0 216 0

CEC

BTH 1.68 8.7

BTH 1.04 9.97

BTH2 2,190 2,190

Food/Ag

Food/Ag 1 1 3 0

SCSA 0.5 1.8 559 559

SCSA 0 0 - -

CPUC 3.7 8.2 2.66 100 0

CPUC 0.19 0.92 890 322

CPUC 4.52 3.66 987 1,186

CPUC 0 5.60 1,690 1,790

CPUC 0.2 0.4 TBD TBD

CPUC 0 0 0 0

CPUC TBD TBD TBD TBD

30.31 138.73 6.00 17,805 24,337

Source: California Air Resources Board



Table2.2 below summarizes the general design characteristics of C&T programs,
using nontechnical terminolgy as much as possiblén 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 fixedefault settings
indicated asunderlinedin Table2.2. For program coverage, Table32groups the 8
sectors in the current BEAR database into three components. Group 1 sectors are
generally considered to be the most intensive stationary saaieeGHG emissions in
the state, and are primary topics of disgion as target sectors for any C&T program.
Group 2 sectors are associated with CAT policies, or of significant GHG interest in their
26y NAIKIGZ YR DNRdzLJ H aSO0G2NE O2YLINRAS GKS
In a first set of scenarios, wempare a baseline situation with CAT and C&T policies
combined, assuming different levels of CAT fulfilment. Because of their regulatory
complexity, CAT policies may fulfill 100% of their GHG reduction objectives or some
fraction thereof. In each case, ¢hC&T scheme will assume responsibility for the
NEaARdzrf 0SGeSSy /!¢ IyR GKS adrkisSQa wnun Ol
to 1990 emissions levels. For this reason, the C&T induced mitigation, and its
accompanying carbon price, will be greatbe 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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Table2.1: Cap and TradeProgram Dimensions

1)

2)

3)

4)

5)

6)

Scope/Coverage/Recognition
a) First tierCalifornia
b) First and Second tier California
c) All California (or unlimited #state offsets)
d) AllU. S. offsets
e) Global offsets
Allocation
a) Auction only
b) Partial auction
c) Concessional
Revenues
a) Lump sum to households
b) Rebate for efficiency investments
c) Rebate forother mitigation programg;, to be specified
Banking
a) No banking
b) Unlimited banking
c) Variationsg depreciation, sliding scale, etc.
Safetyvalves
a) Baselinec no uncertainty
b) Bands modeled with historic volatility
Phasein
a) Linearto 2020
b) Alternativesc to be spedied

11



Table 2.2: Alternative Coverage Groups

1. Group 1: kst-tier Emitters

AO04DistElc  Electricity Suppliers
A170ilRef Oil and Gas Refineries
A20Cement Cement

Group 2: 8condtier Emitters

AO1Agric Agriculture

Al2Cons Construction of Transport Infrastructure
Al15WoodPIlp Wood, Pulp, and Paper

A18Chemicl Chemicals

A21Metal Metal Manufacture and Fabrication
A22Aluminm  Aluminium Production

Group3: Other Industry Emitters

AO2Cattle Cattle Production

AO03Dairy Dairy Productn

AO4Forest Forestry, Fishery, Mining, Quarrying
AO050ilGas  Oil and Gas Extraction

A060thPrim  Other Primary Activities

AO07DistElec Generation and Distribution of Electricity
AO08DistGas Natural Gas Distribution

A09DistOth  Water, Sewage, Steam

Al10ConRes Resilential Construction

Al1ConNRes Non-Residential Construction
Al3FoodPrc Food Processing

Al4TxtAprl  Textiles and Apparel

Al6PapPrnt Printing and Publishing

Al9Pharma Pharmaceuticals

A23Machnry General Machinery

A24AirCon Air Conditioner, Refrigerator, Mararfturing
A25SemiCon Semiconductors

A26ElecApp Electrical Appliances

A27Autos Automobiles and Light Trucks
A280thVeh  Other Vehicle Manufacturing
A29AeroMfg Aeroplane and Aerospace Manufacturing
A300thind  Other Industry

12



BaselineScenario

Theinitial scenario we examine is a calibrated Baseline for the BEAR model, taking
explicit account of state projéions of anticipated improvements in state energy
STFTAOASyOed C2NJ NBEFSNByOS: GkKAa OFry o685
scenario that holds emission intensity levels constant from the base year (2005) to the
end of the forecast interval (2020Both 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 energyfigiency 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 (Z00ZD).

CAT Scenaric Climate Action Team Recommendations

Table 21 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 (Rolant#folst:2007c), and we will not repeat the details of this scenario

analyss.

2.1 Policy Interactior 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 showow different conbinations of policies might achieve thighe
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 targktenitigation, real GSP declines by less than a

13



guarter of one percentage point in the terminal ye&een another waythis amount is

less than the Baseline state growth rate over two consecutive months I £ A F2 NY A Qa
economy could achieve its ambitiswlimate action goals and overtake Baseline growth

trends only two months later, even under pessimispcogram and technology

assumptions.

Moreover, when the CAT policies are fully effective, employment actually grows in
the state economy. This resulial 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 baséhe consumption patterns. As the latter are much more
employment and irstate activity intensive, the net result of reduced energy
dependence is higher istate employment and income stimulus that almost fully offsets
losses from adjustment costs. Of coeirdhese are aggregate results, and the
composition of real adjustments will be more diverse. winners and losers will arise

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

Table2.4: AggregateCAT and C&Resultsc Percent Chage from Baseline Values in 2020

CAT C&T20 C&T 40 C&T 60

0.00 -0.13 -0.15 -0.21
-0.86 -0.87 -0.92 -1.02
0.05 0.03 -0.04 -0.25
-22.56 -28.05 -28.02 -28.13
80 100 100 100

$0 $22 $67 $206

To achieve targeted GHG mitigation,Gap and Trade mechanism like the one
modeledhere transfers the needed structural adjustments to private actors through a
market mechanism, offering a choice between inueg to increase efficiencyor
purchasing pollution rights. This approach is generally believed to be more efficient than

decentralized command and control systems, which have high monitoring costs and
14



create cost distortions by over narrow policy targetirOf course the ultimate efficiency
of any C&T program depends on its many other design characteristics, but the present
example highlights an important orgethe absolute mitigatin target. In Scenarios4, a
progressiveljarger mitigation target is iposed on the C&T system, and it is apparent
from the imputed carbon price (Figure 2.1) that there are limiting elements at work
this system

To be precisgthe imputed carbon price is the average cost of a pollution permit,
denominated in units of Millin Metric Tons of CO2 equivalent (MMTCOZ2e) pollution
6 a Ol Nb 2y éClear®y s grigedshbinbnear in relation to the total amount of the
GHG mitigation objective, reflecting structural constraints at the sectoral level (i.e. rising
marginal costsof 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 impodnce 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 siply 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 gigest 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 feofestate offsets?
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 @fucse it could

% In-state offsets are discussed in the next scenario set below.
15



be cheaper in the short termCarbon 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 foy FAf f ¢ 2FFasSda 7T
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

Carbon Price(S/MMTCO2e)

$250
$200 ///ﬁ
$150

$100 ///,

s yd
—

0] 20 40 60 80

Percent of Target GHG Reduction Met by C&T

2.2 Scenarios for Alternative Garnage Schemes

To see the consequences aiternative C&T coveragschemes we compare three
progressivescenarios withC&T imposed orver more inclusive groups. To be precise,
we define a cap on target population thatincluding Groups 1, 2, and @rogressively.
¢KAad OFLI A& O2YLWziSR Fa GKS NBaARdzZ f 0o

(0p))
(antN
[N
(0p))
N

emissions in the presence of fully effective CAT policies (Scehabove). While it is

very difficult to estimate the administrative cost of expandprgpgram overage,it is

16



useful to see the implications for sectoraiduced 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 indivgieiors,
the overall state economy will be little affected by thiesign choicén macroeconomic
terms. Overall state product (real GSP) is imperceptibly affected by coverage, suggesting
that the Group 1 and 2 stakeholder groups have little macroecoaoqustification 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 laintensive sectoré.

Table2.4: Aggregate C&T ResultsPercent Change from Baselin@Mes in 2020

-0.138 -0.144 -0.158
-0.85 -0.86 -0.88
0.05 0.04 0.02
-28.08 -28.15 -28.24
100.00 100.00 100.00

$ 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 industrieable 2.6 presents annualized sectoral
rates of GHG reduction as these would come from a C&T scheme to hit th@ 2ag9
target, under three alternative coverage schem@sctoral rates will differ according to
many factors, including how they parpete in emissions trading, indirect linkage
effects, and relative adjustment cost$hese can vary in the BEAR model because

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

“As previous BEAR results have consistently shown, climate action creates employment at the aggregate
level.
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1. Policy interaction¢ In some cases, policies have interaetidirect 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 substitutiorg The current scenarios doot 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/a factors of productions to achieve greater cost effectiveness.

3. Indirect price effectg 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 caskfuels, 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 serséctors, like
Ground Transport (GndTns) and Wholesale and Retail TiatéT(ad. Both sectors
experience significant emissions reductions because they are impacted by many
components of the CAT policies, yet rising service sector demand offsets artva@ega
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 industigypeffects 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 possiblersglv®nsequences
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 measdirgsging 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 bdamked. 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 2.6nithe most inclusive scheme most induss would have to
average 1.38.50% annual emission reduction over the period 20020° These rates
are O2YYSyYyadz2NI G6S 6AGK [/ FEAF2NYAFIQa | @SN 3S
decades, and would probably be feasible across the board. When thées captricted
only to Group 1&2 sectors, average abatement for covered sectors rises t&€ D6%
per year, in many cases above historical average rates of improvement. In the most
restrictive case, the three Groupl sectors must deliver average abateratsd (above
their CAT commitments) of 2.4665% 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 induicedvation.
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 i 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 inclusiveC&Tsystems have advantagen terms of equy, feasibility, and broader

technology externalities.

® Note that service sectors are nobwered 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 Industr{due to C&T alone)
Annualized Percent Reduction in GHG Emissions (28020)

-1.46 -1.93 -.02
-1.46 -.02 -.02
-1.35 -.03 -.02
-1.42 .05 .10
-1.49 -.04 -.05
-1.47 -01 -.02
-1.35 -1.79 -2.52
-1.46 -01 -.01
-1.47 -01 -01
-1.47 -.02 -.02
-1.47 -.02 -.03
-1.47 -1.96 -01
-1.47 -.01 -.01
-1.47 -01 -01
-1.47 -1.95 .00
-1.47 -.01 -.01
-1.17 -1.55 -2.16
-1.47 -1.96 -.02
-1.47 .00 -01
-1.41 -1.88 -2.65
-1.48 -1.97 -.02
-1.48 -1.96 -.02
-1.47 -01 -01
-1.32 -01 -01
-1.47 -.01 -.01
-1.45 .02 .03
-1.45 .01 .01
-1.47 -01 -01
-1.47 -01 -01
-1.47 -01 -01
-01 -01 -01
-01 -01 -01
-01 -01 -01
-01 -.01 -.02
-01 -01 -01
-01 -.02 -.02
-01 -01 -01
-01 -01 -01

.00 .00 -01

.00 .00 -.01

.00 -01 -01
-01 -01 -01

.00 -01 -01
-.01 -.01 -.02
-1.37 .00 .00

.00 .00 .00

.00 .00 .00

.00 .00 -.01
-01 -.01 -.01

-.01 -.01 -.01







