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Executive Summary

Ongoing climate-change research indicates that huativities are contributing to a warming of thartn
through activities that result in emissions of larguantities of greenhouse gases (GHGSs) that test im the
atmosphereAmong these activities are production and congiempf fossil fuels, changes in land-use patterns,
production of agricultural goods, and various irtdakprocesses. Climate models have projected ¢eatpre
increases from these anthropogenic emissions aekeat2.5 F and 10.4 F by 2100 (Houghton et al.,120potentially

leading to significant environmental changes andate variability across regions of the globe.

Numerous strategies to mitigate these impacts eirglileveloped and implemented by governments droun
the world. Among these are the Kyoto Protocol, &thby many Annex | countries; Canada’s Climater@eaPlan;
and the ongoing European Union Emissions Tradirgie®y (EU-ETS), which represents the world’s first
multinational GHG trading system. Within the Unit8thtes, a variety of national-, regional—, antestvel proposals
for reducing GHG emissions are being developed. &aenple is the Regional Greenhouse Gas InitidR@Gl),
where a group of Northeastern and Mid-Atlanticestas cooperating to enact a cap-and-trade systeoafbon-
dioxide emissions from power plants another isatif6rnia, which has formally adopted a greenhagese reduction
target of 1990 levels by the year 2020 and is dedpaihe policy suite (including cap-and-traded)mplement. At the
national level, a variety of bills have been praghswith alternative elements including incentif@scarbon capture
and storage, renewable energy, automobile standadisven reengagement at the international leelonsistent
element in most of these proposals however, isnitlasion of cap-and-trade system that allows taedfer of permits
from firms with low cost of GHG controls to firmsitlv higher costs. Accordingly, this report analyzs a first step,
the potential costs of a moderate national capteatk policy that seeks to stabilize emissionbaidvel seen in the
year 2000. The objective is to inform the debdteua alternative policy options and how these mighexpected to

impact the types and relative impacts that couletgerienced both at the national and regionall leve

Policy simulations in this report indicate that theel of offsets allowed, the method of allocatpermits,
and the energy-intensity of states all have sigaift impact on the macroeconomic impacts. Realdts
indicate, however, that the impacts of a modera#&@olicy on the United States would be minimal and
exhibit the following broad characteristics:

Slight declines in the growth rates of nationalsgrdomestic product (GDP) and states’ gross statiupts

(GSP) over the next 15 years—generally on the asflene to two one-hundredths of a percent per.year
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Demands for electricity and oil fall modestly (natkigas use rises), while energy prices increagbtbl.

While impacts on manufacturing and electricity gatien vary moderately across individual statea as
function of states’ energy efficiency and carbaemsities, variation in the effects on states’ ledadd
consumption (which have the same overall magniaghe GSP impacts) depend fundamentally on how the

policy is designed and implemented.

Table ES-1 summarizes these results using theasgirovided in other analyses of climate-changéatibn
policies; these results are discussed in detadvineAllowance prices, which reflect costs assodatith reducing
emissions, range from $4 to $8 per metric ton abea dioxide equivalent, or MTG®, when the policy scenario first
takes effect in 2010. After another 10 years, thgsmes are between $7 to $14 per MTEQAdjustments in the
economy associated with investing to improve eneffjgiency, switching among fuels, and loweringegy

consumption lead to minimal declines in GDP by 2888 similarly slight declines in household constiomp

Table ES-1. Summary Results

Free Offsets Market Offsets
Macroeconomic Variable 201C 202( 201C 202C
Allowance Price ($/MTCO2¢) $4.3 $7.0 $8.4  $13.6
GDP (%) -0.01% -0.12% -0.04% -0.24%
Household Consumption ($ $20 -$49 $20 -$113

The analytic techniques used to estimate theseypeffects are based on a long history of evalgatie
impacts of climate-change mitigation policies ustognputable general equilibrium (CGE) models. Bgnbaing
economic theory with empirical data, CGE modelsehidne unique ability to estimate how the effectpalfcies with
no historical precedents will ripple through anmmmy and influence all interactions among businessel
consumers. The Kyoto Protocol has been extensamdyyzed through these methods—see, for examplgakYand
Hill (1999), which compares results for this politgm a group of models. Several CGE models hase laéen used
to investigate th€limate Stewardship A¢see Paltsev et al. [2003] and Smith et al. [2@D®R] more recently the

Climate Security Act{see EPA [2008]).

This report follows methodologies similar to prawsgpolicy analyses and employs the RTI Internationa
Applied Dynamic Analysis of the Global EconoAiPAGE) model to examine the general insights gwath economic
models can provide and more specifically how a rsbdational climate-change mitigation policy sudigim affect
the U.S. economy and the economies of individwskstwithin the country. The model’s structure,chitis based on
other CGE models designed to investigate suchipseliallows it to estimate a price for emissionevednces that will
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encourage the energy-efficiency improvements, shiffuel mix, and reductions in energy consumptieaded to
meet a particular emissions target. The resulth@nges in energy markets can then be analyzea those they have
influenced the behaviors of firms and householffected energy prices and demands, and alteredo@e@nomic
variables such as gross state product (GSP), daresstic product (GDP), employment, and househaloissumption

spending.

Along with the capability to explore these econosfiects at a state level, the ADAGE model has umiq
abilities to integrate and evaluate a mix of primris included in several of the recent policy pregds that have not
been considered in previous analyses. For examloleg with carbon-dioxide emissions (g§Q0mainly from energy
consumption, many of the proposed climate-changigamion policies cover five additional types ofmr€0, GHG
emissions. Modeling research has shown that takiege gases into account can substantially lowenated policy
costs because they provide low-cost opportunibeeduce GHG emissions (see, for example, EPA{Rand
[2008], Energy Journa[2006], Reilly et al. [2003], Babiker et al. [2002lyman et al. [2003], and Paltsev et al.
[2003]). In addition to including these emissioaduction opportunities, the ADAGE model can harnuticy

exemptions like those proposed for small businesgg&ulture, and households.

Based on previous CGE investigations, variouscgqirovisions suggested by bills proposed in th@"11
Congress by Senator’s Bingaman, Specter, Kerryw8n@/arner, Lieberman, McCain, Sanders, Boxer,dtein,
Carper, Alexander and Congressmen Olver, Gilchy#atsman, and policy suggestions from the US Clirdatiéon

Partnership specific policy assumptions incorporated in #miglysis include the following:

A target for U.S. GHG emissions is establishedeatr Y000 emissions levels, beginning in 2010.
The emissions target covers £ahd the five most important types of non-G&HGs

A nationwide cap-and-trade system (with some examgtfor households, agriculture and small
businesses. This system gives affected enthizgption to reduce their emissions, purchase athoes
giving them the right to emit GHGs, or sell allowas if they have low-cost opportunities to reduce
emissions below the number of allowances they vecender the policy scenario

Several “flexibility mechanisms” are also incorp@, notably flexibility to overcomply and save (or
“bank”) allowances for use in the future and th#igtto acquire allowance “offsets” equivalent 16
percent of the target through emissions reductinade by sources outside the trading system.

! United States Climate Action Partnership (USCAR) group of businesses and leading environmengahizations (including the Pew Center on
Global Climate Change) that have come togetheali®a the federal government to quickly enactregroational legislation to require significant
reductions of greenhouse gas emissions.
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Economic impacts associated with these policy aptions will be influenced by the availability andst of
allowance offsets generated by emissions reductiatside the cap-and-trade system (such as thoserfoncovered
entities, international GHG markets, and sequestratThis report follows previous analyses andradses the issue

by establishing lower and upper bounds on modeltethat depend on offset assumptions:

“Free Offsets”—In this case, the full 15 percent of allowancesef$ allowed by the policy are assumed
to be available at no cost. This is a lower-boynmgraximation that represents what might occur if
significant quantities of low-cost sequestratiotians are available or if purchases of allowanees e
made from international GHG markets at very love@si (possibly from international avoided
deforestation/sequestration opportunities).

“Market Offsets” —In this restrictive case, offsets are assumedity loe available from emissions
reductions made by noncovered entities within thédd States at a market cost estimated within the

model (and no offsets are generated from carbounesti@tion).

Based on these policy assumptions, and its underlyata and theoretical structure, the ADAGE model
estimates national allowance prices for each afeéli@o cases (shown in Table ES-1 above). Thesespréflect costs
to the economy of abating emissions as necessamgéb a modest policy targewhich in the case evaluated here
requires emissions reductions on the order of Zbtpercent from baseline (or business as usuéBaid”) levels by
the year 2025. Specific allowance prices withirsthewo cases will depend on the evolution of offsavailability and
cost. Inclusion in ADAGE of low-cost emissions retlans from non-C@QGHGs and noncovered entities keeps these

allowance prices around 15 to 20 percent below s/tiery would be if the model did not consider soptions.

Establishing these allowance prices encouragesdssts and households to consider the effectgiofcttioices
on GHG emissions, which leads to adjustments irettmmomy as people invest to improve energy effyeswitch
among fuels, lower energy consumption, and oth@wesluce GHGs. Accordingly, energy markets, whieheen
essential component of the economy but repressmizédl fraction of overall GDP, experience the |atgedjustments
under the climate-change mitigation policy. Colaé mmost carbon-intensive fuel, experiences theekirgopnsumption

reduction, while natural gas consumption increésesuse people switch to this lower-carbon energyce.

Impacts on U.S. GDP associated with policy simataianalyzed in this report are minimal. In theemce of a
climate-change mitigation policy, the average atined GDP growth rate between 2005 and 2020 is @rpeo be 2.85

percent per year. In the “Free Offsets” policy cadlsis growth rate is 2.84 percent per year, andhe “Market Offsets”

2 The reduction objective evaluated here is nonitéel to suggest a recommended level for policydther is used for illustrative purposes only.
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case, it is 2.83 percent. On an annual basis, 10 Ze first year of the moderate policy analyzére is essentially no
change in GDP. By 2020, the improvements in eneffigiency, decreases in energy consumption, cteimgiuel mix,
and changes in energy prices associated with redenissions lead to a slight decline in the grosft@DP—on the

order of 0.12 to 0.24 percent.

Similarly, distinguishing impacts of the policy bousehold consumption is difficult in terms of theerage
growth rate between 2005 and 2020; the effectsuamend one to two one-hundredths of 1 percentofitig a slight
initial rise in 2010, aggregate household consunmpdieclines by around a tenth of a percent in 2080 the policy
has been in effect for 10 years, which is equiviaie$50 to $110 per household. Across the U.Sn@ayy, growth in
employment under the two policy cases is around fie2cent a year on an annualized basis between&02020,

compared with 1.23 percent growth expected in thdehbaseline.

Impacts of the climate-change mitigation policyindividual states within the nation depend on detgrof

factors considered by the model. Among the mosbittamt of these are each state’s initial energysamption, the mix
of products it manufactures, how its electricitgenerated, and the number (or endowment) of alloes it receives
under the policy. States using relatively littleeagy in their manufacturing industries will neednake fewer economic
adjustments to reduce emissions than more enetggsive states. Also, because many of these adjussrare expected
to occur in the electric-utility industry, the geaton technology and fuel mix currently used widlve an impact on how
states adjust to the policy. Finally, the distribotof allowances across states, while not sigaiftly affecting overall
production, can have important implications for $®iold income and consumption (this report assumibe two main
policy simulations that allowances are distribudedoss states according to historical emissiomisaryear 2000; findings

are also presented for an alternative distribusicimeme).

Figure ES.1 compares expected rates of growth iA f86the 28 states listed down the side of thelyra
Average annualized growth in the model’s baseligisvben the years 2005 and 2020 are shown in blatk@mpared
to the two alternative offset cases shown in bhetred. As with the national-level results, relatwsmall
macroeconomic effects are predicted. However, exdnthe most restrictive assumptions about thélalvidity and
cost of offsets, by 2020 after the policy has bieesffect for 10 years, no states have declings$#® of more than

approximately 0.3 percent from their expected biasdévels.
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States with high energy consumption per dollar 8PGor those engaged in energy production, are more
likely to experience adjustments in production\attithat are larger than the U.S. average. Th@aocbecause such
states have both a greater capacity and a stramggtive to modify their energy consumption inp@sse to the
climate-change mitigation policy. The trends in ésgment growth generally follow these changes iodoiction,
although they also depend on the mix of productdama a particular state. By 2020, in the “Frees@f$” policy case,
employment impacts range from a decline of one-tialf percent in North Dakota to a slight increasMontana. In
the “Market Offsets” case, impacts go from a hi§li percent in North Dakota to a low of around fowee-hundredths

of a percent in states such as California, Floréa, Hawaii because of the product mixes in theges

Figure ES.1
Impacts on Annualized GSP Growth Rates between 20@hd 2020
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@ Market Offsets B Free Offsets® BaU

Impacts of the policy scenario on household congiompvithin each state, however, may not be tiddlgdo
changes in employment. Divergences may occur beaaute possibility that allocations of allowantestates can
significantly redistribute income across the counftllowance allocation can thus potentially bedise offset or
equalize policy impacts on U.S. citizens. For exinassuming that an allowance is worth $7 per MJ&C@e total

value of allowances available under the policy widut around $40 billion. Although the distributiofithese
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allowances will not have significant impacts faatets’ production activities, it does have importamtlications for
household income and thus household consumptioa.pOssible approach is to base allocations onsstaitgorical
emissions, which may compensate states experietaniger than average changes for these economistaggnts
through receiving additional allowances. Anotheprach might be to distribute allowances basedapulation.

Such options need to be evaluated.
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Introduction

Human-generated contributors to increasing atmosigh@HG concentrations arise from a wide range of
economic activitiesAmong these emission sources are carbon dioxi@g)(fom energy production and land-use
change; methane (GHfrom fuel production, landfills, and agriculturg@frous oxide (NO) from agricultural and
industrial activities, as well as fuel combustiangd perfluorocarbons (PFCs), hydrofluorocarbons@s)Fand sulfur
hexafluoride (Sk) from a variety of industrial processes. Thergrwing scientific consensus that these emissions,
and the resulting rise in atmospheric GHG levedsehdirectly contributed to recent years being agrtbe hottest on
record. This warming appears already to be cauliagnatic changes in local environments, includigmelting of
ice masses at the poles, the thawing of permafiostrthern latitudes, and the degradation of ceaf systems.
Projections from climate models also indicate thathe absence of changes in anthropogenic emssiends, the
current global warming will continue worsening otlee next century (see Smith [2004] for a discussibhow these

changes in climate may affect different regions amdronments in the United States).

In response to these potential environmental ingpaalicies have been, and continue to be develdped
curb the growth in GHG emissions. European nativesalready engaged in reducing emissions thrdugktiropean
Union Emissions Trading System (EU-ETS) as a peetodmplementation of the Kyoto Protocol in papating
Annex | countries. Within the United States, peagiléhe national level and a large number of statklocal
governmentsare interested in developing domestic policieaddress GHG emissions. At the national level, &tar
of bills have been proposed, with alternative eletsécluding incentives for carbon capture andage, renewable
energy, automobile standards and even reengagexnting international level. A consistent elementiost of these
proposals however, is the inclusion of cap-andemsykstem that allows the transfer of permits framg with low cost
of GHG controls to firms with higher costs. Acciogly, this report analyzes as a first step, thteptial costs of a
moderate national cap-and-trade policy that seeksabilize emissions at the level seen in the 2880. The
objective is to inform the debate about on typas magnitude of impacts that could be expected aAbthe national

and regional level.

The objective of this report is to illustrate igisis into alternative policy options and the patdnitpact
nationally and explicitly at the state level asateil with a modest GHG control policy. Differeade the structure of

the economy across the United States are liketpirse these impacts to diverge from those estinfiatetde country
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as a whole. Because acceptance of a national GH& mlikely to depend on such state-level efeetn analysis
such as this report is essential to understangdtential magnitudes of these impacts, their ecandmundations, and

how a policy may be designed to address them.

The subsequent sections in this report are orgamigdollows. Section Il provides an overview dof #tey
features of the policy analyzed in this report,aiégs the computable general equilibrium (CGE) etaded in the
analysis, and discusses how the macroeconomic nsodsiders quantitative features of the illustafpolicy
considered. Section Ill presents estimated polffaces for the United States as a whole and focifipestates, and
Section IV summaries the main findings. Finally,p&pdix A offers results of sensitivity analysest thave been
conducted on various modeling assumptions, and AgipeB gives more information about the macroecoicom

model.
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I. Modeling of the Climate-Change Mitigation Polic vy

This section discusses features of the nationatypsktenario used in this report to provide anaigt context

information on the ADAGE CGE model, and to deschibe the policy modeling is implemented.

A. Policy Features

A nationwide cap on GHG emissions is analyzed kiendar in approach to that successfully usecettuce
sulfur dioxide (SQ) emissions under Title IV of the Clean Air Act Antiments of 1990 (Ellerman et al., 2000). Under
this approach, affected entities can choose tocetheir emissions to meet the target, purchasevalices giving
them the right to emit GHG from other entities aggeby the policy, or sell allowances if they héwe-cost
opportunities to reduce emissions below the nurnbatlowances they receive under the program. Thysncluding
allowance trading, the policy evaluated ensuresttieprivate sector has incentives to find theteast reductions

across the economy.

The cap-and-trade system would cover the six GHiBsidered by most of the bills proposed in the 110
Congress and by many international and domestitaté negotiations (COCH;,, N,O, HFCs, PFCs, and §FAside
from specific exemptions for households and agnical all sectors of the economy would be includeder the
emissions cap. Small entities within sectors, @gfias those emitting less than 10,000 metric tb@Hi5s per year as
measured in Coequivalents (C@e), would also be exempt. However, petroleum petalintended for transportation
and manufacturing inputs leading to emissions wés# types of GHGs (HFC, PFC, andspWwould be covered at the
point where they are produced or imported. By idizlg petroleum products at the refinery level, fiedt” emissions
(sometimes referred to as upstream emissions) frensonal transportation (and other forms of trartggion) would
be covered under the policy scenario examined hBeezause emissions from transportation fuels wesponsible for
around 31% of U.S. C{emissions in 2000 (U.S. EPA, 2005) and their sisaexpected to grow over time, this
approach greatly enhances the coverage of an emgssap. Similarly, “indirect” emissions associatéth the
electricity consumed by noncovered entities areepad because emissions from this electricity gdiveravill be

captured at the electric-utility level.

After considering exemptions for households, adtira, and small entities, it is assumed that atd8®

percent of U.S. GHG emissions would be includethincap-and-trade system established by the pditogse
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covered emissions would be capped at year 20006s|éyveginning in 2010. Allowances enabling entiteemit GHGs
up to the level of the cap are considered in thdehto be fully auctioned (and the revenue recytiethe economy in
lumpsum). In reality it is more likely that somiéaances would be auctioned and some given away, o
“grandfathered,” to incumbents or entities takiagly action. In the Regional Greenhouse Gas thiga- RGGI, for
example, a minimum 25% of allowances must be anetl for public benefit purposes that could incladsisting
affected workers and communities or providing aftdrle residential energy-efficient improvementsi ekamination

of these uses of auction revenue and potentialfilgn@gowever, are beyond the scope of the cureéntt.

A variety of “flexibility mechanisms” are incorpded into the analyzed scenario to enhance its eomno
efficiency. One of the most important is the flekilp to trade allowances to take advantage ofdheapest reduction
opportunities across sectors of the economy. Padyses of GHG policies have demonstrated thatredipg coverage
of a trading system can significantly reduce co$tfieeting emissions targets (see, for example,amegnd Hill
[1999]). Similarly, ongoing modeling efforts beingnducted by participants in the Stanford Energyltdimg Forum
show that allowing trading across types of GHG®aathan restricting consideration to £&bone, provides
additional cost-effective reduction opportunitised, for example, Hyman et al. [2003] and the $péssue of the
Energy Journal2006) on multigas abatement). The flexibilityoiercomply and bank allowances for future use, and
the ability to acquire up to 15 percent of totajuieed allowances from sources outside the tragiystem: noncovered
entities, international GHG markets (i.e., devetbpations participating in the Kyoto Protocol), asstjuestration of

carbon in agricultural soils and forests is alsguded in the scenario evaluated.

B. The ADAGE Model

ADAGE is a dynamic CGE model capable of investigpéffects of both international and U.S. domestic
GHG policies (see Appendix B for additional infotioa). To estimate policy effects, the ADAGE model conds a
consistent theoretical structure with observed eooa and energy data covering all interactions agrousinesses and
households. Households are forward looking and ¢hnsadjust their behavior today in response taréupolicy
announcements. Decisions by households regardingathsumption of goods and the amount of laboupply to
businesses are made to maximize their overall weeHastimates of labor-supply responses are taken tihe
literature to determine how employment may be &d@dy policies (see Ross [2005]). Firms are assumenaximize

profits subject to their manufacturing technolodi@srrent and future). Equations and parameteADAGE

White Paper — Pew Center on Global Climate Change 4



influencing how firms and households react to pesice.g., feasible energy-efficiency improvementd fuel
switching) are derived from existing CGE literatunetably, Babiker et al. (2001)—the Massachudatitute of
Technology’s Emissions Prediction and Policy Analy&PPA) model—and Balistreri and Rutherford (2004is
model structure, along with baseline projectionsmdrgy consumption and assumptions regarding agiergrowth

and capital formation, will determine estimatedtab@nt costs for COemissions.

An important feature of ADAGE for this analysispag) with covering C@emissions from fossil-fuel
consumptiortis its inclusion of the five types of non-GGHG emissions (CH N,O, HFCs, PFCs, and §FEUnlike
CO,, these gases are not emitted in fixed proportiorenergy consumption, making the modeling of abat# costs
more problematic. Rather than relying on abateroestt functions that are external to the model, tand ignoring
interactions among economic sectors, costs of ingubhese five GHGs have been endogenized in tldemesing an
innovative approach developed by Hyman et al. (20@&ctor- and gas-specific abatement costs arévalsed on

findings presented in this paper.

The version of the ADAGE model used in this analysicomposed of two modulednternational’ and “US
Regional’ Each module relies on different data sourceslasla different geographic scope, but both hawsdme
theoretical structure. The internally consistemiegrated framework connecting ADAGE’s moduleswafidheUS
Regionalcomponent to use relevant policy findings fromliiternationalcomponent and ensure that broad
international effects of policies are consideredtates, while avoiding computational issues thatlpde solving for
all U.S. states and world nations simultaneouslithiWthe US Regionamodule, states are combined using a flexible
regional-aggregation scheme that allows an indafidtate of focus to be designated and modeletivel® other
multi-state regions. Five primary regions (groups&ighboring states) and an individual state (nedias a distinct
sixth region) are included in each policy simulatiBy running this scheme through all states adriest, findings can

be obtained for multiple states in a computatignaictable, yet flexible and consistent, marther.

A variety of economic and energy data sources sed to develop a balanced database for the ADAG#emo
that reflects all flows of commaodities and produetinputs in the economy. International economia ¢ame from the
Global Trade Analysis Project (GTAP, Version 6 Jlaéad U.S. state-level economic data are fromMimesota
IMPLAN Group. This information is combined with dabn energy production, consumption, trade, armkprirom

the International Energy Agency (IEA) and the LESergy Information Administration (EIA). BaU foresta for
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energy production, consumption, prices, and €@issions come from IEA¥/orld Energy Outlook 200dnd EIA’s
Annual Energy Outlook 200#istorical and forecast emissions of non,G&HGs are from the Stanford Energy
Model Forum (EMFY. These data are used to establish an initial mgesal of 2005 and subsequent baseline

projections (in 5-year intervals) for the regiomslandustries shown in Table 1.

Table 1. Regions and Industries in ADAGE

International Regions U.S. Regions Industries
United States Northeast Energy
Canada South Coal
Europé Midwest Crude Oil
Japan Plains Electricity: multiple tyges
Russia West Natural Gas
China Individual Stafe Refined Petroleum
Rest of World Non-Energy
Agriculture

Energy-Intensive Manufacturing
Other Manufacturing

Services

Transportation

2The European region includes the EU-15, the Ewaop&ee Trade Area, and countries in Eastern Eutagenave ratified the Kyoto Protocol.

b For simulation purposes, an individual state isleded as a distinct sixth region that is run corentty with the five multi-state regions.

¢ Types of electricity generation vary slightly beew thenternationalandUS Regionamodules, depending on data availability.

Several nations including the United States areaigatiseparately, and others such as European msuate
combined into broader regions. Within the Unitedt&s in théJS Regionamodule, five areas of the country are
defined along state boundaries to capture impodiierences in regional electricity-generationheclogies, and, as
indicated above, individual states are modeledrsgglst in each simulation. The same industrial @scare defined in
both thelnternationalandUS Regionamodules to maintain consistency when applyinglte$or one model to the
other. The industries selected focus on energyymtamh, which will be affected by climate-changdigation policies
through their direct emissions of g@nd non-CQ GHGs and their indirect emissions of £fhen the fossil-fuel
products are consumed. Agriculture is kept sepdmatause it is an important source of nonGBIG emissions.
Energy-intensive manufacturing industries (e.gemnoleals and paper) are distinguished from othezsyqf
manufacturing processes, as are transportatioicsesrthat rely heavily on fossil fuels. Other intligs less dependent

on fossil fuels are aggregated together.

White Paper — Pew Center on Global Climate Change 6



ThelInternationalmodule is solved first using relevant global GH@iges. Findings from this module are
used to provide information on world crude-oil armbled-goods prices to thiS Regionamodule, which can then be
used to estimate reactions in different parts efllinited States that are consistent with the iaténal policy (see
Balistreri and Rutherford [2004] for a discussidritas modeling technique and its application iclienate-policy
context). To ensure that economic reactions detexdnby thenternationalmodule are comparable, and thus

translatable, to those in théS Regionamodule, estimated allowance prices are companegaecnodules.

C. Policy Modeling

This discussion summarizes how key policy assungptiave been modeled in this analylishould be noted
that, while many unique features are suggestedéh policy proposal that has been put forwardnibgrity have
contained a provision to cap emissions and tradmifebetween firms and as such is the focus ohttaysis. This

report follows methodologies similar to those aédpin other, related analyses:

Trading System—The policy is modeled as an efficiently conduataeg@-and-trade system covering
emissions of six types of GHGs (GHN,O, HFCs, PFCs, and §FTrading of allowances is permitted
between gases, industries, and U.S. states, amtisagehe model with flexibility to pursue the nasst-
effective emission reduction opportunities. Bankifigilowances for use in future years is alsovedid,
beginning in the year 2010 (i.e., businesses witird¢ost reduction options can undertake additiactibns to

reduce emissions below their allotment today ane sdélowances for the future).

Excluded Entities and Sectors-Emissions from households and agriculture arénudtded under the cap,
although they may enter the trading system as alhow offsets if they provide cost-effective emissio
reductions (up to the 15 percent limit on allowanfrem outside the system). g@missions from household
and agriculture use of transportation fuels, howeare included in the system because they arered\a the
refinery level. Emissions from all entities in thervices sector of the economy (other than emisgiom
transportation fuels) are excluded, based on thenagtion that many of these businesses will be ubd®00
metric-tons (the cut off imposed in this analysig)s in similar analyses, this small-business @sion is not
applied to the manufacturing sector of the econdMpyile these assumptions have been adopted in other
analyses, to the extent that some entities emierntt@an 10,000 metric tons, the estimated policyarapits

coverage will be too low.

Emissions Cap—Within the United States, emissions of the sixetypf GHGs amounted to around 6,950
million metric tons of carbon dioxide equivalentfMCO.€) in the year 2000. Based on these year 2000
emissions, and after considering the policy’s esicns for some sectors of the economy, the naticagalon
emissions for covered entities is estimated atbMMTCO.e. This estimate is derived from information in
thelnventory of U.S. Greenhouse Gas Emissions and 8ih&. EPA, 2005) regarding U.S. historical
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emissions in the year 2000 and additional inforarafrom EIA. This cap, which includes 81 percenalbf
GHG emissions in that year (see Appendix A), islieddeginning in the year 2010 and continues in

perpetuity.

Allowance Distribution and Use—Allowances are initially assumed to be distributedtates based on
historical emissions in the year 2000. In policgrgarios, government spending is held constant in a
nondistortionary fashion using lump-sum transfessueen agents in the modéThese assumptions regarding
allowance distribution and revenue use ignore angrgial economic benefits associated with auatigni
allowances and directing the revenues towards ipesies such as lowering taxes (known as “double

dividends” if the benefits outweigh policy cost$).

Subnational GHG Policies—The analysis assumes that states have not imptethany local or regional
GHG policies. The EIA BAU forecasts on which the AGE model is based include only legislation enacted
into law at the point the forecasts are generatesvever, efforts in many states to enact policiesitel

reduce GHG emissions in the absence of actioreatational level (see Pew Center [2004]). As these
actions proceed, they would reduce the economéctffof a national policy by lowering the amount of

emissions reductions necessary to meet a partiarget.

International GHG Policies—It is also assumed that countries that have rdtifie Kyoto Protocol will
proceed with this agreement. Kyoto emissions targeitially applied in the model in 2010, are assd to
continue unchanged beyond 2012 (and no new cosrriter the agreement). Trading of allowanceseiyr
allowed among all Kyoto participants, and no resitshs are placed on countries’ ability to meetssians
targets through trading versus through reducti@esmplished by domestic actions. However, it isiassd
that countries are unwilling to pay Russia for amgess allowances they have as the result of @sdlim
energy consumption because targets were establistsedi on 1990 emissions (i.e., Russian “hot &ir”).
Thus, only real emissions reductions in Russiar(@asured against BaU forecasts from IEA) are assume

be eligible to create allowances that can be sotithier nations?

Economic impacts associated with these policy apsions will be influenced by the availability andst of
allowance offsets generated by emissions reductiatside the cap-and-trade system. This repodvdlprevious
analyses and addresses these uncertainties byigstablower and upper bounds on estimated pdaditgcts that

depend on alternative assumptions about offsets:

“Free Offsets” Scenario—In this lower-bound case, the full 15 percentlfwance offsets allowed by
the policy are assumed to be available at no thistié done in the model by relaxing the emissicens

by 15 percent to around 6,494 MMT@). No additional offsets can be generated indage from
noncovered entities because the maximum quantityfeéts allowed by the scenario is reached. Aesdhot
in Paltsev et al. (2003), sequestration alone, wigipg on how net sequestration is calculated, could

supply 15 percent of the emissions cap for thigcgalt no cost. Alternatively, offsets might be datle
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from international GHG markets at essentially nstébsignificant quantities of Russian “hot airea
allowed (i.e., extra Kyoto credits available fromsRia because their economy currently consumes fewe

fossil fuels than when their Kyoto Protocol emissidarget was established).

“Market Offsets” Scenario—In this upper bound on estimated policy effectisats are only assumed
to be available from emissions reductions madedmncavered entities located in the United Statesa—at
market cost estimated within the model. For somesyof emissions (e.g.,® from fuel combustion in
motor vehicles), based on available data, it ismesl that there are no cost-effective reductidnss,t

this case is relatively conservative regardingatmunt of offsets obtainable. The case also does no
allow for sequestration in agriculture/forest saitdimber stocks; consequently, to the extent that
sequestration can occur for a low (or negative},¢be model will overestimate allowance prices,

understate offset supply and overstate associaéedomconomic effects.

Beyond the standard modeling assumptions discusseek, several detailed issues related to thisaype
climate-change mitigation policy do not lend thelmsg to quantitative analysis using a CGE modelaneddiscussed
below. In these instances, their exclusion wilidtiém make the report’s findings more conservatiket is, resulting in
higher projected policy costs, than if such issunese included (i.e., if they could be evaluatedinested allowance

prices and related macroeconomic effects wouldhe):

Although beyond the current scope, other work vatuated the economic benefits to the United Stattes
reducing climate change (see Jorgenson et al. [pA@4lusion of benefits from avoiding climate dages
along with the mitigation costs would allow a memmplete picture of the net costs to the econontyabain
is beyond the scope of this effort. Similarly, simeration of the health benefits associated withdaiction in
criteria pollutants that result from reduced bugnaf fossil fuels is not considered in this stioly could be

expected to lower costs, because these pollutaitsovneed to be addressed by other policies.

The modeling does not specifically consider posdmifects of “induced technological change” (ITC)—
improvements in technology brought about throughgtesence of a climate policy encouraging addition
research on cost-effective emissions reductionss{mnilarly, possible improvements from any desigda
climate research funds). Goulder (2004) has exadrtime implications of ITC and finds that its presegan
lower the costs of achieving emissions reductignstimulating additional technological change. Hoer
because the ADAGE model already allows signifiteanhnology and energy-efficiency improvements to
occur over time, this analysis does not include adhditional ITC, beyond improvements implied by the

overall model structure.

The approach used to include abatement costs fe0@ GHG rules out the possibility of “no regrets”
reduction options—where engineering studies shatemissions reductions (e.g., capturing methane
emissions from coal mines) could be done today waitt savings. However, while these cost-savitigras

are not observed to be currently taking place aadat included in the model, the included abatdrest
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curves (generally from Hyman et al. [2003]) doowadla significant portion of potential emissionsuetions

to occur at relatively low cost.

The model includes some types of advanced elegtgeneration technologies such as integratedigasdn
combined cycle electricity generation (IGCC) witirleon capture and storage. However, for allowanicep
similar to those estimated for this policy, sucthteologies do not become cost-effective, compariéu more
traditional generation approaches. However, théyiikely become important for policies with more

stringent emissions targets over the longer term.

As a general note, CGE models typically assume éxaept for distortions caused by taxes, the ergyrie
operating efficiently prior to instituting new poies. This assumption implies that, by definitiamew policy
will impose costs on the economy because the patisyes it away from an efficient path. To the ektbat
is incorrect, either because of inefficienciesha economy or factors such as ITC, costs may be
overestimated.
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[ll. Economic Implications of the Climate-Change M itigation Policy

The ADAGE CGE model uses its combination of ecantimabry and data on production technologies and
emissions abatement costs to evaluate how feabditbg policies described above may influence GHi&&ons and
the structure of the U.S. econorfjndings discussed in this section encompass ogectf businesses and households
in U.S. states to the domestic climate-change atitig policy that is the focus of this report, vehilonsidering the

international context in which these policies arstituted?

A. U.S. National Results

As a whole, model simulations indicate that the Gbt@cy is likely to have minimal impacts on ecofmm
activity in the United State¥he national allowance prices estimated by ADAGEge from $4 to $8 per MTG8®in
2010, rising to between $7 to $14 per MTZ®y 2020. Imposition of these allowance pricesctveflect costs to
the economy of abating emissions to meet the ptdiyet, encourages businesses and householdststéps to

reduce their GHG emissions. These adjustments thaviollowing broad implications for the U.S. ecomg

GDP—Growth in GDP, which in the absence of the polggxpected to average 2.85 percent a year over the

next 15 years, is between 2.83 and 2.84 percesarawith the GHG policy.

Household Consumption—Growth under the policy over the 2005 to 2020 tpeeiod declines by around

one to two one-hundredths of 1 percent a year.

Employment—Growth under the policy is around 1.22 percen¢aryn an annualized basis between 2005

and 2020, compared to 1.23 percent growth expéctde model baseline.

The most direct economic impacts of a climate-cleangigation policy are generally experienced iergyy
markets. Although energy markets are a vital corepbof the U.S. economy, they represent a smaitksbfeoverall
production, which tends to limit the macroeconoimipacts of the GHG policy on GDP. Given the staddaGE
modeling assumption that the economy was operafiiigjently prior to a new policy being instituteagjustments in
energy markets lead to some declines in econontiiitgias production technologies and consumptiatigyns are
altered. Table 2 summarizes these effects fortbeoffset scenarios, focusing on macroeconomiceffeeported in

similar analyses (GDP, household consumption, amal@&yment).

When the policy scenario first takes effect in 20th@re are some very slight declines in GDP—betvare

and three one-hundredths of a percent—as the egohegins adjusting to lower-emissions methods oflpction and
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new consumption patterns. These are accompanidédiyes in the demand for labor by businesses@tder of
one- to two-tenths of 1 percent. An initial increas household consumption, driven by modificationpeople’s
expectations that lead them to consume more ilyitgadd less in the future, helps alleviate any dases in GDP. By
2020, after the policy has been in force for 10rgetihere have been additional adaptations ascthoeny continues
to grow, but emissions remain at the target (alhgwfor banking of allowances). Although the changeSDP have
increased by this time, the overall impact on @& nomic growth is to change it from an expectestaye rate of
2.846 percent a year between 2005 and 2020 te doestveen 2.830 and 2.837 percent a year for tregkét” and
“Free” offsets cases, respectivélJhe annualized average growth rate in employmeet this time period changes
from 1.23 percent a year in the absence of a GHBypiw 1.22 percent a year under the policy. Hode
consumption declines somewhat by 2020 in respanieetlabor-market changes and increased pricesefy and

other goods.

Table 2. Macroeconomic Results Across the United &es

Free Offsets Market Offsets
Macroeconomic Variable 201( 202( 201( 202(
Allowance Price ($/MTCO2¢) $4.3 $7.0 $8.4  $13.6
GDP (%) -0.01% -0.12% -0.04% -0.24%
Employment Change (1000§) -110 -168 -232 -334
Employment Change (%) -0.09% -0.12% -0.18% 23%
Household Consumption ($ $20 -$49 $20 -$113

One of the most significant determinants of thégects on the U.S. economy is the level of the siniss
target compared to expected emissions in the absefrae GHG policy. If business-as-usual, or BaUissians are
expected to growing rapidly, meeting the emissitags requires more improvements in energy efficiesogtching
out of carbon-intensive fuels, and reductions iaralt energy consumption than if BaU emissionsexygected to grow
slowly. Figure 1 shows the BaU emissions projestimnADAGE, which are based on EIA forecasts for,@8d EMF
forecast for non-C@gases. In thAEO 2004 EIA projects CQ emissions growth of more than 1.5 percent per year
between 2005 and 2025, leading to an overall gramvétl GHG emissions in ADAGE of around 1.4 pericper year
after including non-C@GHGs. This is in contrast to historical GHG enussi growth in the United States of around

1 percent per year between 1980 and 2002 (EBhhual Energy Review 20D3 he assumption of relatively rapid

® The decimal place in these numbers is not useddgest a high level of precision, but ratherltssitate any minimal impacts.
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growth in emissions has implications for the mosleltimated allowance prices and associated efféthe climate-

change mitigation policy.

From this baseline projection, emissions are redilogebetween 16 and 25 percent by 2025 to megidliey
target (depending on how many offsets are availabteeconomic). As shown in the “Free” and “Markeffsets
scenarios, emissions decline in 2010 to meet tigetand also as businesses take advantage oéftestive
reductions to bank allowances for the future. Sqbeatly, emissions grow slightly as the resultrafeases from

noncovered entities and as businesses use allowaaved in earlier years.

Figure 1

Total U.S. Greenhouse Gas Emissions
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The price of an allowance will reflect the costdhie economy of abating emissions as necessargét time
policy target. In the absence of banking, this@mould equal the marginal cost of removing thé tiais of emissions
required to meet an emissions cap. Banking willltenincrease allowance prices in the initial yesmpeople
overcomply to save allowances for use in later yeldowever, looking across all years, banking witluce costs of a

policy by allowing the most cost-effective reducsao be made at the most cost-effective time.
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Figure 2 shows allowance prices associated witlGHE& policy scenario over tiné The exact point of
prices within this range will depend on the avallgband cost of offsets, with “Free” offsets piding a lower bound
and “Market” offsets an upper bound on allowandegs*” Initial prices range from $4 to $8 per MMTG®and
increase thereafter as the result of emissionstgrand allowance banking (banking of allowancesatimes prices
over time, but it increases initial allowance psies additional, early reductions are made). Tdhmse figures in
context, based on carbon content, this would bghiyuequivalent to between 3.8 and 7.3 cents pwrgaf gasoline
in 2010. At the allowance prices in the “Market €&ffs” case, between 146 and 183 MMTEOf emissions
reductions from noncovered entities in the Unitéatés are cost-effective. Consideration of thesmog by the
ADAGE model lowers allowance prices by approximateh percent versus a scenario in which no offastsallowed.
Were non-CQ@emissions excluded from a GHG policy, and,@issions of all sectors were capped at year 2000

levels (or 5,858 MMTCG), the allowance price would be by around 20 pdrbayher than in these simulations.

Figure 2

U.S. Allowance Prices
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Establishing an allowance price encourages bustsesnsd households to consider the effects of Hutions

on GHG emissions. This leads to adjustments irrtomomy as energy consumption decreases, peojitd smio
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fuels such as natural gas that have a lower cazbotent, and investments are undertaken to impeoeegy efficiency
and otherwise reduce GHGs. Figures 3 and 4 sh@naictions between energy prices and demands, cethpaross
types of energy. Units are expressed in Britishriffa¢ Units (Btu) or millions of Btus (MMBTU), wherenergy prices

represent an average across all groups of consurasesi on historical data aA&O 2004forecasts.

Box 1. An important note about the impact of recenenergy price increases

The historical state-level data and IEA/EIA fordsasvailable at the time of the ADAGE model devebept do not fully
reflect recent 2006 price developments in the méfyas and petroleum markets. In EIABnual Energy Outlook 2006or
example, natural-gas prices are 10 to 35 percghehithan those used in this analysis. Howevet,pgrizes are also around
20 percent higher, as are petroleum prices. Thigbeihprice forecasts reduce energy demands, iggittbaseline C®
emissions that are around 7 percent lower tharetmmz$uded in the model, which would make it eaiemeet an emissions

target and thus lower the costs of a GHG policy.

However, higher natural gas prices also encourage eoal consumption, especially by electric ugifit which would make it
harder to lower overall emissions in the absenagewf technology. In addition, the current emphasignergy security and
government investment in clean coal technology alay serve to promote the use of coal in compatisather fuels, and as
a result coal consumption could increase. SeeRedlty and Paltsev (2005) for an evaluation of Hagher energy prices

may have affected model estimates for allowanageprin the EU-ETS.

According to this modeling, the modest policy cadesed here would not be sufficient on its own tggeer large investments
in advance coal technology. However, anticipatibtighter GHG constraints outside the scope ofrtioelel in the future

could drive firms to invest in more efficient cqdhnts and ultimately capture and store,CO

Coal, which has the highest carbon content peroBanergy (the carbon content of natural gasadsired 45
percent lower than coal and oil is around 32 pdrlemer), experiences the largest price increagthémmodel —
between 50 and 100 percent by 2020. The growtleinashd as people switch out of coal and oil leadsratural gas
price increase of between 8 and 16 percent by 2B@€es for petroleum products also increase aadipiby 3 to 5
percent in 2010 and 5 to 10 percent by 282 put these increases in context, natural gagpincreased by 80
percent between 2000 and 2005, and motor gasaiicespncreased by 50 percent during the sameigmnied, yet
U.S. real GDP rose by more than 13 percent in gppiteese energy price increases and other maanoeto forces
(the average annualized growth rate in real GDP these 5 years was 2.55 percent per year). Denfandatural gas
and oil are modestly affected by the GHG policy. d@mand falls in part as consumers drive lessbasihesses
reduce consumption, while natural gas demand hgddss industries switch to this lower carbon f@anges in
demand for coal are largely controlled by reactiam®ng electric utilities (discussed below), whicmsume around

90 percent of the coal in the United States.
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Figure 3

Impacts on U.S. Energy Prices
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One of the most significant factors determining faow GHG policy will affect the U.S. economy is the
electricity-generation mix in the BaU forecast asdumptions about the ability of electric utilittesswitch fuels.
Reductions in coal consumption by utilities areayatly expected to be one of the most cost-effeatiethods for
lowering CQ emissions. Thus, although relying on coal-baserbiggion in the BaU forecast will result in high
emissions, it can also potentially provide low-a@stuction options, assuming that its major sultgtjtnatural gas, has
a low price. Figures 4 and 5 illustrate how the dedhfor coal (and other fossil fuels) has respondedhanges in coal
prices and improvements in energy efficiency attelety utilities, based on the model’s initialsasnptions about the

ease of fuel substitutions.

Figure 5 shows that by 2010 gas use has increas8dto 1,400 trillion Btu in the electricity indtry, while
coal use has fallen between 20 and 30 percenttlierBaU forecast. By 2020, gas consumption is 1t6@400
trillion Btu higher than in the absence of the Gp@icy. Along with an overall improvement in energfficiency of
utilities, coal consumption declines by 35 to 5@cgat by 2020. Box 2 below discusses these chaamyptsvaluates
how different modeling assumptions would affecsthshifts (the model’s predictions of energy-eéfiiciy

improvements are also assessed in more detailcitin8eA.2).

It is important to note that this analysis assumeasodest short-term policy which will not requingéstment
in capture and storage of @@missions from coal-generated electricity, baseduwrent data about the costs of these
options. Some firms, however, may choose to invesapture-and-storage technology in anticipatibpassible
future reductions, especially as prices of advamoed technologies decline over time. Clean caaintelogies, like
FutureGen, are currently receiving significant goweent investment, which will likely lower their gi¢éal costs in the

future.

In the absence of these types of advanced techimelagd given the current reliance of electriciperation
on fossil fuels, electricity prices tend to respamdier GHG policies in a fashion similar to otheemyy prices,
especially those for natural gas. As shown in Fedirelectricity prices rise between three- and-fanths of one
penny per kilowatt hour (kwh) in 2010 (or 4 to @nt) and between four- and eight-tenths of omap@er kWh in
2020 (or 7 to 12 percent). Electricity demand agtbe United States in 2010 falls between 2 andrégmt and 4 to

7 percent in 2020, mainly as a result of thesesgricreases.
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Figure 5

Impacts on U.S. Fossil-Fuel Demand in Electricity @neration
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Box 2. Fuel Switching

The ability of utilities to switch from coal-firegeneration to natural gas will have a significampact on adjustments required
in the rest of the economy to meet a particulaissions target. If it is easy for utilities to svhittom coal-fired to gas-fired
generation, the emissions reductions in this ingusill limit the need to lower emissions in ottegments of the economy and
hence will lead to lower overall allowance pricEsnversely, if such a switch is more difficult, ethindustries with more

costly reduction opportunities will be requiredrémluce, and estimated allowance prices will betgrea

Electricity generation can be measured by “heastabr the number of Btus of energy input requie@@roduce one kWh of
electricity. In the results presented in the maiport, BaU heat rates across all fossil-fuel geierare 9,690 Btu/kwh and
9,340 Btu/kWh in 2010 and 2020, respectively, basethe EIA forecasts used by the model. Switcliag coal to natural
gas leads to overall heat rates for the same pé& 370 Btu/kwh and 7,700 Btu/kWh in the “Free $2fs” scenario and 8,140
Btu/kWh and 6,910 Btu/kWh in the “Market Offset€emario. These changes in heat rates underliecitinds in coal
consumption and increases in gas consumption showigure 6 (Appendix A.2 discusses an analysithefadjustments
underlying these heat rate improvements and chandasl consumption).

For comparison purposes, a sensitivity case wasrafsthat lowered the ability of electric utilgi¢o switch from coal to gas
(see Appendix A.2 for discussion of the model réxg shown in the following table, by limiting thagabilities of the
electricity industry to switch from coal to gas aeduce emissions reductions, allowance pricearaend 30 percent higher
than in the “Market Offsets” scenario. Despite thigher price, and thus higher coal prices, in 2628l consumption by
utilities is 15 percent higher than in the “Mark#fsets” scenario. Natural gas consumption is adalt percent lower, and
there is a smaller improvement in heat rates. Agdsult of additional production costs, electyigitices are somewhat higher
and demand for electricity is lower.

Impacts of Assuming Less Coal-Gas Switching by El&éec Utilities

BaU Less Fuel Switching Market Offsets
Variable 201( 202( 201( 202( 201C 202(
Allowance Price ($/MTCe) -- -- $39 $64 $31 $50
GDP (%) -- -- -0.08% -0.35% -0.04% -0.24%
Electricity Fossil-Fuel Use|Coal 23.2 26.5 17.3 14.6 15.5 12.7
(Quad Btu) Natural Gas 7.0 8.9 7.4 10.2 8.4 11.3
Electricity Markets Price $0.064 $0.066 $0.072 $0.077 $0.070 $0.074
($/kWh & billion kwWh) Generation 4,380 5,141 4,121 4,71 4,182 4,806
Heat rates (Btu per kWh) 9,687 9,338 8,608 7,336 8,142 6,908

The most direct economic impacts of a climate-cleamgigation policy are generally experienced iergry
markets, illustrated by the changes in industrigpat in Figure 7. Under the assumptions discussede (such as
utilities’ ability to easily substitute away fronoal use), output of coal declines significantly@sponse to declining
demand at electric utilities, which consume aro@@gercent of coal used in the United States. tarahgas markets,
additional consumption by utilities, along with har demands in other segments of the economy, teaasincrease
in natural-gas production. Aside from transportaservices, which also rely on fossil fuels, effdatthe rest of the
economy are quite small. In revenue terms, theelrgbsolute changes are experienced by the seimbestry (equal

to $50 to $100 billion, or 0.3 to 0.6 percent) hesenof its relative size in the economy, even thatgdoes not
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consume much energy per unit of output. Revenuadtspacross manufacturing industries are largerithaervices
in percentage terms, although comparable in deires, because of their greater reliance on enéigg, under the
“Market Offsets” case, agriculture output tendslézline slightly as agricultural efforts are shiffeom traditional
production techniques to efforts that reduce non-@@issions—like reduced cultivation, in responsedmpensation

for additional reductions in non-G@missions.

Figure 7

Impacts on U.S. Output Quantities in 2020
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B. State-Level Results

Although a nationwide policy establishes an alloeaprice that encourages cost-effective actiortsettaken
across the country, individual states may expeeesmonomic effects that deviate substantially ftb®. averages
Among the most important characteristics of a paldir state’s economy controlling the impacts ohake-change
mitigation policies are its initial energy efficieyy the mix of products manufactured, how eledlyits generated, and
the endowment of allowances it receives (whicha#irer be used by businesses and households \lignistate or
traded to other states). This section examinegtfeegures for the 28 states listed in Table 3thed presents state-

level impacts of the GHG policy, focusing on they2020 after the policy scenario has been in efteclO years
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(impacts in earlier years will thus be lower theage shown). Individual state reports are available
http://www.pewclimate.org with additional informati on these years, BaU estimates of output andygner
consumption, and reactions of energy markets t@thiey (changes in energy prices and consumpgad to be

relatively uniform across states, and similar ®thS. results, and thus are not discussed inl dhetas).

Table 3. States Analyzed in this Report

- Alaska (AK) - llinois (IL) - Nebrask (NE) - Ohiao (OH)

- Arkansas (AR) - lowa (1A) - New Hampshire (NH) - Oregon (OR)
California (CA) - Kansas (KS) - New Jersey (NJ) - Pennsylvania (PA)
Colorado (CO) - Louisiana (LA) - New Mexico (NM) - South Carolina (SC)
Florida (FL) - Michigan (MI) - New York (NY) - Tennessee (TN)
Hawaii (HI) - Minnesota (MN) - North Carolina (NC) - West Virginia (WV)
Idaho (ID) - Montana (MT) -+ North Dakota (ND) -+ Wisconsin (WI)

B.1 Business-as-Usual Energy Intensities of States

Overall energy intensity of a state, as measur¢kdnsands of Btu of delivered energy consumedipkar
of GSP, is a convenient metric to summarize thegdrefficiency of its economy. Delivered energglirdes
electricity delivered to customers in a state,rmttenergy inputs to electricity generation, whigted to be considered
separately. However, all other energy use is cegtby this measurement, such as manufacturing ogtgan and

household transportation and heating use.

Figure 8 illustrates the initial energy intensistimates per dollar of GSP in the model. Some steh as
Alaska and Louisiana stand out as heavy energyucoass, mainly in their industrial and energy-praéut sectors.
Others use significantly less energy than the BvBrage according to this metric. For example,f@alia consumes
more energy than any other state aside from Teseause of the size of its economy. However, in $avfrenergy use
per dollar of GSP, it is among the lowest in theéamabecause the California economy is weightedatovthe services
industry, rather than manufacturing, and henceiresg|less fuel (see Figure 9). States such as &bioi-lorida, and
New York are similarly below the U.S. average arillittwus need to make fewer adjustments to theaneeies to

reduce emissions than more energy-intensive states.
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Figure 8

Business-as-Usual Energy Intensity in 2020 (delived energy)
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B.2 Business-as-Usual Output of States

Aside from household energy consumption for transpion and heating, energy intensities will laygleé
determined by the mix of commodities produced ichestate, along with any differences in producteEchniques
across the United States. Figure 9 presents the@BAodel's BaU estimates of output revenue shanestétes in
2020. Comparing these shares to the energy inensit Figure 8, the correspondence between a fgéces sector
and low energy consumption is clear, with the ofgpd®lding true for energy-producing states. Statgh higher

than average manufacturing shares such as Micliigarblue and red portions of the bar showing timet-half of
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Michigan’s output is energy plus manufacturingpaksnd to rely more on energy in their economidschvwill

influence their responses to a GHG policy.

Figure 9

Business-as-Usual Output Shares of States in 2020
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B.3 Business-as-Usual Electricity Generation ot&ta

Many of the economic adjustments in response to @bliigies, such as the ones examined in this repost
expected to occur in the electric-utility industAs discussed above, a switch from coal-fired ®-fy@d generation
can substantially reduce G®missions because coal has a much higher carlmentdhan natural gas, and gas-fired
boilers are around 20 percent more energy effidleam coal-fired boilers. States containing ugktrelying on coal
will thus have higher emissions but more opportesifor low-cost reductions, if gas prices weregimain low. Figure
10 illustrates expected generation technologigsérabsence of GHG policies for the year 2020, sedya into coal
plus oil, natural gas, and nonfossil generatiorcigar, geothermal, municipal solid waste, solandyiand
wood/biomass generation). Some states, such asa@ti®ennsylvania, are forecasted to have signifwaounts of
coal-based generation, while others (e.g., AlaSladifornia, and Idaho) have almost none. It shdaddhoted, however,
that although states such as California, which meynly on gas-fired and nonfossil generation ectlcity imports,
have fewer emissions, they will also receive cqroeslingly fewer GHG allowances under a distribussheme based

on historical emissions (implications of this arscdssed below).
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Figure 10

Business-as-Usual Electricity Generation by Type i2020 (billion kWh)’
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" Note: In some states, California in particulag #mount of generation reported for the electricitustry, especially from coal,
can vary depending on the definition of the indusim ADAGE, the electricity industry covers eldctutilities, independent power
producers, and combined heat and power (CHP) ietkfat electric power. Energy use for CHP withidustries is included in the
overall energy consumption of those industries.eBation can also vary depending on which AEO fasesaused (e.g., this
analysis useAEO 2004 which shows no growth in Californian natural-g@seration by 2020).
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B.4 The Importance of Allocation to Model Results

Another critical determinant of economic impactgach state is the distribution of allowance allioces
across the United States. As a starting point,ahaysis assumes that allowances will be disteithtd states based on
historical emissions in the year 2000. The distidsupattern will not particularly affect actioreken in the model by
businesses and households to reduce emissionsidectte policy’s cap-and-trade system will enshesé are
accomplished in the most cost-effective mannersactioe country. However, it can have important iogtions for
household income and consumption and, to a leaserrglated) extent, changes in GSP. At the alloegmices
estimated by the model, the associated value @ivalhce endowments can be fairly significant, impdyihat they
may redistribute income among states—with more gytirstates having high initial energy consumptihese states

are also those that will also experience the larggisistments in response to the GHG policy).

Figure 11 shows the distribution of GHG allowanaesoss the states used in this analysis (all states
endowments are shown in Table A-2), based on datdishistorical emissions (model results are dlsoussed in
Appendix A for an allocation scheme based on stafrilation). At an average allowance price of $700ke, the
total value of allowances distributed as part efpolicy would be around $40 billion. On a per-tehdd basis, this
represents an average increase of around $33Mpselold across the United States. However, ihvaiwes are
distributed across states based on their histogitedsions and this value is subsequently passed & resident
households, the value of the endowment receivegbloln household in a state can diverge from thisageeof $330.
For example, California had emissions from entitiegered by the GHG policy of around 356 MMT&£0n 2000. At
$7/MTCOse, these allowances would be worth $2.5 billiothi state. If the value of this endowment is distied
equally to households in California, it would regget an increase of around $188 per household.etsely, North
Dakota’s emissions in 2000 were approximately 49 MMD,e, which would be worth $340 million at $7/MTGO
However, because North Dakota has a small populattiis is a value equivalent to an increase o83 per
household. Such differences between the valud@fiahces allocated to each state and their resjegotipulations
have significant ramifications for the ultimate iagp of the policy on household consumption, a rogypically used

in analyses to examine GHG policies.
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Figure 11

Distribution of GHG Allowances and the Value per Hasehold at $7 per MTCQe
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B.5 Impacts of the Policy on Gross State Product

Along with other aspects of states’ economies sichousehold energy consumption and emissionsmf no
CO, GHG (mainly from the agricultural, coal-mining,danatural-gas industries), the four factors disedssove—
allocation, BaU electricity generation, BaU enengpgnsity, and BaU state output—will largely comtnow impacts of
the GHG policy are spread across the United St@ieen that there is substantial variation amoiagestin these
features of their economies, it is to be expedtatl t).S.-level results will obscure many changesuoing at the state
level. Figure 12 shows the magnitude of GSP chafige the policy has been in effect for 10 yeargufe 13

illustrates this change in reference to each statedjected growth.
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Figure 12

Impacts on Gross State Product in 2020
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Figure 13

Impacts on Annualized GSP Growth Rates Between 20GHd 2020
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Although there is a fair amount of variation acretes, in general most impacts of this fairly pxid

reduction target are less than three-tenths ofdepe in that year (as shown in Figure 13, thefextf are nearly

indistinguishable in terms of average growth ratesr the next 15 years). States such as Alask&NandMexico

benefit from increased production of natural gaother states such as North Dakota and West Vérgianges in

GSP, which appear counterintuitive at first glarare, a function of the additional allowances theyallocated under a

distribution scheme based on historical emissiosveould tend to be reversed if alternative scheware used (see

Figures 14 and 15). Similarly, a state such asf@ala that might be expected to do better tharl it average, based
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on its low average energy consumption, is instdéigttly worse off because its endowment of allowascs based on

low historical emissions.

B.6 Impacts of the Policy and Allowance Distribngmon State Household Consumption Spending

As shown in Figure 14, overall effects of the pplon growth in household consumption spending are
extremely small. Impacts on spending in a particyésar such as 2020, after the policy has beeffeatdor 10 years,
are minor but can be used to compare results fhisrahalysis to those of other climate-change atiiign policies.
Figure 15 illustrates the impact per household asdian be seen, these impacts vary significaotlysa states.
Consumption impacts ranged from -$370 to +$1,58@He most costly case (“Market Offsets”) and, sarage,
reduced household consumption by around $50 and fhtxhe United States for the “Free” and “MarkéXffsets
cases, respectively. Again, it is important to rtbte these results vary significantly across stated an important

insight is that these are also highly dependenherdistribution of allowances adopted in the polic

Impacts on household consumption spending comltiaages in prices of consumption goods and chamnges i
income from employment earnings with the effect;iobme received through endowments of GHG allowanc
Findings shown in Figure 15 depend on the allocaditheme illustrated by Figure 11, in which sta¢egive
allowances based on their historical emissionepadt As with GSP, the income received from thestoements
leads to consumption patterns in states such ab Bakota, Louisiana, and West Virginia that aredds with what
might be expected because their economies are tedighore toward energy production than nationatayes.

Similarly, states such as California, which havatreely low energy consumption, are somewhat waf§¢han the
national average, as a function of receiving feallmwances under a historical emissions approathet@llocations.
Thus, even though with this allocation scheme thtes likely to experience the largest aggregapaats of a GHG
policy are compensated for their economic adjustemough receiving additional allowances, therapph does not

necessarily imply that impacts on households vélelqualized across states.
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Figure 14

Impacts on Annualized Growth Rates In Household Cosumption Spending (2005 to 2020)
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Figure 15

Impacts on Household Consumption Spending in 2020
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An alternative approach for distributing allocasamight be to base them on the number of houselolds
each state in a given year. Under this approaatestire not compensated according to their diffeznergy-
consumption requirements but along the lines df fha@pulation. Figure 16 shows the implicationdhwdse results for
consumption spending as the “Households” scenaidocampares them with the “Market Offsets” restriten Figure
15. States such as North Dakota and West Virgwinach experienced large consumption increaseseagetult of
receiving more allowances per household than thiems average under a historical emissions distigm, are now
below the U.S. average. Other energy-producingstich as Alaska with more moderate consumptzreases are
now significantly worse off. Conversely, stateshalidrge populations and low initial energy consumptand
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emissions) such as California do better under lamvahce distribution that depends on householdkerahan
emissions. Impacts on other states not at extrefneither energy consumption or population are $dected.
Although neither of these approaches equalizesrpacts of the policy across households, the resudlicate how
allocations can be used to alleviate any costcaso with a GHG policy. In addition, as suggedigdhe RGGI
approach, a certain portion of the allowance anatbuld be used for public benefit purposes awdifipally to
compensate specific disadvantaged groups of c&jzest unlike the initial assumption used in tl@part where states

with larger impacts receive more allowances.

Figure 16

Impacts of an Alternative Allowance Distribution on Household Consumption Spending
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B.7 Impacts of the Policy on State Output Revenues

Figures 17 and 18 show how output revenues of remggrindustries (agriculture, manufacturing, and
services) are expected to change across stateggyareduction is not included in the graph to adelthe effects of
energy efficiency differences across states onmpialechanges in output. The revenue effects showmbine both
changes in commodity prices and changes in quasifitioduced; consequently, the changes appear thegeGSP
impacts shown in Figure 12. However, revenues pieg convenient method by which to merge resuis filifferent
industries for comparison purposes. The resulistilate the inverse relationship between energpsgity per unit of
output (see Figure 8) and responses of state edeadmthe GHG policy: as a general rule, statél high industrial

energy use will experience larger adjustments thates with a service-oriented focus (Figure 9).

Figure 17
Impacts on Annualized Growth Rates In Industrial Output — Non-Energy (2005 to 2020)
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Figure 18

Impacts on Output Revenues of Nonenergy Industrie 2020
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B.8 Impacts of the Policy on State Employment

Policy impacts on employment, which reduced ovexaiployment growth in the United States from 1.225
percent a year to 1.215 percent over the 200520 #the frame, are spread across states in a paitailar to
changes in output revenues (see Figure 19). Asssiowigure 20, in 2020, after 10 years of the @glemployment
effects range from essentially zero for states stsc@alifornia, Florida, and Hawaii to between artgr of a percent
from the BaU projection for energy-producing stdtesall that, in these same states, householdiogption spending

did not necessarily decline, depending on how aloves are distributed). Trends that might be expectsome
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energy states, such as Alaska and Colorado, aetdf§ increases in employment in the natural-gasstries. In other
states that are significant coal producers, sudest Virginia, some labor movements from the epgngpducing

industries into other parts of the economy aretikedly unaffected by the GHG policy, such as sexsic

Figure 19

Impacts on Annualized Growth Rates In Employment (B05 to 2020)
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Figure 20
Impacts on Employment in 2020
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V. Conclusions

This analysis uses the ADAGE CGE model to estithateconomic impacts of a modest national climate-
change mitigation policy and evaluate how theseaictpmight affect the economies of individual stdtes important
to note that, although this modeling effort focusasestimating costs associated with undertakipgliay to reduce
GHG emissions, costs will also likely be associatét not taking action as increasing atmospheni@ls of human-
generated GHG contribute to further global warmangy these costs (or benefits from action) shoalthbluded in a

more complete evaluation, but this is beyond tlepe®f the current effort.

Impacts of a climate-change mitigation policy oniragtividual state within the United States will @&eya on
many factors. Among these are states’ initial epeansumption, the types of manufacturing and serindustries
located there, how a state generates (or purchasedgctricity, and the endowment of allowandegc¢eives under the
policy. Relatively energy-efficient states, becaokeither their product mix or manufacturing teclugies, will need to
make fewer adjustments in their economies to reéutissions than more energy-intensive states. Meotechniques
currently used to generate electricity and thedsiisfuel intensity will control how states adjusta GHG policy as will
the ability to develop markets and use new teclgietoand fuels. Finally, the distribution of allaveas across states can
have important implications for household incomd aansumption because the value of these allowaagestentially

quite large, relative to the total cost of the pgli

This report finds that economic impacts of a potitgt reduces GHG emissions to around the levels isethe year
2000 are relatively small. Average annual GDP ghorates are estimated to be a few one-hundredgefcent lower over
the next 15 years. Similar implications are fouadHousehold spending and employment trends. Allmeaorices, which
range between $4 and $14 per MTZOver the next 15 years, and the economic adjussnassociated with them, depend
ultimately on assumptions used in the analysithdfe are low-cost, or free, opportunities for prasing emissions offsets
from sources outside the policy’s trading systelloywance prices will be at the low end of the pnieage, while more
restricted opportunities will increase prices. tldigion, if the model used to analyze a GHG potlogs not include options
to achieve cost-effective reductions in nons@fases, or through trading with international omeéstic emissions sources,

the model’s estimated allowance prices and assatetonomic impacts will be much higher.

Finally, the modeling discussed in this report dadés that, even under a uniform national poliffgces on
states are likely to be distributed in a fairlydregeneous fashion. However, opportunities exisstothe value
embodied in GHG emissions allowances created umdap-and-trade policy to help ameliorate impantstates

experiencing larger than average economic adjugsnen
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Endnotes

! For a discussion of ongoing state and regional GiB&sions reduction efforts see
http://www.pewclimate.org/what_s_being_done/in_#tates/.

2 See http://www.stanford.edu/group/EMF/home/indem.h

3 CO, emissions associated with calcination during cerpesduction are not considered.

* For some types of GHG emissions, such # fiom fossil-fuel consumption, abatement oppottesiare not
considered because of difficulties in monitoringaesigning abatement costs.

> Abatement costs for CHrom coal mines are based on work by RTI Inteowal; however, these results are similar
to the data presented in Hyman et al. (2002).

® A similar CGE structure was used in Andriamanamngtral. (2005) to examine state-level impactsitgfrnational
trade policies. To the best of our knowledge, Hygregation methodology was originally conceived’bgpmas
Rutherford. See http://www.gams.com/solvers/solins#MPSGE for information on his work.

7 Stanford Energy Modeling Forum — EMF 21: Multis3ditigation and Climate Control
(http://lwww.stanford.edu/group/EMF/home/index.htm).

8 Massachusetts Institute of Technology Joint Progna the Science and Policy of Global Change at
http://web.mit.edu/globalchange/www/MITIPSPGC_Rmfél7; Charles River Associates at
http://www.crai.com/pubs/pub_3694.pdf ; U.S. DOEeH)y Information Administration at

http://www.eia.doe.gov/oiaf/analysispaper/sacsa@ikotm} and the forthcoming Pew Center on Global
Climate Change analysis by Jorgenson, Goettle asig the IGEM model.

° As in the Smith et al. (2003) analysis of thisippl government spending is maintained under tHep@ecause the
government is included as a separate agent in tiieln Although their analysis accomplished thistlgh raising
personal income taxes, this analysis maintains mowvent spending in a nondistortionary manner.

9 The economics literature has examined how reveflaesenvironmental policies might provide a “doaibl
dividend” benefit to the economy if they are usedbtver existing distortions (see, for example, Balverg and
Goulder [1996], Parry and Bento [2000], and Goultedt Williams [2003]). While these benefits candamportant
implications for the macroeconomic costs of pokcidey are beyond the scope of this analysis.  ™itilough it is
assumed in this analysis that government purctingbe United States are maintained in a nondisteaty manner to
ensure meaningful welfare results, allowances boeaed directly to states and not used to re@éuxigting taxes in
the United States.

™ Including countries in Eastern Europe such asriRbia the European region in the model implies #aito
participants will be willing to pay these countries their excess allowances.

12|t Russian “hot air” is included, based on IEAdoasts, none of the Kyoto participants would nee@ke action for
a number of years to meet the overall Kyoto emisstarget, similar to results mentioned in Paltsteal. (2004), and
allowance prices would be equal to zero (excludifigcts of banking). Because this result does gmeawith the
current positive allowance prices in European trgdanarkets, or comments by European leaders inadictiey are
unlikely to pay for “hot air,” it was decided tomeve it from the analysis.

13 Although the international policy assumption ofestrained trading of allowances among participaads to low
estimated prices for Kyoto Protocol participantss still essential to consider these global axtibecause they will
have ramifications for economic effects of domeptiticies. Among the most important of these are lamridwide
declines in demand for crude oil will lower itsq®j thus providing an incentive to consume moreofgim and
potentially making it more difficult to meet the esions target. Similarly, the ADAGE model cons&lbow
international competitiveness may be influencedulgh changes in production costs of industriesintathese
reactions into account, a Kyoto allowance pricarafund $10 per metric ton of carbon equivalenstsrmated for the
year 2010, increasing at 5 percent a year theregftesuming that the United States bought offéet® Kyoto nations
would increase the Kyoto allowance price by upQ0 percent, due to the reduction in amount of takéwances
available for trade and use.) This leads to aieirdtrop in world crude-oil prices of around 1 pamt; which declines
to around one-quarter of a percent over the nexo b years. These changes, along with thosehigr ttaded goods,
are then considered when determining U.S. reactions

! Note on comparing module results: allowance prastsnated by th&)S Regionamodule of $30.63 and $49.73 per
MTCe for the years 2010 and 2020, respectively,pamato results for the policy in tiheternationalmodule of
$30.32 and $49.19 for the same years. We feebtius/s a good correspondence between the two moaiutes
indicates that responses in 8 Regionamodule to changes in trade prices fromlititernationalmodule will
provide an accurate representation of world reastto the Kyoto Protocol and domestic GHG policy.
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15 As noted previously, the “Free Offsets” scenarighihrepresent circumstances in which forest/saijugstration
proves to be capable of supplying 15 percent opthiiey’s emissions cap at no cost or, alternagiviélvery cheap
offsets are available from international GHG masKetg., if Russian “hot air” is allowed on thesarkets).
Domestically generated offsets in the “Market Off8scenario come from reductions of non-Qfases in agriculture,
methane emissions from coal mines or landfills, Hf@Gm refrigerants or foam manufacturing, etc.

% The process used in ADAGE to develop state-leatd dnd forecasts, which generally involves stgrfiom
historical state-level data and projecting it al#xgO forecasts, leads to a slightly lower BaU eaterfor U.S.
petroleum prices than in AEO 2004.
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Appendix A: Additional Information and Analyses

This appendix presents additional information olsuating the emissions target used in this analysi
also shows the estimated distribution of allowara®sss states and how an alternative distribwtiould affect
model results. Finally, sensitivity analyses arediated on various model assumptions controlling boergy

consumption reacts to the climate-change mitiggpilicy.

A.1  Emissions Target Used in Analysis and States’ Endowments of Allowances

The emissions target is established using data EB#'s Inventory of U.S. Greenhouse Gas Emissions
and Sinkg2005). For non-C@emissions, sufficient detail is provided to digtiilsh emissions of noncovered
entities in the agriculture, household, and ses/grxtors of the economy. For £€nissions, additional data from
EIA are used to separate emissions related topaatation fuels, which are covered by the policgni other

emissions by noncovered entities.

Table A-1. Calculation of the National Emissions Teget

Excluded Emissions
All Service Covered
Emission Type Emissions | Agriculture® Household$ Industry” Emissions
CcOo, ! 5,858.2 8.3 379.1 234.Y 5,236.2
CH, 552.2 162.0 168.4 0.1 221.8
N,O 402.0 282.2 69.2 0. 50.6
HFC, PFC, SF 138.9 0.0 0.0 0.0 138.9
Total 6,951.3 452.5 616.7 234.7 5,647.0

! Excludes net CQemissions from land-use change and forestry

2 Excluded emissions of GGrom transporation fuels are calculated from AHIDZ2, Table 32.
Emissions of Ciland NO in agriculture from enteric fermentation, manor@nagement, crop
burning, rice cultivation, and soil managementeeuded.

% Excluded emissions of GGrom transportation fuels are calculated from AFID3, Tables 2 and
34. All emissions of ClHand NO from mobile sources are assigned to househd@dsssions of
CH, and NO from landfills, wastewater treatment, mobile s&sr and sewage/waste are excluded.
“ All emissions of the services industry (EIA's Comeis Sector minus government) are excluded.

State-level C@emissions by economic sector in the year 200@ailated using historical EIA data on
states’ energy consumption (see Ross [2005] faetidata sources). Overall U.S. emissions of nopga@es by
source are taken from the Stanford EMF 21 data witigas abatement. Regional shares of EMF's Ur8s&ons
are assigned to states based on output and corisarnpthe relevant economic sectors from the IMRLAnd EIA

data in the model. Table A-2 shows the resulthe$¢ emissions estimates, which are describedefustiow.



Table A-2. States’ Endowments of Allowances Basea &stimated Emissions in Year 2000

Endowments Based on Emissions (MMTCe) Endowment Endowment
Value at Value per
State Co, CH, N©O HFC  PFC Sk, | Total ﬂ’iﬂﬁ.ﬁ?ﬁf H;)nuzgggld
Alabama 126.8 3.6 0.5 1.4 0.3 q.7 13B.4 $93B $465
Alaska 33.0 1.6 0.1 0.1 0.0 (0] (0] 34.8 $244 $886
Arizona 75.8 2.6 0.3 1.7 1.1 0|5 84.0 $574 $234
Arkansas 57.9 3.1 0.9 0.9 0.1 q.2 6B.1 $44p $369
California 320.1 16.9 2.2 11.7 3.9 1§.2 356.0 $2,492 $188
Colorado 76.0 7.3 1.0 1.6 0.2 0.2 86.3 $604 $304
Conneticut 30.9 1.2 0.2 1.4 0.1 g.2 3.9 $23B $175
Delaware 14.8 0.3 0.1 0.3 0.0 d.0 1%.6 $10p $313
Florida 204.4 6.0 0.7 34 0.4 10 21%.9 $1,51 $189
Georgia 148.9 3.3 0.7 3.0 0.3 d.6 15p.7 $1,09 $304
Hawaii 14.3 0.6 0.1 0.2 0.0 on 142 $104 $216
Idaho 14.7 1.7 0.7 0.5 0.4 0|1 14.0 $12 $218
lllinois 214.1 6.4 3.2 4.3 0.4 1n 2296 0,6 $332
Indiana 216.4 4.2 1.8 3.1 0.7 0.9 227.1 1,59 $622
lowa 73.1 4.8 3.3 1.0 0.4 042 84.9 $511 $423
Kansas 69.9 6.9 2.4 1.0 0.1 q.2 8p.4 $56B $490
Kentucky 137.2 7.2 0.9 1.6 0.5 0|5 148.1 34,0 $592
Louisiana 196.0 5.6 0.7 1.1 0.1 d.4 20B.8 4%, $769
Maine 15.6 0.6 0.1 0.4 0.1 01 14.8 $244 $373
Maryland 68.7 2.3 0.4 1.2 0.1 0|3 73.0 $51 $234
Massachusetts 65.4 2.2 0.3 2.4 0.5 0.2 1.1 498 $ $194
Michigan 173.4 5.2 1.3 6.7 0.4 0|7 187.6 $3,3 $316
Minnesota 88.2 4.1 2.5 2.0 0.2 d.3 97.3 $68JL $321
Mississippi 53.7 1.9 0.4 0.9 0.1 02 5711 40 $341
Missouri 112.2 3.3 1.7 2.0 0.4 0|5 12(0.2 $841 $341
Montana 28.0 1.8 1.0 0.2 0.0 q.2 31.1 $21B $523
Nebraska 36.6 5.2 2.8 0.5 0.0 Q.2 4b.3 $31y7 $436
Nevada 39.3 0.8 0.2 0.6 0.0 g.3 41.2 $28p $307
New Hampshire 15.1 0.5 0.1 0.6 0.1 A 16.5 115% $205
New Jersey 111.7 3.0 0.6 1.9 0.3 4 117.9 25%8 $249
New Mexico 51.4 5.8 0.3 0.4 0.2 0|2 54.3 $408 $483
New York 188.3 7.7 1.4 4.3 0.6 0|8 203.2 22,4 $191
North Carolina 134.0 4.1 0.8 3.9 0.2 Q0.6 14B.6 $1,005 $267
North Dakota 45.8 1.1 1.4 0.2 0.0 d.2 48.6 4063 $1,188
Ohio 243.1 6.0 1.7 5.0 1.0 1|1 251.8 $1,804 $387
Oklahoma 88.6 9.0 0.9 0.9 0.0 g.4 99.8 $69B $454
Oregon 36.1 1.7 0.7 14 11 a5 41.5 $291 $190
Pennsylvania 244.5 9.1 1.4 3.7 0.9 .6 2d1.3 $1,829 $360
Rhode Island 9.5 0.3 0.0 0.3 0.1 0.1 1p.4 $7B $168
South Carolina 72.0 1.5 0.3 1.6 0.2 5 76.0 $532 $288
South Dakota 13.0 1.8 1.8 0.2 0.1 .0 1J7.0 19%1 $363
Tennessee 1145 2.6 0.7 2.3 0.4 0.6 121.0 7 $8ft $334
Texas 653.7 26.4 3.3 6.8 1.9 4.1 69p.3 $4,840 $548
Utah 58.4 2.5 0.3 0.7 0.0 03 64.3 $43¢ $514
Vermont 5.5 0.6 0.1 0.2 0.2 0|0 q.7 $471 $159
Virginia 108.2 4.3 0.7 2.3 0.4 oy 114.3 $814 $268
Washington 73.0 3.3 0.9 2.2 0.6 q.6 8p.5 $560 $214
West Virginia 103.3 6.9 0.2 0.3 0.2 05 111.4 $780 $970
Wisconsin 99.8 4.6 2.0 2.4 0.3 0.3 109.3 $76p $327
Wyoming 57.0 8.4 0.3 0.1 0.0 0|2 6q4.1 $463 $1,944
United States 5,235.6 221.8 50.6 96.8 19.2 22.9,647.0 $39,529 $330
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Methane emissions from U.S. coal mines in the ENIE&ta are apportioned to underground and surface
mines using EPA'$nventory of U.S. Greenhouse Gas Emissions and.S\lgt emissions, accounting for methane
recovery, from these mines are assigned to statedlon state-level coal production (with undergdomines in
the eastern states and surface mines in the Wésthane emissions associated with natural-gasrias®n are
assigned based on states’ shares of nationalgaission, while emissions from petroleum prodaots
determined by states’ oil consumption. State-leggicultural emissions of methane from enteric femtation,
animal waste, rice cultivation, and crop residumbng are estimated based on state’s shares afmahtgricultural
production of the relevant commaodities as showthinIMPLAN data. Similar logic is applied to emizss from
the iron and steel industry and chemical manufagguiMethane emissions from landfills are assunodokt a
function of each state’s population as a sharetibnal population. Emissions of® from fuel combustion are
based on the ADAGE state-level estimates of eneoggumption. As with some types of methane sounthasy
N,O emissions from agriculture and manufacturing ddpan the IMPLAN production data. Similar logicaiso
applied to all HFC and PFC emissions and tg €Rissions related to magnesium production.eédRissions from

the electricity industry are based on the statellestimates of electricity generation in ADAGE kiwh).



A.2  Sensitivity Analyses

A.2.1 Energy Efficiency Improvements and Fuel $wvitcin Electricity Generation

To evaluate the feasibility of the heat rate imgmoents in the model, which are described in Bok 2 o
Section Ill.A, the authors conducted a spreadsheastysis of these improvements and the changeseln f
consumption. Levelized costs of new advanced gasrgéors can be determined from the capital andatipg
costs in Tables 38 and 48 of EIAAssumptions to the Annual Energy Outloalong with natural gas prices and
carbon content from th&nnual Energy OutlookData on heat rates and capacities of existingfoea generating
units are available from EPA’'s NEEDS databasetat/iwww.epa.gov/airmarkt/epa-ipm/. This informatioan be
combined with assumptions on fixed and variablerairey costs for coal units (from the documentatibthe
Integrated Planning Model at the same Web sitgptdevelized generation costs for existing codsuit his
analysis indicates that, by 2020, based on thearmhhatural gas prices in the model and the ewirallowance
prices in the policy case, it would be economicetire 120 gigawatts of current coal units andaeglthem with
advanced gas technologies. Remaining coal unitsiing at a capacity factor of 85 percent, wouldble to
generate 1,260 billion kWh of electricity from th2.7 quadrillion Btus of coal used in the electyiégndustry in the
ADAGE model. From a total fossil-fired generationthe model of 3,530 billion kWh, this leaves ard@200
billion kWh for natural-gas generation (after salsting off a small amount for oil units). At an aaxge capacity
factor of 90.4 percent and with a heat rate of @ B&u/kWh, 280 gigawatts of new advanced gas gémeravould
be needed to consume the 11.3 quadrillion Btusabfral gas in the electricity industry in the modéiis would
generate the 2,200 billion kWh of electricity negde match total electricity demand in the moda&n®ining these
new gas units with the remaining existing coal atiter units would give an overall heat rate foisfbgeneration of

6,920 Btu/kWh, which is equivalent to the estimatADAGE.

As discussed in Box 2, a sensitivity case was muhDAGE regarding model assumptions about the tgbili
of electric utilities to switch from coal to gashi$ model parameter, which has a large impact lowahce prices
and the economy’s energy consumption, is the elgsbf substitution that controls the ability tadertake this fuel
switching (see Figure 2-5 in Ross [2005]). In geasitivity case, this elasticity is lowered fronotto one, which
restricts movements out of coal-fired generatiod iato gas-fired generation. As shown in Table A Jimiting

the capabilities of the electricity industry to pige low-cost emissions reductions, the allowamieepgncreases by
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around 30 percent. Despite the increase in thevalice price, and thus the price of coal, in 202481 consumption
by utilities is 15 percent higher than in the “MerlOffsets” scenario. Natural-gas consumptiondsiad 10 percent
lower than before, and there is a smaller improverreheat rates. As the result of additional pittun costs,

electricity prices are somewhat higher and demairawer.

Table A-3. Impacts of Assuming Less Coal-Gas Switaig by Electric Utilities

BaU Less Fuel Switching Market Offsets
Variable 201C 202( 201C 202(C 201C 202(
Allowance Price ($/MTCO2¢e) - - $10.8 $17.5 $8.4 $13.6
Electricity Fossil-Fuel Use|Coal 23.2 26.5 17.3 14.6 15.5 12.7
(Quad Btu) Natural Gas 7.0 8.9 7.4 10.2 8.4 11.3
Electricity Markets Price $0.064 $0.066 $0.072 $0.077 $0.070 $0.074
($/kWh & billion kwh) Generation 4,380 5,141 4,121 4,716 4,182 4,806
Heat rates (Btu per kWh) 9,687 9,338 8,608 7,336 8,142 6,908

A.2.2 Energy-Efficiency Improvement in Manufactgrin

One of the most important model parameters is ldieity of substitution that controls energy-eiéincy
improvements in the manufacturing, services, aadsjportation industries g equal to 0.5 in Figure B-3). This
sensitivity case involves raising the parametesrte, which allows additional switching between gyeand value-
added (capital and labor). Hence, there is moréatm invest in capital or use more labor to reduhe need for
energy in production. Table A-4 shows the impaéthis change for the “Market Offsets” scenariagthcenario is
used for comparison purposes because it shows meactons than the “Free Offsets” scenario). Actbss
economy, the allowance price falls by around 2@@etras the result of these additional efficierapriovements.
Coal consumption, which already declines by thgdar amount, remains fairly constant. By 2020, hawe
consumption of the remaining types of energy flajlsan extra 4 percent as the result of additioma¢stments by

manufacturers, even though allowance prices arerdwan in the “Market Offsets” scenario.

Table A-4. Impacts of Assuming More Energy-Efficieicy Improvements

BaU More Efficiency Market Offsets
Variable 201C 202( 201C 202( 201( 202(
Allowance Price ($/MTCO2¢) -- - $6.7 $11.0 $8.4 $13.6
Manufacturing, Coal 2.5 2.4 1.8 1.3 1.7 31
Services & Electricity 7.1 8.6 6.7 7.7 6.8 8.1
Transport Energy [Natural Gag 10.5 12.0 9.9 10.4 99 111
Use (Quad Btu) |Petroleum 18.4 21.6 17.7 19.9 .817 20.3




Appendix B: ADAGE Model Description

This appendix describes the general structureeoAIDAGE model. See Ross (2005) for additional infation.

B.1 Overview

RTI's ADAGE model is a dynamic CGE model capablexdmining a wide range of economic policies
and estimating how all parts of an economy wilpasd over time to policy announcements. Among #asible set
of policies are many types of economic, energyjrenmental, and trade policies, which can be ingastd at the
international, national, U.S. regional, and U.&testevels' Of particular note is the ability of the ADAGE neldo

investigate climate-change mitigation policy issa#fecting six types of GHG at a range of geograscales.

To investigate implications of policies, the ADAGEbdel combines a consistent theoretical structutie w
observed economic data covering all interactionsrapbusinesses and households. These economigdisika
include firms purchasing material inputs from othasinesses and factors of production (labor, ah@itd natural
resources) from households to produce goods, holgseteceiving income from factor sales and buyjogds
from firms, and trade flows among regions. Nestaastant elasticity of substitution (CES) equatiarsused to
characterize firm and household behaviors (whiehisended to maximize profits and welfare, respelyt), as

well as options for technological improvements.

ADAGE uses a classical Arrow-Debreu general equilin framework to describe these features of the
economy. Households are assumed to have perfesidbt and maximize their welfare (received from
consumption of goods and leisure time) subjectigget constraints across all years in the modetdoy while

firms maximize profits subject to technology coasits. Economic data in ADAGE come from the GTARd

4 RTI gratefully acknowledges partial funding of nebdevelopment related to regional U.S. policie€ERA's Office of Air
Quality Planning and Standards (OAQPS). The OAQP8atwas developed for analysis of nonclimate-eelanvironmental
policies under the name “EMPAX-CGE” (see Ross, Be&epro, and Murray [2005]). ADAGE relies on diffet data,
assumptions, and model structure and is suitablelifoate-change mitigation analyses at multipleesls of geographic
disaggregation. All international and climate-rethmodel development has been funded by RTI Intiemel. Development of
state-level modeling capabilities has been largeing funded by the Pew Center on Global Climatar@e. See
http://www.pewclimate.org/ for information on tharganization. Any opinions expressed in ADAGE pplanalyses are those
of the authors alone.

5 See http://www.gtap.agecon.purdue.edu/ for infaioneon the Global Trade Analysis Project.

B-1



IMPLAN ® databases, and energy data and various growttafsteecome from the IEA and EIA of the U.S.

Department of Energy.

ADAGE is composed of three moduletnternational” “US Regional and “Single Country.Each
module relies on different data sources and haexeht geographic scope, but all have the sarmerdtical
structure. The internally consistent, integratedfework connecting ADAGE’s modules allows its comgats to
use relevant policy findings from other moduleshviitoader geographic coverage. This allows the itode
estimate detailed regional and state-level reshidtsincorporate international impacts of policiebjle avoiding

computational issues that preclude solving folJaB. states and world nations simultaneously.

ADAGE incorporates four sources of economic groWAh:growth in the available effective labor supply
from population growth and changes in labor proditgt (2) capital accumulation through savings ameestment,
(3) increases in stocks of natural resources, 4nte¢hnological change from improvements in mactufdng and
energy efficiency. By means of these factors, @lb#s growth forecast is established for ADAGE gsiBEA and
EIA forecasts for economic growth, industrial outpanergy consumption and prices, and GHG emissBtasting
from the year 2005, ADAGE normally solves in 5-y&are intervals along these forecast paths, whiereatended

into the future as necessary for each policy ingation’

B.2 Components of the ADAGE Model

The ADAGE modeling system is composed of threerqaienected modules. As shown at the top of Figure
B-1, this framework begins with thaternationalmodule. This component of ADAGE allows the moaetdnduct
international policy investigations on any set afions included in its database (within computaildimits on the
total number of regions in the model). After theéadand forecasts enter the model structure, pslicad be
examined. From these studies, findings on pricésaded goods and, in the case of climate-chantjgation
policies, emissions permit prices can be passéltbtdS RegionahndSingle Countrymodules. By passing this

information down to modules with additional regibdesaggregation, ADAGE is able to incorporate etffeof

¢ See http://www.implan.com/index.htmal information on the Minnesota IMPLAN Group.
" Beyond the end of the model horizon (generallyveen 2050 and 2075), additional time periods anetolensure that the
model converges to a new steady-state equilibriien a policy is imposed.
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international policies in its regional simulatiofsee Balistreri and Rutherford [2004] for a diséms®f this type of

modeling structure and its application in a cliraptdicy context).

Within theUS Regionamodule, states are combined using a flexible regjiaggregation scheme that
allows an individual state of focus to be desigdated modeled relative to other regions. Five prymagions
(groups of neighboring states) and an individuatiesimodeled as a separate sixth region) are iedludpolicy
simulations. By running this aggregation schemeugh all states of interest for a policy, findirgs be obtained
for multiple states in a computationally tractalylet flexible and consistent, manner. A similar C&icture was

used in Andriamananjara et al. (2005) to examiatedevel impacts of international trade policles.

ADAGE uses a variety of economic, energy, and enrissdata sources to characterize production and
consumption decisions by firms and households. & dasa show current production technologies andademby
agents and are combined with economic growth fateand estimates of future energy production, wopsion,
and prices:

International—GTAP economic data, IEA energy production and aomgion data, antorld Energy

Outlook 2004forecasts from IEA. Carbon dioxide (g@@missions related to fuel consumption are from

IEA. Non-CQ, GHG emissions are from the Stanford Energy Modehorum (EMF 21).

US Regional—Economic data from the Minnesota IMPLAN Group, &mergy data and forecasts from

EIA: Annual Energy Outlook 2008anufacturing Energy Consumption Suna80?2 State Energy

Reports and various industry annuals. Fuel-related @@issions are from EIA, and non-€QHG

emissions are from EMF 21.

Single Country—Individual country data where GTAP data are lessgrehensive (currently for Brazil—

International Food Policy Research Institute dated Costa Rica).

This integrated modular design (along with theifexregional aggregations for U.S. states anddare
nations) has been adopted to overcome computatomatraints that limit the total size of nonlinear

intertemporally optimizing CGE models such as ADAGE

8 To the best of our knowledge, this aggregatiorhm@tlogy was originally proposed and developed bgritas Rutherford. See
http://www.gams.com/solvers/solvers.htm#MPSGE fdoimation on his work.
® See http://www.ifpri.org/ for International FoodlRy Research Institute (IFPRI) data and reports.
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Figure B-1. The ADAGE Model: Integrated Framework d Connected Modules

Traded Goods Prices and Greenhousa Gas Parmit Pricas

I ' + L
. Single Country
International US Regional Brazil
GTAP/EIA Data IMPLAM/ELA Data A regions
|IEQ Forecasts AED Forecasts Costa Rica
I regrian

. /

Economic/Energy Data and Forecasts Enter Model Structure

Model Structure

Greenhouse Macroeconomic

Gas Policies ] _ Paolicies
International Production Functions Electricity
. Household Utility Functions .
L.S. Mational nterts D . Enviranment
U.5. Regional nEI rrn_pu;l }rnat:lcs Energy
U.S. States aslichy Parametors Trade

/N

After generating a baseline, new palicies are included and results are estimated

\

Macroeconomic Results

GDP, Welfare, Output, Trade
Employment, Energy (5 & BTU)

Greenhouse Gas Results
Emissions & GHG Permit Prices
(CO,, CH,, N,O, HFC, PFC, SF)

ADAGE model development would not have been possiithout the MPSGE software (Mathematical
Programming Subsystem for General Equilibrium; Rfitrd [1999])° ADAGE is solved as a mixed
complementarity problem (MCP) within the GAMS laiagie (Generalized Algebraic Modeling System; Broeke

al. [1998])*! The GAMS/PATH solver is used to solve the MCP ¢igna generated by the MPSGE software.

10 See http://www.gams.com/solvers/solvers.htm#MP & Enore information.
11 See http://www.gams.com for more information.
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B.3 Data in the ADAGE Modules

ADAGE combines multiple data sources to createlanitad social accounting matrix for each module.
The data are used to generate a balanced SAMdorethr 2005 consistent with desired sectoral agidmal
aggregations. Although developing a “base” yeattierSAM that is different from the initial year e GTAP and
IMPLAN sources requires additional effort, it prdes several advantages: first, the different madsif®uld be as
consistent as possible and begin in the same geeond, in a perfect-foresight model, agents wijiist their
behavior in all time periods as soon as a poli@nisounced, so, if ADAGE began in the year 2000cies under
consideration today would show effects in that yaad finally, developing a SAM for the year 2008side of the
model allows more opportunity to incorporate estasaf economic growth between the year of the daththe

base year of ADAGE.

Thelnternationalmodule of ADAGE relies on the GTAP Version 6 datsé These economic data include
balanced SAMs for 87 regions containing 57 sectaith, information for the year 2001. Within the bals of the
regional and sectoral disaggregation of these @é&GE is fully flexible in choosing regions anddustries. For
climate-change mitigation policy analyses, thisinfation is combined with IEA data on historicatidorecast

energy production, consumption, and price datagyf electricity generation, and GDP growih.

An international regional aggregation of the coigstin GTAP is selected for an analysis based en th
relevant international policy backdrop. In thiseasincludes the following group of regions:

United States
Europe
Canada
Japan
Russia

China

Rest of World

TheUS Regionamodule is based on state-level economic data fhenMinnesota IMPLAN Group and

energy data from EIA. These data are used to defioend five broad regions within the United Stqtegional

12 The necessary energy production and consumptintdae been gathered for 32 countries and 6 regmoover the 87
regions included in GTAP.
13 Programs from Rutherford (2004) are used to omgaand aggregate the IMPLAN data.
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definitions are flexible along state boundaries, dlggregation used in this analysis is shown inféi@-2). To

examine a particular state of interest, that statsodeled as a separate sixth region, which iotersmultaneously

with the five broader regions. When examining epgngvironmental policies, the broad regions witthia United

States are generally selected to capture impaodiffetences across the country in electricity-gatien

technologies and also to approximate electricitykaiaregions defined by the North American ElecRiiability

Council (NERC). Each region typically includes betm 10 and 20 industries (the ones used in thigsasare

shown below), where the total number of industfeegregated from the IMPLAN data, which includesmo%00

industries) are controlled by dimensional constsain

Figure B-2. Potential U.S. Regional Aggregation (ekuding specific states)
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The Single Countrymodule is designed to allow ADAGE to look at naimot covered by the GTAP data

and/or look at regions within non-U.S. countriedata are available. International Food Policy RedeInstitute
(IFPRI) publishes a four-region SAM for Brazil tHas been adapted for use in ADAGE. Similarly, at@dica

SAM from Rodriguez (1994) is used to specify a medar that country, combined with World Bank data
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expected economic growth. These data sources aceilded in more detail in policy papers relateth® specific

countries in question and are not discussed here.

Industries represented in each module of ADAGEagigregated from those in the underlying GTAP and
IMPLAN databases to focus on the relevant econ@maitors likely to be affected by the policy undesistigation,
while remaining within computational limits of CGRodels. When using findings from one module in hant
similar aggregations of industries are used aalatabases to ensure policy effects are translamdately among
modules. For example, when examining climate-chamigigation policies, data in each module are aggred to
five broad industries (with a focus on maintainimgportant distinctions in energy consumption andssians) and

five primary energy industries (with multiple forragelectricity generation):

0 Agriculture o Coal

o Energy-Intensive Manufacturing o Crude Qil

o Other Manufacturing o Electricity (multiple technologies)
0 Services o Natural Gas

o Transportation o Refined Petroleum

ADAGE, however, is flexible across industries (aiadions) contained in the databases underlying the
SAMs for each region and can be reaggregated fticpkr policy investigations to include specifegions and

industries of interest (where the total numberegfions/industries is constrained by computationakaerations).

For policy investigations related to energy anthelie-change mitigation, procedures are used tgriate
the relevant economic and energy data. AlthouglahaP and IMPLAN economic data contain informatmmthe
value of energy production and consumption in ds]lthese data are replaced with IEA and EIA dataéveral
reasons. First, when the policies being investijfdeus on energy markets, it is essential to theltihe best
possible characterization of these markets in tbdet) and the economic data do not always agrdeemiergy
information collected by IEA and EIA. Second, plegdiquantities of energy consumed are requireABAGE to
accurately estimate GHG emissions. IEA and EIA repbysical quantities, while the economic databakenot.
Finally, the economic data sources reflect they2801 and 2000, respectively, while the initiaddgear for
ADAGE is 2005. ThuswWorld Energy OutlookWEQ) andAnnual Energy OutlookAEO) energy production and

consumption, output, and economic-growth forecfst2005 are used to adjust the economic data.
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B.4 General ADAGE Model Structure

Figure B-3 illustrates the general framework of AGB, giving a broad characterization of the model an
associated elasticities of substitution (noted YAt the top level, households in each region mmeze
intertemporal utility, or their overall welfare,rass all time periods with perfect foresight. Witleiach time period,
intratemporal household utility is a function ofnsoimption and leisure. Below these utility funcipmdividual
consumption goods are formed from domestic goods@neign imports (plus regional domestic importdtie case
of theUS Regionamodule). At the bottom of the diagram, productiechnologies are specified that control how
inputs can be substituted for each other. Althoogfhillustrated in the figure, differences acrasdustries exist in
their handling of energy inputs, most notably betwelectricity generation and other manufacturimdystries. In

addition, agriculture and fossil-fuel industriesxtin equations that account for the use of natesdurce inputs.

As shown at the top of the figure, each region DAGE contains a representative household, which
maximizes intertemporal utility over all time pead®in the model subject to budget constraints based
endowments of factors of production (labor, capitatural resources, and land inputs to agriculpnaduction).
Income from sales of factors is allocated to puselsaof consumption goods and to investment. Wehih time
period, intratemporal utility is received by houskls from consumption of goods and leisure. Alldgmadncluding
total energy consumption, are combined using a dadlglas structure to form an aggregate consumgfomd.
This composite good is then combined with leisuretto produce household utility. The elasticitysabstitution
between consumption goods and leisuggjs controlled by labor-supply elasticities andigates how willing

households are to trade off leisure for consumption

Factors of production owned by households are asgumbe intersectorally mobile within regions, but
migration of productive factors is not allowed a&swoegions so that changes in utility for represtére households
located in each region can be calculdfeld has also been assumed in thiernationalandSingle Countrymodules that
the representative household in each country olmsatural resources located within it, as wellasapital stocks.

For theUS Regionaimodule, ADAGE assumes that ownership of capitalkst@nd natural resources is spread across

the United States through capital markets. Dynawicapital formation are controlled through quaidradjustment

14 Migration among nations and across regions ofthitged States is included in baseline forecasts.



costs associated with installing new capital (Uzal@69). These installation costs, which repretenfrictions or
additional costs associated with rapid increasésviestment, are based on Bovenberg and Gould@0§20

Figure B-3. Consumption, Trade, and Production Stretures in ADAGE
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In timet, household utility Utility, U
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As shown in the middle of Figure B-3, goods andises are assumed to be composite, differentiated

“Armington” goods (Armington, 1969) made up of ltigananufactured commodities and imported gobda/ithin

15 The one exception is crude oil, which is modele@ &#omogeneous good that is identical acrossgibbms and has the same
baseline price across all regions and modules (Etprice forecasts).
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this basic framework in ADAGE, some differencesoasrmodules exist to accommodate the fact thatggood
produced in different regions within the Unitedt8taare more similar than goods produced in diffenations. In
theUS Regionamodule, output of local industries is combined vgtods from other regions in the United States
using the trade elasticity,,, The high values for this elasticity indicates rtganake relatively little distinction
between output from firms located within their igiand output from firms in other regions of thetea States
(i.e., they find them to be close substitutes) sThodule then aggregates domestic goods with immfiantn foreign
sources using lower trade elasticitieg,J to capture the fact that foreign imports are ndifferentiated from
domestic output. Thiternational(and someSingle Country modules skip the interregional step but include a

aggregation across foreign supply sources.

Production technologies used by most industriesaasdciated elasticities are illustrated in thedmot
levels of Figure B-3. Within these technology coaisits, each industry maximizes its profits. Theted CES
structure of ADAGE allows producers to change #whnhology they use to manufacture goods. If, fangxe,
petroleum prices rise, an industry can shift awaynfpetroleum and into other types of energy. ft @so choose to
employ more capital or labor in place of petroletimus allowing ADAGE to model improvements in energ
efficiency. The ease with which firms can switchaam production inputs is controlled by the elatigsi of
substitution. Elasticities relating to energy cangtion are particularly important when investiggtenvironmental
policies. If, for instance, an industry is ablestdostitute away from energy with relative ease pifige of its output

will not change much when energy prices vary.

With the exception of electricity generation, trengral nesting structure of production activitied a
associated elasticities have been adapted frofrtiissions Prediction and Policy Analysis (EPPA) elod
developed at the Massachusetts Institute of TedgyaMIT), a well-known CGE model designed to invgaste
energy and GHG policies (Babiker et al. [2001])s€&chers at MIT derived their CES nesting strestand
elasticity estimates from a variety of empiricétlature, expert elicitations, and “bottom-up” evegring studies.
Figure B-3 shows broadly how these equations cbptaauction technologies. A capital-labor-energynposite
good (KLE) is combined with materials inputs to guoe final output. The assumption that this is darfexed
proportions (= 0) implies that businesses must either investane capital goods (i.e., new equipment) or hire

more workers to achieve energy efficiency improvetseThe elasticityx g controls these improvements by
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specifying how value added (the combination of zd@ind labor) can be substituted for energy. Tdteolm level in
Figure B-3 then determines how capital and labarlmasubstituted for each other and, in the othst, specifies

energy substitution possibilities.

Taxes have been included in ADAGE because of titieadrrole that the existing tax structure canypla
determining costs of a policy. If taxes drive a gedetween the cost of producing a good and tlee jpaid by that
good, producer and household behaviors are digtagteing rise to an excess burden beyond the teveaised by
the tax. Thdnternationalmodule incorporates taxes from the GTAP and IEfadand theSingle Countrynodule
include any tax rates from their data sourcestif®US Regionamodule, a variety of additional tax information
has been integrated with the IMPLAN economic datebacluding marginal income tax rates from theBRB
TAXSIM model. ADAGE also contains a user cost gbital formulation based on Fullerton and Roger9@)9
which estimates marginal effective capital tax sate a function of their important components, mosably

personal income and corporate tax rafes.

Distortions associated with taxes are a functiobhaith marginal tax rates and labor-supply decisafns
households. Thus, ADAGE includes a labor-leisurgiec—how people decide between working and leifiore.
Labor-supply elasticities related to this choicéed®mine, to a large extent, how distortionary taxesin the model.
Based on a literature survey by Russek (1996) atichates used in other CGE models, ADAGE uses @35
compensated and 0.15 for uncompensated labor-sefgsticities. These values give an overall matgreess
burden (MEB) of approximately 0.31 and a margiretof funds of around 1.22 in thiS Regionamodule,

measured at the baseline solution for the model.

In ADAGE, economic growth comes from four sourgggwth in the available labor supply (encompassing
both population growth and changes in labor prdditg}, capital accumulation through investmentrieases in
stocks of natural resources, and technological ghassociated with improvements in manufacturirdyearergy
efficiency. Labor force expansions, economic groxeties, and industrial output are based on IEAEAdforecasts.
Savings, which provide the basis for capital foliorgtare motivated through households’ expectatabwut future
needs for capital. The GTAP and IMPLAN datasetvioi® details on the types of goods and serviced tsproduce

the investment goods underlying each economy’sa&lagtocks. Dynamics associated with formationayfital are

18 Marginal income tax rates and industry-specificgizal capital tax rates are around 40 percent.
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controlled through the use of quadratic adjustneests associated with installing new capital (thegdy that real
costs are experienced in order to build and ins&N capital equipment). Expected changes in enayggumption per
unit of output are modeled as exogenous autonomoergyy efficiency improvements (AEEI). These AE&ils used
to replicate energy consumption forecasts by ingluestd type of fuel from IEA and EIA forecasts, wialso provide

the growth rates for electricity generation, natoeaource production, and energy prices.

Prior to investigating policy scenarios, a basetjimewth path is established for ADAGE that incoigtes
these economic growth and technology changes exghéztoccur in the absence of any new policy astion
Beginning from the initial balanced SAM datasetsteady-state” growth path is first specified fbeteconomy to
ensure that the model remains in equilibrium infetyears, assuming all endowments and output gtaw
constant rate. Next, this assumption of constamivir is replaced by forecasts from IEA and EIA. dpo
incorporating these forecasts, ADAGE is solveddneagate a baseline consistent with them, afterwihiis

possible to run “counterfactual” policy experiments

To investigate energy and GHG-emissions polictes ADAGE model tracks fuel consumption in physical
units (British thermal units or BTUSs), based on |&Ad EIA forecasts. Because £€missions from fuel use are
tied to combustion of fossil fuels, the model i¢eaio determine emissions levels in terms of milli@f metric tons
of carbon dioxide (MMTCG). Substitution options for and the costs of rejplg@nergy inputs to production are
controlled by the CES equations and substitutiastalities in the model. Households also have KHilgyato switch

fuels, lower overall consumption, and improve egerfiiciency.

ADAGE has also endogenized emissions abatemerd assbciated with five non-G@ases (Ckl N,O,
HFCs, PFCs, and gF based on the approach used in the EPPA modehéidyet al., 2002). Unlike GOthese
gases are not emitted in fixed proportions to eneomnsumption, making the modeling of abatementsco®re
problematic. Rather than relying on exogenous mafgibatement cost functions, which ignore intésastamong
the economic sectors, emissions of non,@&ses are modeled directly as an input to progluctihis allows
specification of abatement cost curves represeintishgstry-specific costs associated with achievaductions.
National baseline emissions of these gases arehathto EMF forecasts. Regional shares of EMF oonati

emissions for the United States are based on rabmuiput and consumption from the IMPLAN and El&tal
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