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INTRODUCTION

In responseto fears about the damages globa warming may causein the future, most
of theworld’ s nations signed the Kyoto Protocol in December 1997, agreeing to cap
human-induced emissions of carbon dioxide and other human-induced greenhouse
gasesin the United States and 37 other industrial nations beginning in 2008. At that
time, they left many details unresolved. Since then, the Bush Administration has
indicated it would not submit the protocol to the Senatefor ratification, and the other
partieshaveagreedto rulesfor implementation that will likely resultinamuch smaller
reduction in emissionsthan originally envisioned by the protocol.* Nonetheless, the
considerable volume of studies of the Kyoto agreement as originally intended may
have some lessons for any future attempts to limit greenhouse gases. This paper
reviews those studies in order to assess the economic cost of limiting greenhouse
emissionsthrough asystem of tradabl e emissions permitsand investigatestheimpact
of aternative rulesfor trading.

Economists have used a variety of models to estimate the costs of complying with
emissions caps. These models assume that a permit system would raise the cost of
goods or services that cause greenhouse gas emissions when they are either used or
produced. Carbon dioxidefrom the combustion of coal, oil and natural gas accounts
for the bulk of such emissions, so prices of energy and energy-intensive goods and
services would rise the most. The higher the price of such goods rose, the fewer of
them people would use, until emissions were reduced to the level of the cap.

This paper surveys and synthesizesthe predictions of several such economic models
of the cost of meeting the Kyoto caps. The models produce awide variety of cost
estimates, depending on many factors. The most important of those factors are
differencesintheamount of permit trading assumed and different model assumptions
about the sensitivity of energy usage to energy prices and the response of the
economy to higher inflation. In some cases, differences in the assumed path of
baseline emissions, the response of labor supply to the real wage, and the impact of
international capital flowsareasoimportant. All modelsaresimplificationsof redlity,
and thus to some extent make unrealistic assumptions— often different ones in
different models. However, by comparing model assumptions and results, it is
possible to assess the effect of those assumptions and to adjust for them. The
synthesis presented in this paper providesan integrated view that minimizestherole
of unrealistic assumptions, and thusgivesaclearer view of thelikely economicimpact
of aternative rules for permit trading.

1.  Congressional Budget Office, The Economics of Climate Change: A Primer (April 2003).
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Depending on how much permit tradingisallowed, awiderange of costsispossible.
Based on forecasts rel eased in 2000, gasoline pricesin the United States could be 12
to 38 centsper gallon (1997 dollars) higher in 2010 than they would without emission
limits, depending on trading rules. (Throughout this paper, prices are expressed in
1997 dollars. To convert 1997 dollars into 2002 dollars, multiply by 1.085.) The
priceof natural gasto households could be 13 percent to 42 percent higher, whilethe
priceof electricity to households could be 13 percent to 36 percent higher. Real GDP
in the United States under the protocol could be 0.5 percent to 1.2 percent lower in
2010 than otherwise, while real consumption could be 0.4 percent to 1.0 percent
lower. In every case, costs are smallest when no restrictions are imposed on
international permit trading. (Taking account of uncertainty widens the range of
estimates further.)

Although different rulesfor permit trading would have alarge impact on the cost of
emissions restrictions, they would have little impact on the environmental benefits,
that is, on the reduction in global emissions of greenhouse gases. In most cases,
restrictionslikethose specified in the Kyoto Protocol would reduce global emissions
of carbon dioxide in 2010 by about 6 percent from what it would otherwise be, or
from 40 percent above 1990 |evel sto 33 percent above 1990 levels. Onlyif countries
could not sell their excesspermits(permitsfrom acap in excessof baselineemissions)
would the reduction in emissions be larger. Unfortunately, costs are dso largest in
thiscase. Thus, one of the key findings of this paper isthat the United States would
be better off the fewer restrictions there were on international permit trading.?

If no trading were allowed at al, costswould rise well above thosein the worst case
scenario for the protocol. On the other hand, if developing and newly developed
nations accepted caps on emissions, essentially creating aglobal market for permits,
costs could be reduced to half of what they would be under the best case scenario for
the Kyoto Protocol.

The distributional impacts of restrictions on greenhouse emissions could be large.
Suchlimits, if implemented through permits, would essentially transfer incomefrom
energy users to permit recipients. (If the permits are auctioned by the government
and the revenues recycled as tax cuts or transfer payments, then the recipients are
those people who receive the tax cuts or transfers.) To the extent that the users are
the same as the recipients, there is no net redistribution. However, the amount at
stake is potentially large: depending on the amount of permit trading allowed, the
value of permits used in the United States would be between 0.9 percent and 2.0
percent of GDP in 2010.

2. This finding assumes that there are no additional benefits to reducing greenhouse emissions beyond
changesin global climate.



In the interest of simplicity, the models, and thus the model synthesis, leave out
certain aspects of the possible costs of emissions caps. For example, most models
assumethat energy usagewill declineinthefuture by the same percentage amount for
a given percentage increase in energy prices as it has in the past. However,
opportunitiesto reduce energy usage today may be either more or less abundant than
in the past. In addition, the models assume that emissions can be monitored and
permits transacted at no cost, and that countries do not cheat. Also, the models do
not estimate how much costs could be reduced by substituting new forest growth for
the most costly reductions in emissions.

The estimates in this paper are based on projections of emissions and energy prices
released by the U.S. Department of Energy’s Energy Information Administration
(EIA) in2000. In morerecent projections, EIA hasraised itsforecasts of both energy
pricesin the United States and emissions in most signatories of the Kyoto Protocol.
Those upward revisionswould increase the adverseimpact of the protocol on energy
prices, GDP, and consumption, but also would increase the impact on emissions.
However, the comparative impacts of restrictions on permit trading or of a global
market for permits would be similar.

This paper looks only at the costs of emissions restrictions like those in the Kyoto
Protocol and their effect on global emissions. A full evaluation of the treaty would
al so assessthe sciencethat underliestheclaim that asignificant risk of global warming
exists, and the benefits of lower emissions. Such an assessment, however, isbeyond
the scope of this paper.



CHAPTER 1
THE KYOTO PROTOCOL

In December 1997, most of the world's nations signed a draft treaty—the Kyoto
Protocol—that would limit human-induced emissions of greenhouse gases in the
United States and 37 other industrial nations (listed in Annex B). Other signatories
do not face any limitations under the protocol. Instead, they may undertake joint
abatement projects with other industrial countries, thereby providing the latter with
credit against their national limitsin exchange for afee or other compensation. The
protocol enters into force 90 days after 55 signatories have formally ratified it,
provided those signatories include nations that emitted at least 55 percent of Annex
B’ scarbondioxidein 1990. Thus, the protocol cannot go into effect unlesseither the
United States or Russiaratifiesthe protocol, since those two countries accounted for
about half of Annex B’s carbon dioxide emissionsin 1990.

Recent devel opments suggest that amuch morelimited version of thisagreement may
soon take effect. In early 2001, the Bush Administration indicated that it would not
continue to negotiate the terms of the protocol or submit the protocol to the Senate
for ratification. In November 2001, the other parties agreed to allow some credit for
existing forests, effectively easing the emissions limits. The European Union and
Japan ratified the protocol in 2002. Asof March 2003, ratification by Russiawould
bring the treaty into effect within the countries having ratified it.?

The Kyoto Protocol covers the six main types of greenhouse gases stemming from
human activity: carbon dioxide, methane, nitrous oxide, and threekinds of synthetic
gases—hydrofluorocarbons, perfluorocarbons, and sul phur hexafluoride. Thetreaty
uses the “global warming potential” of each gas—a measure of its contribution to
global warming—to trandlate the raw weight of its emissions into an equivaent
weight of carbon dioxide. By convention, scientistsfurther translate that equivalent
weight of carbon dioxide into the weight of its carbon alone. For that reason, this
paper reports emissions in metric tons (tonnes) of carbon (mtc).

Thetreaty restrictions apply to net emissions, so acountry can receive credit for the
carbon dioxide removed from the air by the net growth of forests that meet certain
gualifications. To qualify as a Kyoto forest, a woodland must result from human
intervention since 1990. However, the signatories have held widely divergent
opinions asto what should count under thisprovision. A key point of contention has
been how much credit should be given for “existing effort,” or forest growth that

3. Thisinformation, along with further details on negotiations subsequent to the Kyoto Protocol, can be
found in Congressional Budget Office, The Economics of Climate Change: A Primer (April 2003), pp.
47-48.



would have occurred whether the protocol were ratified or not. In November 2001,
the remaining parties to the protocol agreed to grant each participant a specified
creditfor existing effort. Granting credit for existing effort reducesboth the costsand
the benefits of the protocol.

For each of the countrieslisted in Annex B, the protocol specifies acap on average
net emissionsduringacommitment period. Capshavebeen specified only for thefirst
commitment period—thefiveyearsfrom 2008 through 2012. Each country’ scap for
that period is an agreed percentage of itstotal benchmark year emissions. For most
countries, the benchmark year is1990. Some eastern European nationsare given the
option of using adifferent year, and 1995 isthe benchmark year for somegases. The
United States agreed to a cap of 93 percent of 1990 emissions. As a whole, the
Annex B capisroughly 95 percent of 1990 emissions.* The protocol does not specify
caps beyond 2012.

Under thetreaty, each Annex B nation receivestradable allowances, or permits, that
certify the right to release greenhouse emissions up to its respective allowable total
for the commitment period. The permits may be distributed any way the country
chooses, and they may be bought and sold, at home or abroad. In addition, acountry
can receive tradable credits for verified greenhouse abatement that it realizesin a
country outside of Annex B through the Clean Development Mechanism (CDM).
Any permits not used or sold may be banked for usein afuture commitment period.

One of the most important details left unresolved by the protocol is how much
international permit trading it allows. Thetreaty merely statesthat “trading shall be
supplemental to domestic actions for the purpose of meeting quantified emission
limitation and reduction.”  The parties have never decided how much
“supplementarity” should bealowed. A restrictive set of rulesontrading of permits
would have amajor impact on the protocol’ s cost.

This paper assesses the potential economic costs to the United States of reducing
emissions under several scenarios consistent with the Kyoto Protocol as originaly
negotiated. Lowest costs prevail under “ideal implementation,” in which:

* no cartel manipulates permit prices for its own advantage;

» the provisions for CDM work as intended;

* no restrictions are placed on permit trading; and

4. A cap of 92 percent of benchmark year emissions was individually and collectively agreed to by the
European Union and its members: Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden, and United Kingdom. Other countries
agreeing to a 92 percent cap included Bulgaria, Czech Republic, Estonia, Latvia, Liechtenstein,
Lithuania, Monaco, Romania, Slovakia, Slovenia, and Switzerland. Thefollowing list containsthe other
Annex B countries (and the limits they agreed to as percentages of benchmark year levels): Australia
(108), Canada (94), Croatia (95), Hungary (94), Iceland (110), Japan (94), New Zealand (100), Norway
(101), Poland (94), Russia (100) and Ukraine (100).
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» caps apply to all greenhouse gases.

Costsrise as, one by one, these assumptions are changed. First, a cartel of former
Soviet bloc nations acts to restrict permit supply. Next, the provisions of the CDM
fail to work asintended. Then restrictions on each country’ s permit sales are added.
Asanalternative, restrictionsare placed on each country’ spermit purchases. Finaly,
only carbon dioxide is capped; other greenhouse gases remain unregulated. This
paper al so assesses costsintheillustrative casesof nointernational permit tradingand
of an amended Kyoto Protocol in which all countries accept emissions caps.



CHAPTER 2
ECONOMIC MODELSEXAMINED IN THIS SURVEY

The economic models surveyed in this paper treat the economy as an interactive
system. Impactsbeginintheenergy sector, whererestrictions on emissionsboost the
priceof energy, reducing the amount of energy used in therest of theeconomy. This
in turn affects businesses' investment and hiring decisions. To the extent that gross
domestic product (GDP) falls in response, demand for energy declines further.
Economic models are designed to capture these and other interactions among the
various sectors of the economy. In that sense, they differ from purely technology-
based models, which focus overwhelmingly on the energy sector.

While most of the economic models surveyed base projected responses of energy
usersto changesin prices on past responses, several also incorporate choices among
specific technologies, especially in electricity generation. In such models, electric
utilities are assumed to choose the mix of technol ogies that meets empirically-based
demand for electricity at the lowest cost.

Eleven of the models surveyed in this paper were used during Round 16 of Stanford
University's Energy Modeling Forum (EMF-16), which examined the potential
economicimpact of the Kyoto Protocol (see Table2-1). Those studiesare published
in a specia issue of the Energy Journal.®> (That issue contains descriptions of the
models.) This survey also includes the results of four other models frequently cited
in discussions of the costs of reducing greenhouse gas emissions.®

| generally follow the M odeling Forum's convention of referring to the studies by the
name of the model that each study uses. In the case of studies produced by private
forecasters-DRI, Oxford and WEFA—-themodel isnamed for theinstitution producing
the study. The Energy Information Administration (EIA) uses its own model
(NEMS) for energy sector results but usesthe DRI model for economy-wide results.
| denotethiscombinationasEIA. Studiesprepared by the Clinton Administrationand
by Battelle Pacific Northwest National Laboratory both use the SGM model. These
studies are referred to as SGM-Administration and SGM-PNNL, respectively.

5. Weyant, John P., ed., The Costs of the Kyoto Protocol: A Multi-Model Evaluation, Special Issue of the
Energy Journal (Cleveland, OH: Energy Economics Educational Foundation, Inc., 1999).

6.  Council of Economic Advisors, The Kyoto Protocol and the President’s Policies to Address Climate
Change (July 1998); Energy Information Administration, Impacts of the Kyoto Protocol on U.S. Energy
Markets and Economic Activity (October 1998); Standard & Poor’s DRI, The Impact of Meeting the
Kyoto Protocol on Energy Markets and the Economy (Lexington, MA: Standard & Poor’s DRI, 1998);
WEFA, Inc., Global Warming: The High Cost of the Kyoto Protocol, National and State Impacts
(Eddystone, PA: WEFA, Inc., 1998).



A key difference among the modelsisthat some use ageneral equilibrium structure,
while others use amacroeconometric structure. General equilibrium modelsassume
that the labor market is aways in equilibrium, meaning that any worker willing to
work at the going wage can awaysfind ajob. Inthose models, monetary and fiscal
policies can affect output only by changing worker productivity or labor supply.
Macroeconometric models, by contrast, assume that some unemployment is
involuntary. These models |eave scope for policy to affect output through changes
in the utilization of labor and capital. The AIM, CETA, EPPA, GTEM, JWS,
MERGE, MS-MRT, RICE, SGM and WorldScan models assume a generd
equilibrium structure, while DRI, EIA, Oxford and WEFA use macroeconometric
models. The G-Cubed model uses a hybrid of these two structures.

Not surprisingly, different models have different strengths and weaknesses. Models
that make seemingly unrealistic assumptionsin one sector are sometimes better than
other modelsin representing reality in another sector. In addition, assumptions that
are unredlistic to use in analyzing the impact of emissions restrictions on the
macroeconomy over aten-year horizon may producerealistic resultswhen applied to
another policy or over alonger time horizon.

The Kyoto Protocol specifies that average annual emissions during the 2008-2012
commitment period should equal specified limits, unless emissions credits are
“banked” for usein later periods. Several modelssimply assumethat the capsarefor
2010, and all modelsassumethereisno banking of permits. To ensure comparability
among studies, | focus on results for 2010 and assume no banking of permits.
Banking of permitswouldincreasetheimpact of the protocol on energy pricesduring
2008-2012, but would reduce it in later years.

Thestudy using the IWSmodel doesnot use the emissionscap specifiedinthe Kyoto
Protocol, but rather areturn to 1990 emissions levelsin 2010. While the properties
of this model are incorporated into the model synthesis estimates, results from the
study that depend on meeting its looser emissions caps are not presented.



CHAPTER 3
PERMIT PRICESUNDER THE KYOTO PROTOCOL

Asoriginaly intended by U.S. negotiators, the Kyoto Protocol would limit emissions
of greenhouse gases by Annex B countries by creating asystem of tradeable permits
that firmswould berequired to hold in order to produce energy from coal, natural gas
or petroleum, or to engage in any other activity that produces greenhouse gases.
Whether firms purchased permits or received them without charge, the permit price
would eventually be passed along to users of energy from fossil fuels and to final
purchasers of any other goods or services produced by emitting greenhouse gases.’
In the end, those higher prices would reduce demand for goods and services that
produce greenhouse gases.

Several studies have used economic modelsto analyze theimpact of asuch asystem
of tradeable emissions permits on the economy (see Box 2-1). These models
incorporate interactions between the energy sector, which is responsible for most
greenhouse gas emissions, and the rest of the economy. Most of the models assume
that energy users respond to changesin the price of energy in the same way that they
have in the past.

Thestudiesencompassawiderangeof outcomes. Differencesin outcomesstemfrom
differences in assumptions about the implementation of the permit system, the
operation of the economy, and the response of consumers and businesses to higher
energy prices. In general, the fewer the restrictions on permit trading and the more
sensitive energy users are to energy prices under the protocol, the lower the permit
price and the smaller the impact on the economy.

Synthesizing results from severa studies, permit prices under the Kyoto Protocol
could range from $56 per metric ton of carbon to $178 per metric ton in 2010 (in
1997 dollars), depending on how the protocol was to be implemented.? (Appendix
B explains how the synthesis results were constructed.) Uncertainty about the size
of consumer and business responses to higher energy prices raises the range to $41
to $226 per metric ton of carbon (mtc). Those estimates assume that permits could
be traded among industrial countriesin Annex B and that the protocol was effective

7. Evenif abusiness received permits free of charge, it would still set prices as if it had paid for the
permits. By using the permits, the business foregoes the revenue it could have received from selling the
permits, and it will charge its customers a higher price to cover this foregone opportunity.

8. To translate permit prices into more familiar terms, 426 gallons of gasoline contain a metric ton of
carbon, so each $100 risein permit prices adds $100 per 426 gallons, or 23.8 cents per gallon, to the price
of gasoline. The actual increase in gasoline prices will be somewhat smaller, because crude oil prices
and refining margins will fall. For further details, see the section on energy prices.
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in reducing global emissions. If such trade were prohibited, permit prices could be
substantially higher, while permit prices could belower if the protocol were amended
to include countries outside Annex B. If Annex B countriesreceived full credit for
greenhouse gases absorbed by forest growth and other land use changes, permit prices
would be zero in 2010, but the protocol would have no effect on emissions.

As discussed in the introduction, synthesis estimates of permit prices are based on
projections of emissions and energy prices released by the Energy Information
Administration (EIA) in 2000. More recent projections of emissions and energy
pricesarehigher, meaning that updated synthesi sestimates of permit priceswould be
higher in every scenario.

KEY DETERMINANTS OF PERMIT PRICES

Permit prices will depend primarily on three factors. the required reduction in
emissions; the response of households and businesses to an increase in prices of
greenhouse gas-rel ated goodsand services; andtheleve of such pricesinthebaseline.
A fourth factor, the effect of the Kyoto agreement on gross domestic product (GDP),
isof littleimportance: even studies that find large GDP |osses estimate that |ower
GDP would produce less than one-seventh of the required reduction in emissions.

Required Reduction in Emissions

The required reduction in emissions can have asignificant impact on permit prices.
TheKyoto agreement woul d reduce emi ssionsbecausethe permitswouldincreasethe
cost of using carbon-energy and goodsand services produced using other greenhouse
gases. (Following Nordhaus and Boyer, this paper usestheterm “ carbon-energy” as
short-hand for energy from coal, natural gas and petroleum.) Not surprisingly, the
larger the required reduction in emissions, the higher the permit price would haveto
be.

When permits can be traded across borders, the international market determines the
permit price in each country unless limits are placed on purchases of permits. So,
withinternational trade of permits, the percentagereductioninemissionsintheentire
trading bloc, and not just in the United States, determines the permit price. Thisis
truefor any commodity that istraded internationally. For example, the priceof crude
oil in the United States plunged in 1998, even though U.S. consumption rose and
production fell, because the price of oil is determined in a global market, and the
Asian crisis reduced globa demand for oil.

10



Although the studies present a range of estimates, they agree that the percentage
reduction in emissions for the United States without trading would be much larger
than the percentagereductionin Annex B or global emissionswithtrading. If permits
could not be traded and the cap applied only to carbon dioxide, the United States
would haveto reduce domestic emissionsby 30 percent to comply with theemissions
caps specified in the protocol, according to estimates released in 2000 by EIA (but
not reflected in the model results).® However, carbon emissionswould haveto be cut
by only 12 percent in the Annex B region if permits were freely traded within that
region. If permitsweretraded globally, world emissionswould haveto becut by only
6 percent. The models make qualitatively similar assumptions (see Table 3-1).

The Kyoto caps are easier to reach with trade for two reasons. Firgt, the portion of
the U.S. cap attributable to carbon emissionsin 1990 is set 7 percent below those
levels, while the portion of the cap for the other Annex B countries attributable to
carbon emissionsin 1990 averages only about 3 percent below thoselevels. Second,
and more important, carbon emissions are expected to grow more slowly between
1990 and 2010 in other Annex B countriesthanin the United States. That projection
stemspartly from the expectation that economic activity inthe countries of theformer
Soviet Union will still be below 1990 levels in 2010. In addition, because the
communist governmentsin theformer Soviet bloc subsidized fossil fuel sheavily and
encouraged excessive use, those countries are expected to cut back their use of fossil
fuels as they continue their transition toward market economies. Already, carbon
emissions per dollar of GDP in Eastern Europe have fallen at aimost a 5 percent
annual rate from 1990 to 1999. Over the next decade, EIA expectsrapid declinesin
energy intensity to continue in eastern Europe, and to spread to the former Soviet
Union.*°

A few provisions of the Kyoto Protocol can cause Annex B emissions of carbon
dioxide to diverge from the portion of the caps attributable to 1990 emissions of
carbondioxide. First, Annex B countriescan get credit for certain reductionsin non-
Annex B emissionsunder the Clean Devel opment Mechanism (CDM). Second, since
the Kyoto caps include all greenhouse gases, reductions in emissions of other
greenhouse gases (like methane and nitrous oxide) below the caps can be counted
toward a country’s obligation to reduce carbon emissions. Finally, countries can
receive credits for forest growth. To the extent that countries get credits for forest
growth that would have occurred even without the protocol, such credits reduce the
environmental benefits of the protocol as well as its economic costs.

9.  Energy Information Administration, International Energy Outlook 2000, DOE/EIA-0484 (March 2000).
According to the 2002 projection, required reductions in emissions would be larger for both the United
States and for the rest of Annex B.

10. Energy Information Administration, International Energy Outlook 2000.
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Because of questions about how those provisions for the CDM and offsetsfor other
gases and forest growth would be implemented and enforced, many model ers do not
includeimpactsfromthem. TheClinton Administration assumed larger benefitsfrom
these provisions than any other researchers, which is one reason why the
Administration’ s estimate of the cost of the Kyoto Protocol is more optimistic than
those of most other modelers.

Price Sensitivity of Emissions

How high must permit pricesriseto producetherequired declinein carbon emissions?
The answer will depend on how much households and businesses respond to an
increaseinthepriceof carbon-energy. Thelarger their response, thelower the permit
price would have to be to achieve the Kyoto caps.

The sensitivity of households and businesses to the price of carbon-energy varies
significantly among the models, and it is the most important source of differences
among themodel s estimates of the permit price. For very small changesinemissions,
the price sensitivity of a model can be measured approximately as the percentage
changein carbon emissions per GDP produced by aone percent increasein the price
of carbon-energy. For the United States, estimates of price sensitivity in 2010 differ
by afactor of four among the models when there is no international permit trading
(see Table 3-2).

Four factors caninfluencethe price sensitivity of carbon emissionsat agivenpointin
timein any country: thelong-run ability of businessesto substitute |ow-carbon fuels
for high-carbon fuds; thelong-run sensitivity of household and businessenergy usage
to higher energy prices; the speed at which these long-run responses occur; and
differences in these reactions between countries. The models make a variety of
different assumptions about each of these factors. (In addition, the price sensitivity
for emissionsof other greenhouse gasesmay differ fromthat for carbondioxide. Only
two studies, by the Clinton Administration and the EPPA modelers, ook at this
issue.)

Substitution Among Fuels. Oneway businessesand househol dscan respond to higher
costs of emitting carbon is by substituting low-carbon or no-carbon fuels for high-
carbon fuels. Electric generators would make most of these substitutions, replacing
coal with other fuels. In fact, fuel substitution by electric generators alone can
account for between 24 percent (in DRI's 1997 study) and 48 percent (in EIA’s
study) of the total reduction in emissions.

The amount of fuel substitution can differ among models for many reasons. First,
models may differ on the permit price at which a technology that uses less carbon
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becomes economical and ontheavailability of that technology. Unfortunately, many
modelsimplicitly assumeunrealistically largeincreasesin nuclear and hydroelectric
power, given thehigh cost and political difficultiesof new nuclear plantsand thelack
of potential new dam sites. On the other hand, some models assume that utilities
retire existing nuclear plants at the rate currently anticipated no matter how high
permit prices go.** Assumptions about nuclear and hydro power can cause permit
pricesto vary by nearly 30 percent.

Second, some models assume that capital and labor can somehow be substituted for
fossil fuels in the production of fossil-fuel energy—an assumption that seems
implausible. For example, some models alow petroleum refiners and natural gas
utilitiesto substitute labor and capital for petroleum and natural gas. In other words,
those models assume that refiners would be able to reduce the amount of crude oil
required to produce a gallon of gasoline by using more labor and capital.®> This
assumption can play asignificant roleintheanaysis; inonecase, it reduces estimated
permit prices by more than 15 percent.

Third, emissionsfrom coal, petroleum and natural gasin some modelsfall by amuch
larger percentage than actual combustion of thesefuels.*®* Thisassumption can cause
permit prices to be understated by 15 percent.

Long-Run Sensitivity of Overall Energy Demand. Househol dsand businesseswould
alsoreduceoverall energy demand asenergy pricesrose. Businesseswould substitute
capital and labor for energy (factor substitution), while householdswould substitute
purchases of other goods for energy.** Many of these responses would only occur
slowly over time. For example, many households and businesses would upgrade to

11. TheEPPA, G-Cubed and WS modelsimplicitly assumeunrealisticincreasesin hydroel ectric and nuclear
power. The DRI, GTEM and WEFA models assume that nuclear plants are retired at baseline rates no
meatter what the permit price. AIM, OEF, MERGE, CETA, RICE and WorldScan do not have separate
electricity sectors, so it isimpossible to know if their implicit assumptions are realistic or not.

12.  Unredlistic substitution of capital and labor for crude oil and natural gas only affects permit prices if
emissions are assumed proportional to usage of fossil fuels, as in the AIM and SGM models. Such
unrealistic substitutions do not affect permit prices in models that assume emissions are proportional to
refined petroleum products and utility natural gas, such as EPPA, G-Cubed, GTEM and JWS.

13. The G-Cubed and SGM models assume that emissions are proportional to gross sales of the coal mining
and oil and gas extraction industries, rather than to the net sales of these industries. For example,
emissions from coal are assumed proportional to gross sales of coal and coal mining services, including
salesof coal and coal mining servicesfrom one company to ancther. These modelsalso assumethat such
intra-industry sales fall by alarger percentage than net sales of coal to industries that will actually burn
the coal. Thus, estimated emissions from coal fall by alarger percentage than actual coal usage.

14. Theoveral capital intensity of the economy would nonetheless fall. First, businesses would substitute

labor for capital, which is produced using energy, as well as capital and labor for energy. Second, the
amount of capital used in the energy sector would shrink with the size of that sector.
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more fuel-efficient appliances and equipment only when the existing items would
normally be replaced.

Most of the model sbase their expectations of how energy userswill react to changes
inenergy pricesfrom studiesabout how businessesand consumershavereactedinthe
past. Because the large price changes of the 1970s and early 1980s produced
disproportionately small changes in usage, most models assume that energy users
would respond relatively modestly to changes in energy prices.

Threemodel s-G-Cubed, RICE, and WorldScan—assume, for analytical convenience,
much larger responses to changes in energy prices, without, however, claiming an
empirical basisfor thisassumption.”® The use of demand responses out of line with
the empirical literature has a larger effect than any other unrealistic assumption,
reducing the permit price by 30 percent in the model requiring the smallest
adjustment, G-Cubed.

Expectations and Speed of Adjustment. The longer it takes for businesses and
households to reduce their energy usage and make fuel substitutionsin response to
higher carbon-energy prices, the higher energy prices would have to rise in 2010 to
achieve agiven percentage reductionin emissions. The speed of adjustment can be
measured by comparing the price sensitivity in 2010 withthat in 2020; thesmaller the
ratio, the more slowly households and businesses cut emissions (see Table 3-2).

M ost model s assume businesses would respond gradually, reflecting the fact that an
industry can achieve many reductionsin energy usage per dollar of output only asit
turns over its capital stock. In general, differences in techniques for modeling this
gradual response do not appear to have significant effects on the estimates of permit
prices.

Some models (CETA, JWS and RICE), however, assume immediate adjustment.
Thesemodel sassumethat busi nessescan, for example, instantaneoudy transform coal
mines into energy-saving industrial equipment, or immediately make existing
equi pment more energy efficient. In such models, the price sensitivity isroughly the
same in 2010 as it is in 2020. This observation aso applies to Oxford and
WorldScan, which assume that all adjustments to changes in energy prices are
complete by 2010.

15. These models assume a unit elasticity of demand for energy—that is, the percentage change in energy
demand isroughly the same (but in the opposite direction) as the percentage changein real energy prices.
In the G-Cubed model, this assumption affects only final demands. Inthe RICE and WorldScan models,
a Cobb-Douglas production function (with a unit elasticity) is used to derive energy demand throughout
the economy.
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The date when people begin to anticipate higher energy prices can also affect the
permit price. Other things equal, the longer it takes for a policy change to be
announced or ratified, the more slowly people will respond to it. For example, the
EIA study that assumes people begin to respond in 2000 finds lower permit prices
than the EIA that assumes people begin to respond in 2005.

Speeds of adjustment are abig factor accounting for differences among the models.
The long-run price sengitivity in the EIA study appears to be only about 10 percent
smaller than that of studies using the SGM model, such as that of the Clinton
Administration. A more rapid speed of adjustment inthe SGM model thus explains
most of the differencein permit prices between the EIA and Administration studies.

Price Sensitivity in Other Countries. When permits can betraded acrossborders, the
U.S. permit priceis determined by the price sensitivity of carbon emissionsinall the
countries trading permits, not that just in the United States.

M ost model sassumethat other countrieswould belesssensitiveto energy pricesthan
the United States (see Table 3-3). Within the Annex B region, other countries
generatealarger percentageof their electricity from nuclear and hydroel ectric sources
than from fossil fuels. As a result, those countries have fewer opportunities for
substituting fuels than the United States. And outside of the Annex B region, other
countrieshave not fully demonstrated their ability to use aprice mechanismto reduce
their energy usage. Asaresult, emissionsinthosecountriesmay not respond asmuch
to higher prices for carbon-energy asin Annex B countries.

Basdline Price of Carbon-Enerqy

The higher the baseline price of carbon-energy, the higher the permit price must be
to achieve agiven percentage increase in energy prices, for agiven price sensitivity
(see Table 3-4). The price of carbon-energy is an aggregate of the price per ton of
carbon for each type of carbon-energy, such asgasoline, electricity fromfossil fuels,
and residential natural gas.

The models generally project that the baseline price of carbon-energy would be
somewhat lower for theoverall Annex B regionthanfor the United States(see Tables
3-4 and 3-5).%° That result stemsfrom low baseline pricesin the former Soviet bloc.
Although baseline prices are higher in Japan and western Europe than in the United
States, these countrieswoul d reduce emissionsmuchlessthan theformer Soviet bloc,
and thus recelve a smaller weight.

16. Theonly model for which thisisnot true, Oxford's, does not include eastern Europe or the Ukraine, and
thus gives a smaller weight to the countries of Annex B with low baseline prices of carbon-energy.
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Thebaselinepriceof carbon-energy isquiteabitlower in non-Annex B countriesthan
inthe Annex B region. The main reason is these countries’ greater dependence on
coal-based energy, which is much cheaper than energy from petroleum and natural
gas.

MODEL ESTIMATES OF PERMIT PRICES

Although the studies produce a wide range of estimates for the price of emissions
permits, the studies unanimously agree on one point: trading permits across borders
will lower their priceinthe United States. A corollary to thispoint isthat restrictions
on trading boost the permit price.

No International Trade of Permits

Although the Kyoto Protocol envisionsinternational trade of permits, assuming no
trade providesauseful benchmark. Under thisscenario, themodelsfind awiderange
of permit pricesin 2010, from $91 per metric ton (in 1997 dollars) in the G-Cubed
study to $407 in the Oxford study (see Table 3-4). The average permit priceis $246
per metric ton, while the median priceis $232.

Although many factorsinfluence permit prices, variationsin the model s assumptions
about price sensitivity account for most of the differencein the estimates. Estimates
of pricesensitivity vary nearly four-fold acrossthemodels. Modelswith lower-than-
average permit prices generally make assumptions that overstate price sensitivity,
while some of the model swith higher-than-average permit prices make assumptions
that understate price sensitivity (see Appendix B). On average, assumptions
overstating price sensitivity outweigh those understating it, thus reducing estimates
of the permit price.

The other determinants of permit pricesarelessimportant. AsTable 3-1 shows, the
studiesarereasonably consistent intheir assumptionsabout how much U.S. emissions
would haveto bereduced if permit trading were not allowed. Although assumptions
about the baseline price of carbon-energy also affect the permit price, they vary less
among model sthan those about price sensitivity and so explain|essof thedifferences
in permit price among the models.

Studies that assume the United States can use forest growth and reductionsin other
greenhouse gases to offset carbon emissions find lower permit prices, other things
equal. For example, the EIA study estimates that the permit price would fall from
$355 to $300 per metric ton if the United States could use forest growth or
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reductionsin other greenhouse gasesto meet the Kyoto cap. Because businessesand
consumers do not need to reduce energy usage as much in this case, the protocol can
be satisfied with alower permit price.

Unrestricted Trading of Permits Among Annex B Countries

The Kyoto Protocol envisions permit trading among Annex B countries, and every
study cited in this paper finds that trade lowers permit prices in the United States.
According to the studies, permit priceswould range from $24 per metricton (in 1997
dollars) to $222 per metric ton, compared with a range of $91 to $407 without
trading (see Table 3-5). Permit prices are lower in the United States when permits
can be traded among Annex B countries because the overall Annex B emissions cap
iseasier to hit thanthe U.S. cap alone. So, other Annex B countrieswould bewilling
to sell permitsto the United States at prices lower than the U.S. no-trade price.

Much of the variation among studies stemsfrom differencesin price sensitivity. For
example, the Oxford study predicts a permit price about nine times as large as the
WorldScan study, even though both studies assume Annex B must cut carbon
emissions by 21 percent. Almost al of the difference stems from different
assumptions about how sensitive energy users are to changes in prices. The
WorldScan study assumes energy users are unusually sensitive; as a result, only a
small permit price is needed to induce them to make large cutsin their energy use.
(In addition, the WorldScan study assumes a somewhat lower baseline price of
carbon-energy.)

However, unliketheno-trading scenario, differencesin assumptionsabout how much
emissions must be reduced to meet the Kyoto Protocol are also important. Models
disagree about both how far baseline emissionswill be above Kyoto capsin 2010 and
what role offsetsfrom CDM, forest growth and cutsin other gaseswill play. The cut
in carbon emissions varies from 8 percent to 21 percent among the studies.

M odel s that assume higher baseline growth in emissions, and thuslarger percentage
reductions in carbon emissions, estimate higher permit prices, given the same price
sensitivity. For example, SGM-PNNL and GTEM assumesimilar pricesensitivity for
Annex B, but SGM-PNNL assumesasmaller percentagereductionin emissionsthan
GTEM and thus estimates a lower permit price.

Models assuming offsets from CDM, forest growth and cuts in other gases find, on
average, lower permit prices than those that do not. The impact of offsetsis largest
in the Clinton Administration study. The Administration assumed lower non-CO,
greenhouse gases in the former Soviet bloc and very high price sensitivity for these
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gases at low permit prices. These assumptions make the capsfor these gases easier
to reach.

Unrestricted Global Trading of Permits

Amending the Kyoto Protocol to include non-Annex B countries would further
reduce the permit price. According to the models, priceswould range from $13 per
metric ton (1997 dollars) to $80 per metric ton with unrestricted global trading of
permits, compared with arange of $24 to $222 with only Annex B participation (see
Table 3-6). (The range of prices under global trading may be artificially narrow
relative to the non-global trading range, because the studies with the highest and
lowest prices under Annex B trading did not examine the effects of global trading.)

With global trading of permits, the permit price would be determined by worldwide
supply and demand for permits. The worldwide percentage reduction in carbon
emissionsunder global trading would be smaller than the percentagereductioninthe
carbon emissions of Annex B under Annex B trading. Global trading would spread
the Annex B reduction over a broader base, which lowers the percentage reduction.
Inaddition, baseline pricesfor carbon-energy averagelower in non-Annex B countries
thanin Annex B countries. Asaresult, most model sfind that emissionswouldfall by
alarger percentage in non-Annex B countries than in Annex B countries, given the
same permit price. The exceptions are those models that assume lower price
sensitivity in non-Annex B countries.

Permit pricesvary among models because of differencesin percentage reductionsin
emissions, baseline prices of carbon-energy and price sensitivity of users. Not
surprisingly, the RICE model, which has the smallest percentage reduction in
emissions, the third-highest price sensitivity anong Annex B energy users, and the
lowest baseline price of carbon-energy among non-Annex B countries, hasthelowest
permit price. By contrast, the MERGE model hasthe |east responsive energy users,
and the highest permit price.

Most studies assume that the caps for non-Annex B countries would be set equal to
projected baseline emissions in those countries. (The exception is the MS-MRT
model, which assumes that the non-Annex B countries must be given permitsin
excess of their baseline level of emissions to induce them to participate. This
assumption reducesthe permit price, but a so trimsthe global reductionin emissions
from what it would be if the non-Annex B capswere set at projected baseline levels
of emissions.) If caps for non-Annex B countries were set lower than projected
baseline emissions, both the permit priceand thereductionin global emissionswould
be higher.
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Limitations on Permit Trading

While the Kyoto Protocol envisions permit trading among the Annex B countries, it
does not rule out the possibility that trade could be limited by regulation or strategic
behavior. Those limits could include restrictions on the purchases of permits by
permit-importing countries, controls on sales of permits by permit-exporting
countries, and the exercise of market power by permit-exporting countries.'’ The
models generally agree that limiting free trade would raise the permit price.

Restrictionson Permit Purchases. Restrictingthenumber of permitsthe United States
could purchase from other countries would boost permit prices in the United States
and in other countries facing the same situation.*® But, permit prices would fall in
other (unrestricted) countries, due to lower demand for permitsin the international
market.

With binding restrictions on permit purchases, the advantages of global trading of
permits would nearly disappear. The United States would be unable to take
advantage of the lower global price of permits to buy more permits. The domestic
permit pricewoul d be determined by thetightness of therestriction, rather than by the
international permit price. The only remaining advantage would be that a lower
international permit price would reduce the cost of purchasing the fixed number of
permits allowed.

Although several studies mention the possibility of restricting purchases, only three
examinethepotentia implication of hypothetically restricting each Annex B country’s
permit purchases to roughly one-third of the difference between its caps and its
baselineemissions.”® Studies usingthe MERGE and MS-MRT modelsindicate that
such arestriction would boost U.S. permit pricessignificantly. The MS-MRT study
finds that it would boost the U.S. permit price to $166 per metric ton of carbon (in
1997 dollars), from $94 per ton under unrestricted Annex B trading. Starting from
unrestricted global trading, the M ERGE study finds that restrictionswould boost the
U.S. permit price from $80 to $167 per metric ton of carbon.

17. Modelers have also examined the effects of creating a European “bubble" (in which Europe collectively
meets its overall target) alongside unrestricted permit trading among the other Annex B countries, but
that possibility is not discussed in this paper because it seems somewhat unrealistic.

18. The analysis assumes that the restrictions are binding. If the restrictions were not binding, U.S. permit
prices would be unaffected.

19. Studies using EPPA and MERGE assume permit purchases are restricted to one-third of a country’s
obligation, while the study using MS-MRT assumed purchases are restricted to 30% of a country’s
obligation. The M ERGE study assumes restrictionsin the context of global trading of permits, whilethe
other two studies assume restrictions under Annex B trading of permits. In practice, the baseline would
not be observed if the protocol were ratified, so the actua restriction would be defined in terms of
emissions at some fixed date in the past.
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By contrast, a study using the EPPA model finds that such arestriction would be
binding on Japan and western Europe, but not on the United States or other regions.
Thus, becausetherestrictionwould reduceinternational demand for permits, it would
reduce the price of permitsto U.S. and other OECD buyers from $180 to $162 per
metricton (1997 dollars). Compared with other studies(including thestudy usingthe
EPPA model cited in Table 2-1), however, this study assumes higher emissions
baselines for other Annex B countries. Lower baseline emissionsin other Annex B
countries would reduce the international permit price low enough that the United
States would want to buy more permits than it was limited to.

Restrictionson Permit Sales. Restricting the ability of permit-exporting countriesto
sell emissions permits would also boost permit prices. Two studies examined the
impact of preventing Russia and other countries of the former Soviet Union from
selling the excesspermitsthat ari sebecausetheir projected level sof emissionsin 2010
will be less than their levels in 1990. The MS-MRT model indicates that such a
restriction on permit saleswould increase permit pricesfrom $94 to $136 per metric
ton of carbon. The PNNL study, which uses the SGM model, estimates similar
effects. In that study, permit prices rise from $82 to $127 per ton of carbon.

Although restricting the sal e of excess permitsfrom Russiaand other countries of the
former Soviet Union would raise permit prices, it would also increase the
environmental benefits of Kyoto because it would effectively tighten the overal
emissions cap.

Exerciseof Market Power By Permit Exporters. With Annex B trading, the countries
of theformer Soviet Union could form acartel to exploit their position astheprimary
exporters of permits. Theimpact of such a cartel would depend on its objective. If
itsobjectivewereto maximizepermit revenuesfrom other countries, the cartel would
havelittleimpact. Althoughtheformer Soviet Unionwould bethe primary exporter
of permits, itwould still account for only asmall share of the permitsused inthe other
Annex B countries. (Such acartel would have considerably less power than OPEC,
which supplies more than half of the oil used in western Europe and Japan and a
quarter of the oil used in the United States.) If the former Soviet Union were to
restrict permit salesto boost prices, it would lose about as much from lower volume
asit gained from higher prices.

However, if acartel pursued abroader economic objective than simply maximizing
permit revenues, permit priceswould rise higher. For example, reducing the number
of permits exported would reduce permit revenues slightly, but would also increase

20. A. Denny Ellerman and Annelene Decaux, Analysis of Post-Kyoto CO, Emissions Trading Using
Marginal Abatement Cost Curves, Report Series No. 40 (Cambridge, Mass.: MIT Joint Program on the
Science and Policy of Global Change, October 1998).
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the supply of permitsto the domestic economies of the cartel, reducing energy prices
and the associated adverse GDP impacts within those countries. If theformer Soviet
Union decided to maximize permit revenues|essthe direct economic costs of higher
domestic energy prices, the PNNL study findsthat Annex B permit priceswould rise
35 percent, from $82 to $111 per metric ton of carbon (1997 dollars). If Eastern
Europe joined the cartel, prices would rise to $118 per tonne. A study using the
EPPA model, assuming the same cartel objective, finds a much smaller 12 percent
priceincrease. The MS-MRT study, using abroader measure of domestic economic
costs, findsthat aformer Soviet bloc cartel would boost permit pricesby 42 percent,
from $95 per tonne to $135 per tonne.

Amending the protocol to include all countries would sharply limit the ability of a
former Soviet Union cartel to boost permit prices. Any effort by these countries to
boost the international price of permits would produce a sharp drop in permit sales
from those countries, as other devel oping countries boosted their own sales. Those
other countriescouldtry toformacartel, but itseffectivenesswould belimited unless
it covered most permit-exporting countries.

ESTIMATES OF PERMIT PRICES UNDER VARIOUS
SCENARIOS: MODEL SYNTHESIS

The modelers results aready indicate a general trend: permit prices in the United
Statesarelikely to bemuch higher if nointernational tradingisallowed thanif trading
is unrestricted. However, the wide range of model results makes it hard to get a
guantitative sense of theimportance of varioussortsof limitson permit trading. This
section presentsasynthesis of the model results, derived from areduced-form model
created using averages of the propertiesof the models, adjusted where necessary (see
Appendix B for the methodology.)

Thesynthesisestimatesinclude several outcomesconsistent with the K yoto Protocol,
aswell astwo sets of outcomes that would require amendments to the Protocol: no
international trade of permits, and global trading of permits (see Table 3-7). The
estimatesarederived from model runsthat assume acrediblecommitment to reducing
emissions was made or expected by 2001. Given that the United States has not
ratified the protocol, energy userswill havelesstime to react, likely pushing permit
prices higher.”*

21. The estimates also assume that subsidies to energy usage, such as the tax-free treatment of employer-
provided parking, are not changed.
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A wide range of scenarios is consistent with the Kyoto Protocol, were the United
States to ratify it. Depending on how the protocol is interpreted and implemented,
permit prices in the United States could range from $56 to $178 per metric ton of
carbon in 2010. (All pricesin this section are in 1997 dollars. To convert 1997
dollars to 2002 dollars, multiply by 1.085.) Those estimates assume that forest
growth haslittle net impact. If countries received unlimited credits for greenhouse
gases absorbed by baseline (non Kyoto-related) forest growth and other land-use
changes, permit prices would fall to zero in 2010, but the protocol would have no
effect on the amount of greenhouse gases in the atmosphere. This paper does not
examine the impact of the limited credits for baseline forest growth agreed to in
November 2001, or of Kyoto-related forest growth.

Thewiderange of scenarios stemsfrom the fact that several important issues are not

yet resolved:

» Will permit-exporting countries exploit their market power and raise permit prices
above competitive levels?

« Will theclean development mechanismthat allowsAnnex B countriesto take credit
for emissions reductions in non-Annex B countries actually work?

» Will restrictionswill beimposed onacountry’ sability to purchaseor sell itspermits
to other countries?

 Will thedifficultiesin monitoring reductionsin non-CO, greenhouse gases confound
efforts to include these gases under the caps?

This section also presents a range of possible error around the model synthesis
estimate of the U.S. permit pricefor each scenario, reflecting the uncertainty present
in each model’ s estimates. Much of this uncertainty stems from estimates of price
sensitivity. Model ersmust estimatethefactorsdetermining pricesensitivity, and their
estimates have some uncertainty attached. Based on estimates of uncertainty from
empirical studiesof the price sensitivity of energy demand, the actual permit pricefor
a given scenario would fall within a range running from 27 percent below to 27
percent above the estimated permit pricefor that scenario. For example, an estimate
of $56 per metric ton implies arange of $41 to $71 per metric ton.

Possible errors in projected emissions baselines also add to the uncertainty of the
permit price. However, such uncertainty haslittle impact on therelative sizes of the
costs and benefits of reducing emissions. That is because trying to hit the same cap
from alower baseline would mean both alower permit price and asmaller reduction
in emissions. Using an extreme case to illustrate the point, if baseline emissionsin

22. Actualy, the range may not be symmetric around the point estimate because price sensitivity has a
nonlinear impact on the permit price. A given reduction in price sensitivity boosts the permit price by
alarger percentage than a same-sized increase in price sensitivity reduces it. In that case, the range of
uncertainty would be 20 percent below the permit price to 34 percent above it. In the example, this
would produce arange of permit prices of $45 to $76 per metric ton.
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2010 equaled the Kyoto cap, the treaty would have no cost—-the permit price would
be zero—-but also no benefit—emissions would be unaffected. This study providesno
estimates of the effect of this type of uncertainty, but it would likely be of asimilar
magnitude as that coming from uncertainty about price sensitivity.

Scenarios Consistent with the Kyoto Protocol

The Kyoto Protocol envisions a system of emissions permits that would be traded
among Annex B countries. However, the protocol is consistent with a variety of
aternative outcomes. The range of outcomes would be widened further if some
provisions of the protocol proved unworkable.

Ideal Implementation. Ideally, permit-exporting countriesmake no attempt to exploit
their market power, the clean development mechanism works as promised, no
restrictions are placed on the United States' ability to purchase permits from abroad,
and reductions in other greenhouse gases can be used to offset carbon dioxide
emissions. Under that scenario, asynthesis of model results suggeststhat emissions
permitswould cost $56 per metric ton in 2010, the lowest estimate of permit prices
consistent with the protocol.

That estimate islower than most model estimates of the impact of the protocol, for
threereasons. First, the model synthesisincorporatesthe positive effect of the clean
development mechanism, which puts downward pressure on permit prices. By
contrast, only one model (MERGE) incorporates such an effect. Second, most
modelers do not account for the impact of offsets from other greenhouse gases.
(Without the effects of the clean devel opment mechanism or offsetsfrom other gases,
the permit pricewould riseto $81 per metricton.) Third, thelevel of futurebaseline
emissionsassumed in the synthesisestimatesissignificantly lower than that assumed
by most modelers. Synthesis assumptions are based on projections prepared by the
U.S. Energy Information Agency in 2000, rather than the EIA projections prepared
in 1998 that many modelers used. Between 1998 and 2000, the EIA lowered its
projected level of emissions, particularly in Europe and the former Soviet bloc. In
those countries, emissions projected for 2010 were about 8 percent lower in 2000
than what they had been in 1998. Partly offsetting those three factors, the price
sensitivity of carbon emissionsassumed inthe synthesisestimatesissomewhat |ower
than the model average.

Ideal implementation would reduce global greenhouse emissionsin 2010 by about 6
percent of baseline carbon dioxide emissions. (Asapercent of baseline greenhouse
emissions, the reduction would be smaller, but no one projects aglobal baseline for

23.  Annex B offsets from CDM and other gasestotal 133 mmtc.
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other greenhouse gases.) Global emissions of carbon dioxide would be 33 percent
above 1990 levels in 2010, compared with a 40 percent rise in the baseline. The
reduction in global emissions would be larger if not for the fact that the protocol
would boost emissionsin non-Annex B countries, aphenomenon known as |leakage
(see Box 2-1).

BOX 2-1
EMISSIONS LEAKAGE

L eakage occurs when policies that reduce greenhouse gas emissions in Annex B countries cause
emissionsto increasein other countries. Leakage can occur in two ways. First, reductionsin Annex
B usage of crude oil would reduce its price in world markets. In response, hon-Annex B countries
would increase their purchases of crude oil, although by a smaller amount than the reduction in
Annex B purchases.

Second, energy-intensive industries in Annex B countries would relocate some production to
countries where energy is cheaper to use, exporting this production back to Annex B countries.
Although exchange rates would adjust to offset the impact of such relocations on the overall trade
balance of Annex B countries, the composition of Annex B imports would shift toward energy-
intensive goods. Thiswould increase emissions in the countries to which the industries rel ocated.

Provisions in the Kyoto Protocol allowing Annex B countries to trade permits reduce leakage, for
two reasons. First, permit trading reduces the price of permits, and thus energy prices, in most
Annex B countries. (Energy prices would be higher than in the no-trading case only in the former
Soviet bloc.) This reduces the incentive for energy-intensive industries to relocate to non-Annex
B countries. On average, the modelers find that increases in non-Annex B emissions would offset
10 percent of Annex B cuts with international trading of permits, but 17 percent without.

Second, trading of permits eliminates |eakage to the former Soviet bloc. Any increasein emissions
by the former Soviet bloc reduces the number of permits the former Soviet bloc can sell to other
Annex B countries. Leakage to the former Soviet bloc would occur within the Kyoto Protocol only
if such limitswere placed on the number of permits other countries could purchase that the domestic
price of permitsin the former Soviet bloc fell to zero. On average, the modelers find that, without
permit trading, increases in emissions of the former Soviet bloc would offset 7 percent of the cuts
in the rest of Annex B.

For similar reasons, amending the Kyoto Protocol to allow unrestricted global permit trading would
eliminate leskage. Any increase in carbon emissions by Annex B countries would reduce the
number of permits they could sell.

Exercise of Market Power by Permit-Exporting Countries.  Under ided
implementation of the Kyoto Protocol, the developed countries would buy permits
from eastern Europe and the Annex B portion of the former Soviet Union. Those
latter countries could try to use their position as the only net sellers of permits to
boost the international price of permits above competitive levels. The ultimate
impact on prices would depend on the objective of the permit-exporting countriesin
using their market power, and on how the Annex B countries reacted.
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If the countries of theformer Soviet Unionformed acartel in order to maximizetheir
revenues from the export of permits, the impact on permit prices would be small.
Although those countries would supply a dominant share of permit exports, they
would supply only a small share of the total permits used in the other Annex B
countries.®®  As those countries tried to boost prices, demand for their exports of
permits would fall off. A synthesis of model results suggests that those countries
would maximizetheir revenuesif the permit price was $67 per metric ton of carbon,
which is only modestly higher than permit price of $56 per tonne under the ideal
implementation scenario described above.

Permit prices would rise higher if the former Soviet Union instead attempted to
maximizeits GDP plusrevenuesfrom permit exports. Withholding permitsfromthe
world market would not only boost the world permit price, but it would also make
more permitsavailablefor consumption in the countries of theformer Soviet Union.
That devel opment would mutetheriseinenergy pricesinthose countriesand thusthe
lossin their GDP. World permit prices would rise to $85 per metric ton under this
scenario.?

This scenario would not occur if other Annex B countries could credibly threaten to
retaliate, perhaps by imposing quotas on the import of permits. Inthat case, amore
likely outcome would be for the former Soviet Union to restrict exports of permits
below the levelsin the ideal implementation scenario, but not so far as to trigger
retaliation from other countries. For example, if countries of the former Soviet
Union and eastern Europe restricted permit exports by enough to hold their domestic
permit prices at half the level of international permit prices, theinternational permit
price would be $70 per ton.®

No Clean Development Mechanism. If the Clean Devel opment Mechanism proved
unworkable, theimpact on U.S. energy prices could be small, because, according to
the assumption made by the EMF in examining this scenario, theimpact of the Clean
Development Mechanism itself would be small. Assuming a moderate exercise of
market power by the former Soviet bloc, the U.S. permit price could rise from $70
per metric ton to $76 per metric ton of carbon under this scenario.

24. Intheideal implementation scenario, the countries of the former Soviet Union account for 79 percent of
permit exports, but just 12 percent of permits used by permit-importing countries.

25. At that price, the former Soviet Union would sell only “hot air’—permits in excess of baseline
emissions—and reduce its domestic permit price to zero.

26. Thisscenario still impliesasignificant reduction in emissionsin the former Soviet bloc, because of low

baseline prices of carbon-energy in those countries. In fact, those countries would be reducing their
emissions by alarger percentage from baseline than any of the other Annex B countries.
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Restrictionson U.S. Purchases of EmissionsPermits. The Kyoto Protocol statesthat
“trading shall be supplemental to domestic actions for the purpose of meeting
quantified emission limitation and reduction.” Rules governing trading are to be
developed at afuture “Conference of the Parties.” In the past, the European Union
has suggested that the term “ supplemental” means that limits should be imposed on
each country’ sability to satisfy itsK yoto obligation by purchasing permitsfrom other
countries.

Such limits could have asignificant effect on permit prices. If the United Stateswas
required to achieve at least 65 percent of its obligation by reducing domestic
emissions, theU.S. permit pricewould jump to $122 per metricton. (Thisrestriction
isroughly equivalent to that proposed by the European Unionin 2000.) By contrast,
permit pricesin theformer Soviet Union and eastern Europewould fall very closeto
zero because those countries could supply thelimited demand from therest of Annex
B countriesentirely by sellingtheir “ hot air” —permitsin excess of baselineemissions.
A tighter limit on permit purchases would result in a higher permit price, while a
looser restriction would result in alower price. Notethat with restrictions on permit
purchases, the CDM would have no impact on permit prices. Any credit obtained
from anon-Annex B country would reduce the number of permitsthe United States
could purchase from other Annex B countries.

Restrictionson Sales of Emissions Permits. The Conference of Parties could instead
imposelimitsontheamount of permitsacountry can sell. For example, thecountries
of the former Soviet bloc could be prevented from selling their hot air. This
restriction would be equivalent to changing their permit allocation to match their
baseline level of emissions. (Thisrestriction is not as tight as that proposed by the
European Unionin 2000.) Under thisscenario the permit pricein Annex B countries
would rise to $137 per metric ton of carbon.?’ The value of permit sales by the
former Soviet bloc would only decline by 14 percent, from $38 billion to $33 billion
(in 1997 doallars), because the higher price would nearly offset the decline in the
number of permits sold.

That scenario would reduce global emissions substantially more than other
interpretations of the Kyoto Protocol. Global emissionsof greenhouse gasesin 2010
wouldfall by theequivalent of nearly 10 percent of baseline carbon dioxideemissions,
about one and one-half times as much as in the ideal implementation scenario.
Emissions would be lower than under apolicy of limited purchases because permit
priceswould behigher inevery Annex B country, including those of theformer Soviet

27. Thisestimate assumes that the countries of the former Soviet bloc would exercise a moderate degree of
market power and restrict permit sales so that their domestic price of permitsis one-half the international
price of permits.
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bloc. Nonetheless, global emissionsof carbon dioxidewould still be 29 percent above
1990 levelsin 2010.

In later years, the impact on both the permit price and emissions of arestriction on
salesof hot air would fadeashot air disappeared with higher baselineemissionsinthe
former Soviet Union bloc. However, if the restriction on sales were tied to the
number of permits sold, rather than to the amount of hot air sold, it could have a
permanent effect on permit prices and global emissions.

No Offsets from Other Greenhouse Gases. |If other greenhouse gases proved too
difficulttomonitor, or if other problemsaroseinimposing permitson sourcesof these
emissions, theU.S. permit pricewould rise still further. With restrictionson sales of
hot air and caps on carbon dioxide equal to the carbon dioxide portion of the overall
Kyoto cap, each permit would cost $178 per metric ton of carbon in 2010. Taking
account of uncertainty in model estimates of price sensitivity, the permit price would
fall inarange of $130 to $226 per metric ton. This permit price would apply only to
carbon dioxide, and so would have only aslightly larger impact on the overal level
of U.S. pricesthan a $137 per ton charge on al greenhouse gases.

Permit prices would be higher under this scenario for two reasons. First, other
greenhouse gases are cheaper to reduce than carbon dioxide. Second, the percentage
difference between baseline emissions and the Kyoto capsis much larger for carbon
dioxide than it isfor the other greenhouse gases.

Credit for Baseline Forest Growth. In August 2000, the U.S. Department of State
argued that countries should receive credits for the change in carbon stocks on
managed lands during the commitment period, including changes that would have
occurred whether or not the protocol was ratified® (Managed lands include
cropland, grazing land and forests, except those not available or appropriatefor wood
production.) According to estimates submitted by the countries to the United
Nations, such creditswould dlightly exceed the difference between projected baseline
emissionsand the Kyoto capsin Annex B in 2010.° Thesupply of emissionspermits
and creditswoul d exceed baselineemissions, driving the permit priceto zeroin 2010.
Inlater years, if the cap werefrozen at its2010 level, rising baseline emissionswould
eventually result in positive permit prices.

Although this interpretation of the Kyoto Protocol’s provisions on forest growth
would eliminate the economic costs of the protocol in 2010, it would a so eliminate

28. Department of State, United States Submission on Land-Use, Land-Use Change and Forestry, August
1, 2000 (available at www.state.gov/wwwi/global/global _issues/climate/000801_unfcccl subm.pdf).

29. United Nations Framework Convention on Climate Change, Greenhouse Gas Inventory Database, 2000
(available at www.unfccc.de).
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the protocol’ s environmental benefits in that year. Since the protocol would not
impose a cost to emitting greenhouse gases, there would be no reduction in such
emissions.

Theseresultsassumeno limitationson countries' ability tobuy and sell permits. With
suchlimits, permit priceswould bepositive, but far smaller thanif creditsfor baseline
forest growth were not allowed. For example, with the limit on purchases described
above, the U.S. permit price would fall to $50 per mtc in 2010, from $122 per mtc
without credits for forest growth. However, the reduction in global emissions of
greenhouse gases in 2010 would fall to 3 percent of baseline carbon dioxide
emissions, much lower than in any other Kyoto-consistent case.

In November 2000, the United States, Canada and Japan proposed a somewhat
stricter treatment for baseline forest growth, or “existing effort.”* Under this
proposal, baseline forest growth could be used to satisfy about 60 percent of Annex
B’ srequiredreductioninemissions. Intheideal implementation case, the permit price
would drop from $56 per metric ton to $24 per metric ton, but the cut in global
emissions would fall from 6 percent to 3 percent of baseline carbon dioxide.

If creditswere only given for forest growth that would have occurred in the absence
of the protocol, permit prices would be lower than if no credit were given for any
forest growth. Countries could substitute forest growth for the most expensive
cutbacksinemissions. Thiswouldtrimtheoverall reductioninglobal emissions, but
increase absorption of greenhouse gases by the same amount. Unfortunately, it is
impossible to use the economic models to determine the effect this would have on
permit prices, because none of theminclude such an effect. One paper findsthat such
effects could be large.®

Scenarios Requiring Amendments to the Kyoto Protocol

Amending the Kyoto Protocol to prevent the international trade of permits or to
include countries outside of the Annex B region could produce impacts on permit
pricesthat are larger or smaller than those shown above.

30. Department of State, Proposal by United Sates, Canada, Japan: Phase-infor Forest Managementin the
First Commitment Period, November 21, 2000 (available at www.state.gov/wwwi/global/global _issues/
climate/cop6/001121_phase-in.html).

31. BruceA. McCarl, “Carbon Sequestration via Tree Planting on Agricultural Lands: An Economic Study

of Costs and Policy Design Alternatives,” Internet draft, November 1998 (available at
http://ageco.tamu.edu/faculty/mccarl/papers/676.pdf).
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No Permit Trading Between Countries. If the United States could not purchase
permits from other countries, but could use reductions in emissions of other
greenhouse gasesto offset reductionsin carbon dioxide, emissionspermitswoul d cost
$216 per metric ton in 2010. If offsets from other greenhouse gases could not be
used, the permit price would rise to $264 per metric ton in 2010.

The only advantage of eliminating international trade of permits would be that
countries could not use hot air from the former Soviet bloc to reduce their own need
to cut emissions. Consequently, globa emissions of greenhouse gases would be
reduced from baseline 2010 levels by the equivalent of 8 percent of baseline carbon
dioxide emissions if no offsets from other gases were allowed and by 9 percent if
offsetswere allowed. Thisadvantage would disappear over time as higher baseline
emissions in the former Soviet Union eliminated hot air.

Global Trading of Emissions Permits. Amending the Kyoto Protocol to include non-
Annex B countries could greatly reduce the impact of the protocol on energy prices.
If emissions caps for these countries were set equal to projected baseline levels for
these countries and there were no limitations on trading, the price of an emissions
permit would drop to $28 per metric ton of carbon. Permit prices are lower because
global trading allows Annex B countries to substitute low-cost reductions in non-
Annex B emissions for more expensive reductions in their own emissions.

The behavior of the former Soviet bloc would have asmaller impact on U.S. permit
prices with global trading because non-Annex B countries would provide a large
alternative source of permits. If countries of the former Soviet Union and eastern
Europe restricted permit exports by enough to hold their domestic permit prices at
half thelevel of international permit prices, theinternational permit pricewould only
riseto $31 per metric ton. Preventing the sale of hot air would only boost the permit
price to $49 per metric ton.

Putting restrictions on permit purchases, however, would boost the permit price to
$122 per metric ton, roughly the same as under Annex B trading of permits. The
United Stateswoul d be unabl eto take advantage of the additional permitsnon-Annex
B countrieswould bewillingto supply. If, inaddition, no offsetswereavailablefrom
reductions in other greenhouse gases below target levels (i.e., if the non-carbon
dioxide portions of the caps were eliminated), the U.S. permit price would rise still
further, to $147 per metric ton.

Expanding theKyoto Protocol toincludenon-Annex B countrieswould reduce global
emissionsby eliminating leakageto those countries. Theglobal reductioninemissions
of greenhouse gases would be 8 to 10 percent larger with global trading of permits
than under the Kyoto Protocol.
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CHAPTER 4
THE EFFECTSOF THE KYOTO PROTOCOL ON ENERGY PRICES

A system of tradeable permits would reduce emissions by boosting prices of energy
made from coal, petroleum and natural gas. Although consumerswould not pay for
emissions permits directly, permit prices would have a large influence on energy
prices, just as prices of crude oil influence gasoline prices even though motorists do
not pay for crude oil directly.

According to a synthesis of model results, each $100 per metric ton increase in the
permit pricewould add 17 to 22 cents per gallon to gasoline prices, roughly $1.57 per
thousand cubic feet to the price of natura gas, roughly $55 per short ton to the user
price of steam coal, and 1.4 to 1.7 cents per kilowatt-hour to the price of electricity.*
On a percentage basis, gasoline prices would increase the least and coal prices the
most.

Several factors determine theimpact of permit priceson energy prices. Of these, the
directimpact of the permit priceisthemost important. Inaddition, lower demand for
coal and crude oil depresses their producer prices, offsetting part of the impact of
permit prices. Depending on whether demand for natural gas rises or falls, the
wellhead priceof natural gaswill riseor fall, adding to or subtracting from theimpact
of permit prices. Changing marginsfor refiners, distributorsand el ectricity generators
may also affect energy prices. Finally, changes in the mix of fuels used will help
determine how much electricity pricesrise.

The estimates of the potential impact of the Kyoto Protocol on energy prices reflect
the changes in permit prices found in the previous chapter. Just as different
interpretations of the protocol could lead to different permit prices, awide range of
outcomesfor energy pricesisconsistent with theprotocol. U.S. gasolinepricescould
rise anywhere from 12 to 38 cents per gallon higher than they would be otherwise.
(All pricesinthischapter arein 1997 dollars.) The price of natural gasto households
would increase between 13 and 42 percent above baseline levels. Electricity prices
to householdswould be 13to 36 percent higher than they would be without emissions
restrictions. Accounting for the uncertainty present in model estimates of price
sensitivity would widen these ranges somewhat.

As discussed in the introduction, synthesis estimates of the change in energy prices
are based on projections of emissions and energy prices released by the Energy

32. Thechangein gasoline pricesis not proportional to the permit price because the drop in crude il prices,
due to lower demand, depends on global demand for crude oil rather than the permit price. The change
in electricity prices is not proportional to the permit price because the mix of fuels used to generate
electricity changes as the permit price rises.
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Information Administrationin2000. M orerecent projectionsof emissionsand energy
pricesarehigher. If synthesisestimateswere prepared using the new projections, they
would show larger absoluteincreasesin energy pricesand larger percentage changes
in electricity pricesin every scenario. The percentage change in natural gas prices
would likely aso be higher.

MODEL ESTIMATES OF EFFECTS ON ENERGY PRICES

Although every study provides estimates of permit prices, few trandate these prices
into changes in energy prices. This section draws heavily on results from the DRI,
EIA and WEFA studies, which providethe most detail on energy prices. Differences
with other studies are also noted.

Coal Prices

Each $100 per mtc in permit prices directly boosts the price of coal delivered to
electric utilities by roughly $55 per short ton, or between 213 and 245 percent (see
Table4-1). Higher gradesof coal, which have higher heat content, would facelarger
absol utepriceincreases, athough higher baseline pricesfor these gradeswould mean
smaller percentage increases.

The model ers expect minemouth prices for each grade of coal to fall due to lower
demand. WEFA projects that a permit price of $265 per metric ton would reduce
average minemouth prices by $3.60 per short ton. EIA expects average minemouth
pricesto rise, but only because of shiftsin the mix of coal being mined, not because
of increases in prices for any grade of coal. For example, a ton of coal from the
Powder River basin in Wyoming is cheaper than a ton of Appalachian coal at the
minemouth, but contains more carbon and less sulfur per unit of heat. So, as prices
of greenhouse permits rise and prices of sulfur dioxide permits fall, Powder River
basin coa loses its cost advantage, and the mix of coal used shifts toward more-
expensive A ppal achian coal, boosting the average minemouth price, eventhough the
price of each gradefalls.

Gasoline Prices

The impact of the Kyoto Protocol on the price of gasoline depends on three factors:
thedirect impact of the permit price; theindirect impact of reduced demand for crude
oil on crude oil prices, and the impact of lower volumes on refiner and distributor
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margins. Thefirst effect boosts the gasoline price, while the other two effects partly
offset thisincrease.

Direct Effects. The carbon content of gasoline a one determinesthe direct impact of
permit prices. Each gallon of gasoline contains about 5.2 pounds of carbon, so that
each $100 per mtc (metric ton of carbon) increasein the permit price booststhe price
of gasoline by 23.8 cents per gallon, all else equal.** The carbon content of other
petroleum productsis somewhat higher than that of gasoline, so a$100 permit price
would directly add ailmost 26 cents per gallonto jet fuel pricesand about 27 cents per
galon to distillate (diesel) prices. The direct impact of permit prices on gasoline
pricesis smaller in models that assume that capital and labor can be substituted for
crude oil in the production of gasoline.

Effects on Crude Qil Prices. Higher prices for petroleum-based energy would lead
consumers and businesses to reduce their purchases of it, reducing world-wide
demand for crudeoil. Astheimpact of lower Asian demand on world oil marketsin
1998 demonstrated, reduced demand would push crude oil pricesdown. The size of
thedrop in priceswould not depend on the U.S. permit price, but rather on the global
reduction in crude oil demand.

On average, the models find that the percentage drop in crude oil prices would be
nearly twice as large as the percentage drop in global petroleum consumption. So,
a 3 percent drop in worldwide petroleum usage would produce a nearly 6 percent
drop in crude ail prices. Thisworksout to 2 to 3 cents per gallon for each $100 per
mtc in permit prices.

Margins. Most studies, including those of DRI and WEFA, assume that changesin
demand for petroleum-based energy do not impact refiners’ profit margins. The EIA
study, however, predictsthat low capacity utilization would cause refinersto reduce
marginsin order to competefor business. Thiswould reducegasoline pricesby about
3 cents per gallon for each $100 per mtc increase in permit prices.

Natural Gas Prices

Each $100 per mtc in permit prices directly adds aimost $1.50 to the price of a
thousand cubic feet of natural gas. In addition, demand for natural gas, unlike that
for coa and petroleum, may rise due to higher demand from electric generators,
pushing prices up further. Among the modelers publishing natural gas usage, DRI,
EIA, SGM-PNNL and WEFA expect anincreasein demand from electric utilitiesto
outweigh lower demand for natural gas by households, businesses and governments,

33. Energy Information Administration, Annual Energy Outlook 2000, DOE/EIA-0383 (December 1999).
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while the G-Cubed, IWS and MS-MRT models predict overal natural gas usage to
fall. Estimates of thetotal impact of a$100 per metric ton permit price on wellhead
prices (excluding permit costs) thusrange from adrop of about 30 cents per thousand
cubic feet to an increase of amost 25 cents.

EIA projects that higher demand for natural gas would boost distributors’ margins.
Thiswould push the price each natural gas customer faces higher, although because
demand would shift from high-margin residential and commercial customersto low-
margin utilities, the average priceto all userswould fall. The DRI, EIA and WEFA
studies find that each $100 increase in permit prices would add $1.55 to $1.83 per
thousand cubic feet to the residential price of natural gas.

Electricity Prices

Unlikerefiners and natural gas distributors, electric utilities can substitute biomass,
solar or wind power for fossi| fuel sand natural gasfor coal, substantially loweringthe
carbon content of a kilowatt-hour of electricity without reducing the amount of
electricity generated. Infact, the modelersfind that changesin the fuel mix account
for reductionsin emissions that are at |east as large as those from cutsin electricity
demand.

Although fuel substitutions reduce the direct impact of the permit program, they
introduce a cost as well: fuel and generating costs are higher. (Otherwise, utilities
would already beusing the new mix of fuels.) Asaresult, thenet impact of theKyoto
Protocol on el ectricity priceswould be smaller than the permit cost of theoriginal mix
of fuels, but larger than the permit cost of the final mix of fuels.

Using the baseline mix of fuels, generating technologies, and fossil fuel prices, each
$100 per mtcincreasein permit priceswould boost electricity pricesby 1.7 cents per
kilowatt-hour, according to the DRI, EIA and WEFA studies. Although shifting
from coal lowers the direct impact of the permits on electricity prices considerably,
it boosts other costs, eliminating most of the savings. Inthe EIA study, for example,
fuel shifting reducesthe costs of the permitsto lessthan 1 cent per kilowatt-hour per
$100 permit price, but higher wellhead pricesfor natural gasadd 0.1 cent, and higher
fuel and generating costs add another 0.5 cent. In the end, electricity prices rise
nearly 1.6 cents per kilowatt-hour per $100 permit price anyway, and they are only
9 percent less than they would beif utilities used the baseline mix of fuels. Savings
from switching fuels are smaller in the DRI study and are actually negative in the
WEFA study.

Theincreasein the electricity priceislarger than permit costs and asimple estimate
of higher generating and fuel costs (discussed in Appendix B) would produce. Part
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of the reason generating costs are surprisingly highin the DRI and WEFA studiesis
that these model sassumethat el ectric generators' decisionsabout plant typetakeinto
account likely permit costs over the entire servicelifetime of the plant. Both studies
anticipate that permit prices will rise after 2010, so, while a new natural gas-fired
plant may increase costs in 2010, it may nonetheless cost |ess to operate over the
whole life of the plant. Thus, costs and prices may rise by more than the value of
permits saved in 2010.

In addition, the studies assumethat, at |east in someregions, electricity pricesare set
according to the cost of the last kilowatt-hour generated, rather than according to the
average cost of all electricity generated. As coal-fired plants are moved from
providing basel oad generation to providing marginal generation, marginal costsrise
more than average costs, so prices rise more than the average cost of fuel-switching
would predict. By 2020, both of these factors are less important, as coa plants are
retired.

ESTIMATES OF EFFECTS ON ENERGY PRICES: MODEL SYNTHESIS

Permit prices play a key role in determining the effect of the Kyoto Protocol on
energy prices. Scenarios that produce high permit prices, such as limits on
international trading of permits, also produce large changes in energy prices (see
Table4-2). Depending onthescenario, U.S. gasolinepriceswould rise 12 to 38 cents
per gallon (in 1997 dollars) above baseline levels in 2010. Natural gas prices to
households would rise between 13 and 42 percent above basdline levels, while
electricity prices to households would increase between 13 and 36 percent.**
Scenarios requiring amendmentsto the protocol, such asglobal trading of permitsor
no international trade of permits, could produce smaller or larger impacts. The same
uncertainty present in estimates of the permit price is also present in estimates of
changesin energy prices.

34. Estimated pricesfor natural gas and electricity do not include the cost of permits for methane emitted by
coal mines and natural gas system, and thus are probably too low.
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CHAPTER S
MACROECONOMIC AND DISTRIBUTIVE EFFECTS OF CUTTING
GREENHOUSE GASEMISSIONS

The various economic studies surveyed find that restrictions on emissions of
greenhouse gases by a system of tradeable permits would reduce both output and
consumption—and transfer a significant amount of income from producers and
consumers of emission-producing goods and services to recipients of permits.®
However, auctioning permits and using the receipts to cut tax rates could reduce
those losses in output and consumption.

The impacts of the Kyoto Protocol on output, consumption and the distribution of
income would depend on how the protocol is interpreted and implemented. In
particular, thefewer therestrictionson permit trading, the smaller theimpactson the
macroeconomy and the distribution of income.

The macroeconomic impact of reducing emissions of greenhouse gases can be
measured in several ways. This paper focuses on two: the change in GDP and the
change in consumption. The change in GDP measures the effect of emissions
reductions on output, while the change in consumption shows the overall impact of
emissions reductions on standards of living. A third measure, direct cost, captures
only those lossesin output suffered directly by consumers and producers of energy.
It thus ignores feedback effects on the rest of the economy.

The synthesis of model results suggests that real U.S. GDP would decline between
0.5 percent and 1.2 percent below baseline levelsin 2010 under the Kyoto Protocol,
and real consumption would fall between 0.4 percent and 1.0 percent, depending on
the scenario.®*® The direct cost of the Kyoto Protocol would be between 0.2 percent
and 0.4 percent of GDP. Thetotal value of permitsused, which indicatesthe amount
of income that would be transferred from producers and consumers of energy to
recipients of permits, would total between $108 billion and $245 billion (in 1997
dollars) in 2010, or 0.9 percent to 2.0 percent of GDP. (Many households would
both pay and receive funds.) If the government auctioned the permits, its revenues
would rise by a comparable amount.

35. Emission-producing goods and services can produce emissions either when they are used or when they
are produced.

36. | interpret the economic impactsin 2010 as representative of impacts over alonger period of time. The
actual impacts in 2010 may be larger, while the impacts in some other years during 2005 to 2015 may
be smaller. See Appendix B.
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Those estimates of losses in GDP and consumption reflect the same uncertainty
present in estimates of the permit price. That is, if the price sensitivity of emissions
is actually higher than estimated, permit price and losses in GDP and consumption
will belower than estimated, and if price sensitivity islower than estimated, permit
priceand lossesin GDP and consumption will be higher than estimated. 1n addition,
there is some uncertainty about the effect a given permit price has on GDP and
consumption. These latter sources of uncertainty are difficult to quantify, so the
ranges of possible error presented in this chapter focus only on uncertainty in the
estimate of price sensitivity.

As discussed in the introduction, synthesis estimates of changes in GDP and
consumption are based on projections of emissionsand energy pricesreleased by the
Energy Information Administration (EIA) in 2000. More recent projections of
emissions and energy prices are higher, meaning that updated synthesi s estimates of
the reduction in GDP and consumption would be larger in every scenario.

DIRECT COST

The direct cost of abatement measures the economic cost that a cap or tax imposes
inthe directly-affected market alone—in this case, an implicit market for emissions.
It thus excludes feedback effects, for example those stemming from interactions
between energy markets and the rest of the economy.

Direct cost consists of two parts: domestic direct cost (the Harberger triangle®) and
permit purchases from other countries. Domestic direct cost isthelossin value that
users and producers would incur because the Kyoto cap would force users to
substituteaway fromfossil energy and productsthat produce other greenhouse gases.
Those substitutions would divert resources from producing fossil energy toward
other uses. But the alternative uses of those resources would be |ess valuable than
the baseline uses: if they were as valuable, it would not take positive permit prices
to get people to adopt the alternative uses. Permit purchases are the dollar value of
permits to emit greenhouse gases purchased from other countries.

Model Results

The models surveyed in this paper find that the Kyoto capswould carry direct costs
between 0.2 percent and 0.9 percent of baseline GDP in 2010 if permits could not

37. The Harberger triangle is the area between the supply and demand curves, both constructed excluding
taxes, and to the right of actual quantity.
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betraded internationally.® In most cases, modelswith the highest permit pricesfind
the highest direct costs, while models with the lowest permit prices find the lowest
direct costs.

The studiesagreethat thedirect cost would belower with unrestricted trading among
Annex B countries. Even though trading would incur the cost of purchasing permits
from abroad, the direct cost would amount to just 0.1 percent to 0.6 percent of GDP
in 2010. Internationa trading of permits reduces the direct cost because trading
allows energy users to substitute purchases of foreign permits for more costly
reductionsintheir own emissions. Restricting the trade of permits among Annex B
countries would raise the direct cost.

Revising the Kyoto Protocol to permit global trading of permits would reduce total
direct cost even further, to 0.1 percent to 0.3 percent of GDP. Although the United
Stateswould purchase more permitsfrom other countries under this scenario, permit
prices would fall by enough to reduce the cost of permit purchases from other
countries. In addition, global trading of permits would reduce the amount of
emissionsthat the United Stateswoul d haveto cut domestically, whichwould reduce
domestic direct costs.

Synthesis of Results

Based on asynthesis of model results, the Kyoto Protocol would impose total direct
costs of 0.2 percent to 0.4 percent of baseline GDP in 2010. The precise amount
would depend on how the protocol was implemented. Direct cost would be lowest
if no restrictions are placed on trade of permits among Annex B countries. In
general, restrictions on permit trading mean higher permit prices and higher direct
costs.*® These estimates do not take account of pre-existing taxes on energy;
accounting for such taxesincreases direct cost by about 30 percent, to arange of 0.3
percent to 0.6 percent of GDP.

Without international trade of permits, total direct cost would be 0.4 percent of
baseline GDP in 2010 if the United States had to meet the Kyoto cap for all
greenhousegases, and 0.5 percent of GDPif only carbon dioxidewascapped. (These

38. These calculations assume that there are no pre-existing taxes on energy, such as gasoline taxes. Such
taxesincrease the adverseimpact of additional increasesin the price of domestic energy, boosting direct
cost. Without international trade of permits, pre-existing taxes boost estimates of the U.S. direct cost by
almost athird.

39. With restrictions on permit purchases, the price the United States pays for foreign permits can be
anywhere between the permit pricesin permit-exporting countriesand in the United States. If restrictions
on permit purchases push this“import” price down far enough, total direct cost can fall while the permit
price and domestic direct cost rise.
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estimates do not take account of pre-existing taxes.) By contrast, unrestricted global
trading of permits would reduce total direct cost to just 0.1 percent of GDP.

IMPACT ON U.S. GDP AND CONSUMPTION

In general, restricting emissions of greenhouse gases would reduce U.S. gross
domestic product (GDP) and consumption. The precise amount is uncertain, and
dependson thedetail sof the proposal. Moreover, those losses could be significantly
reduced—or possibly eliminated—if the government auctioned theemissionspermits
(instead of giving them away) and used the revenues from the auction to reduce
marginal tax rates. Thissection and the next assumethat permits are given away for
free; the following section explores the implication of auctioning permits.

GDPisthetotal market value of goods and services produced domestically during a
given period, and it is the broadest measure of a country’s economic output.
However, GDP is not a measure of the standard of living. Consumption is a better
measure of the standard of living, although it is also imperfect because it does not
includethevalue of non-market activities, likeleisure. Nonetheless, estimates of the
effects of Kyoto on GDP and consumption are useful benchmarks.

Restrictions on emissions could affect the economy through several channels. First,
they would lower potential GDP because higher energy prices would raise the cost
of capital (whichwould reduceinvestmentinnew plant and equipment) and lower the
real wage (which would discourage work). Second, reduced energy usage would
render existing labor and capital less productive, further reducing potential GDP.
Third, higher energy prices might hurt the profitability of new investment in some
countries more than in others, leading to changesin flows of capital among nations.
Fourth, if permitsweretraded internationally, paying for foreign permitswould divert
resources from domestic investment and consumption. Fifth, the Federal Reserve
might haveto raiseinterest ratestemporarily to curb inflationary pressuresthat stem
from higher energy prices. Such interest rate hikes would lead to higher
unemployment inthe short run. Finally, if the government auctioned the permits, the
additional revenue could be used to cut taxes or increase spending, which would
affect the economy in different ways.®

40. Inaddition, higher energy prices could affect the pace of overall technological change. However, none
of the studies cited in this paper examined this possibility.
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Model Estimates of the Impact on U.S. GDP and Consumption

Estimates of lossesin GDP and consumption vary widely among studies, depending
on the model used and on the degree of internationa trading of permits assumed.
Models that assume inflation and unemployment can vary from baseline levels
generdly find larger losses than modelsthat do not. And all else equal, models that
assume energy usage is very sensitive to prices have smaller losses in GDP and
consumption than models that assume energy usage isinsensitive.

Permit prices are akey determinant of GDP loss, so the fewer restrictions placed on
international trading of permits, the lower the permit price, and the smaller the loss
in GDP. International trade of permits also reduces losses in consumption, despite
thetransfer of incometo other countriesto purchaseforeign permits. When permits
are traded, prices of emission-producing goods and services are lower, which
outweighs the negative effect on consumption of purchasing foreign emissions
permits.

No International Trade of Permits. Every study finds that losses in GDP and
consumptionwould belargest if carbon emissionswerereduced without international
trade of emissions permits. Among models reporting effects on GDP, the lossesin
2010 vary from 0.4 percent to 4.2 percent of baseline GDP (see Table 5-1).** Total
(private plusgovernment) consumptionfalls0.2 percent to 3.1 percent below baseline
levelsin 2010, except in the G-Cubed model, which shows arise in consumption.*
(That model findsthat consumption ispermanently abovebaselinelevels, while GDP
is permanently below baseline levels, afinding that seemsimplausible.)

Losses in GDP and consumption are generally larger in studies using
macroeconometric models than in studies using general equilibrium models. The
larger |ossescomefrom one of two mechanisms. In some macroeconometric models,
higher energy prices lead the Federal Reserve to raise interest rates, dampening
demand, raising unemployment, and reducing output. The same mechanism also
sows investment and productive capacity. In the DRI model, another mechanism
operates. therisein energy prices directly slows consumption growth by reducing
consumers’ real incomes without any rise in interest rates.

Among the general equilibrium models, the CETA and JWS models find unusually
large GDP losses given their estimates of the permit price (Figure 5-1). Inthe IWS
model, thisresult isdueto amuch larger declinein labor supply in responseto lower

41. TheEPPA, SGM-Administration, SGM-PNNL and WorldScan studies do not report changesin GDP.
42.  Many modelerstreat private consumption, government consumption and government investment together.

Thisisaclose approximation of total consumption. 1n 1999, 81 percent of government consumption and
investment was government consumption.
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real wagesthan that of other models. However, itisunclear why GDP lossislarger
in the CETA model than in the MERGE model, since both models use similar
assumptions. Among studies using macroeconometric models, Oxford has the
smallest GDP losses relative to permit price because Oxford assumes that the
reduction in GDP needed to prevent higher inflation is completed before 2010. As
aresult, by 2010 the rel ationshi p between permit priceand GDPin the Oxford model
issimilar to that in the general equilibrium models.

The percentage reduction in consumption is usually smaller than the percentage
reductionin GDP. Onereasonisthat the declinein GDP partly mirrorsadeclinein
productive capacity. Thismeansthat asmaller share of GDP needsto be devoted to
replacing depreciated capital, and that alarger share can go toward consumption. In
addition, reduced rates of return cause peopleto saveasmaller share of their income,
further softening the impact of lower GDP on consumption. So the general
equilibrium modelsin which lower investment accountsfor thelargest share of GDP
loss (CETA, MS-MRT and RICE) find unusually small lossesin consumption given
the change in GDP.*® However, the difference between the percentage declinesin
consumption and GDPislessapparent in the macroeconometric models, becausethe
more the Federal Reserve would have to raise interest rates in order to subdue
inflation, the more equity prices would fall, and the larger would be the decline in
consumption. Also, higher interest rates would boost saving, further reducing
consumption.

International Trading of Permits. Allowing international trading of permits would
reducethelossesin U.S. GDP and consumption associ ated with reducing greenhouse
gas emissions. Permit trading allows the United States to achieve some of its
emissions reductions in other countries, where those reductions are cheaper. Every
study finds that, under unrestricted permit trading, the reduction in the cost of
domestically allocated permitsoverwhel msthe cost of permitspurchased from abroad
(seeTable5-2). Lossesin GDP and consumptionwould belowest with global permit
trading, because permit priceswould be lowest. Limiting tradeto asmaller area, as
under the Kyoto Protocol, would boost | osses, but they would still befar smaller than
with no trade. Restricting purchases, so that the U.S. permit price did not equal the
international price, would remove many of the benefits of permit trading.

With unrestricted permit trading among Annex B countries, the model s estimate that
the GDP loss in 2010 would range between 0.2 percent and 2.0 percent of baseline

43. Thesemodelsand JWShavethelargest ratiosof GDPlossto direct cost. Any lossnot coming fromdirect
cost must come from lower investment or lower labor supply. 1n JWS, these other osses come primarily
from lower labor supply. In CETA, MS-MRT and RICE, which hold labor supply constant, they come
from lower investment.
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GDPif permits are not auctioned (see Table 5-3).* Those losses are roughly half as
large as they would be if permits could not be traded among Annex B countries.
Allowing unrestricted global trading of permits would reduce GDP loss further, to
between 0.1 percent and 1.0 percent of baseline GDP. Macroeconometric models
show larger losses than general equilibrium models.

With unrestricted permit trading among Annex B countries, estimates of thelossin
consumption in 2010 range from 0.1 percent to 1.7 percent of baseline levels, also
about half as large as they would be without permit trading. (G-Cubed is again the
exception; in that model, consumption rises 0.7 percent above baseline levels).
Allowingunrestricted global trading of permitswould reducethisrangeto 0.1 percent
t0 0.9 percent of baselinelevels. For most models, thechangein consumptionismore
closely correlated with the changein GDP pluspaymentsfor foreign permitsthan with
the change in GDP aone. Permit purchases reflect aloss of purchasing power not
captured by GDP.

Restricting internationa trade of permits would increase the losses to GDP and
consumption, because it would push up permit prices and energy prices. The MS
MRT study findsthat restricting permit purchasesfrom other countriesto 30 percent
of the difference between acountry’ s baseline emissions and its cap would boost the
loss in U.S. GDP from 0.8 percent to 1.2 percent of baseline GDP in 2010.
Removing restrictions on purchases but preventing the former Soviet bloc countries
from selling “hot air” would boost U.S. GDP lossto 1.1 percent of baseline GDPin
2010. According to the MERGE model, adding restrictions on U.S. purchases of
emissions permits could erase the benefits of an expanded permit market. Exact
losses would depend on the price that U.S. importers of permitspaid foreign sellers,
aprice that could fall anywhere between the domestic U.S. price and the domestic
price in permit-selling countries. If the price of imported permits equaled the
domestic pricein permit-selling countries—a* buyers’ market”—U.S. GDPloss (0.6
percent of baseline GDP) would be somewhat smaller than if sellers of permitscould
charge U.S. buyers the same price they paid for domestic permits (0.7 percent of
baseline GDP)—a “sellers’ market.”*

44. Most modelstreat U.S. purchases of foreign permits as a financial transaction, which is excluded from
the GDP accounts. The model synthesis estimates also follow this practice. However, the MERGE
model treats permit purchases as an import of a service, which thus subtracts from GDP.

45. One should treat the MERGE model’s estimates of GDP loss under international permit trading with
caution. That model treats purchases of permits as an import, and thus a charge against GDP. This
exaggerates GDPloss under international permit trading, and exaggeratesthedifferencein GDP between
the buyers and sellers’ markets.
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Impact on U.S. GDP and Consumption: Model Synthesis

According to a synthesis of model results (see Appendix B), the Kyoto Protocol
wouldreduce U.S. GDPin 2010 by 0.5 percent to 1.2 percent below itsbaselinelevel
and U.S. consumption in 2010 by 0.4 percent to 1.0 percent below baseline,
depending on how the treaty were implemented (see Table 5-4). (Incorporating
uncertainty about the price sensitivity of emissions expands these rangesto a GDP
loss of 0.4 percent to 1.5 percent and a consumption loss of 0.3 percent to 1.3
percent.) Without any international trade of emissions permits, U.S. GDP would
decline by 1.7 percent to 1.8 percent and U.S. consumption by about 1.2 percent in
2010. By contrast, U.S. GDP and consumption would each decline just 0.2 percent
below baseline levelsin 2010 with unrestricted global trading of permits.

GDPlossisclosely tied to permit pricesthrough their impact on prices of energy and
other emission-producing goodsand services. thelarger theimpact on energy prices,
the greater the GDP loss. Thus GDPlossissmallest with unrestricted global trading
of permitsandlargest with nointernational tradeof permits. Withinthe scenariosthat
are consistent with the Kyoto Protocol, restrictions on international trade of permits
raise domestic permit prices and magnify the losses to GDP and consumption. The
percentage changein consumptionissmaller than the percentagechangeinreal GDP,
for the same reasons discussed above.

Inthe caseof nointernational permit trading, the model synthesis produces estimates
of GDP loss that are larger than those from most genera equilibrium models, but
smaller than those from macroeconometric models. Thegeneral equilibrium models
do not consider the potential impacts of higher unemployment and lower capacity
utilization on GDP, which the synthesis includes. However, the synthesis assumes
that the adverse effects of higher unemployment and lower capacity utilization are
smaller and spread out over alonger period of time than most macroeconometric
models do.

With ideal implementation of international permit trading, the model synthesis
produces estimates of GDP loss comparable to those from general equilibrium
models, and smaller than those from macroeconometric models. On average, the
positive impact of a smaller required reduction in Annex B emissions (and thus a
lower permit price) on GDPinthe synthesisestimatesisoffset by theimpact of higher
unemployment and lower capacity utilization in those estimates.

In the case of acartel of permit-exporting countries, the size of the GDP |loss would
depend on the strategy followed by those countries. Thefiguresin Table 5-4 assume
that the countriesof theformer Soviet bloc sall just enough permitsto keep their own
domestic permit price at half the level of the international price. If, instead, those
countries attempted to maximize their gross national income—roughly, GDP plus
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permit revenues—Dby selling only their unused permits (known as hot air), losses
would besomewhat larger. U.S. GDPwouldfall by 0.7 percent below baselinelevels
in 2010, and U.S. consumption would fall by 0.6 percent.

With restrictions on permit purchases, losses in GDP and consumption would be
nearly thesameunder global trading asunder Annex B trading, because permit prices
in the United States would be the samein both cases. A difference would arise only
becausethepricethat the United Statespaid for foreign permitswould likely belower
under global trading, reducingthelossinU.S.income. That price could beanywhere
between the domestic permit price in the United States ($122 per metric ton of
carbon) and the domestic price in permit-exporting countries (zero), and would
depend ontherel ativebargaining power of buyersand sellersof permits. Sinceglobal
trading would increase the number of countries selling permits, the bargai ning power
of buyerswould rise, pushing down the price of imported permitsand lossesin GDP
and consumption.

If restrictions were placed on permit purchases and the import price of permits
equaled the domestic permit price of $122 per tonne, GDP would fall by 1.0 percent
below baselinelevelsand consumption would fall by 0.8 percent. Onthe other hand,
if thedomestic permit price remained unchanged but the price of foreign permitswas
zero, GDPwouldfall by 0.9 percent and consumption wouldfall by 0.6 percent. (The
differencein consumptionislarger than thedifferencein GDP because permitimports
reduce income, which affects consumption directly but affects GDP only through
reduced saving.) Thesynthesisestimatesfor restrictionson permit purchasesassume
that the price of imported permits is zero with global permit trading and halfway
between zero and $122 per tonne with Annex B trade of permits.

Among the Kyoto-consistent scenarios, losses in GDP and consumption are
somewhat higher under restrictions on permit salesthan under restrictions on permit
purchases. Thisisat |east partly dueto the specificrestrictionson salesand purchases
chosen. If, for example, therestriction on permit purchasesweretightened so that the
United States was required to achieve at least 75 percent of its obligation to reduce
emissions domesticaly, then losses in GDP and consumption would be larger than
with aprohibition on sales of hot air. Similarly, alooser restriction on permit sales
would reducelossesin GDP and consumption in that case below thosein the case of
restrictions on permit purchases.

Althoughlosing offsetsfrom emissionsof greenhouse gasesother than carbon dioxide
would boost permit prices significantly, it would increase losses to GDP and
consumptiononly dightly. Thisisbecausethetotal number of permitsrequired would
fall, since permitswould nolonger berequired for activitiesthat produced greenhouse
gases other than carbon dioxide. Lossesin GDP and consumption due to reductions



in carbon dioxide would rise, but losses due to reductionsin other greenhouse gases
would be eliminated.

Inevery scenario, if theUnited Statesreceived creditsfor carbon sequestered through
land use changes that occurred because of the Kyoto Protocol, then lossesin GDP
and consumption would be smaller than if no such credits were given. Such credits
would push permit prices lower than they otherwise would be, and reduce the
economic lossesfrom that source. Partly offsetting thisgain, GDP would fall by the
value of the agricultural products that the reforested land would have otherwise
produced, net of the value of farm inputs that would be freed for other uses.

Using revenues from a permit auction to cut tax rates would reduce losses in output
and consumption (see Box 5-1). Unfortunately, results from the surveyed models
weretoo few and too varied for meto construct asynthesis estimate of theimpact of
lower tax rates.

POTENTIAL IMPACTS ON INCOMES

The Kyoto Protocol could have alarger impact on the incomes of permit recipients
and of producers and consumers of energy than on the overall level of income, with
some households benefitting and some losing. The beneficiaries would be the
recipients of emissions rights, if such rights were allocated free of charge, or the
recipients of tax cuts or spending increases, if the permits were auctioned and the
revenues used to cut taxesor increase spending. Theloserswould be consumerswho
paid more for energy and for goods and services produced using energy, and energy
producers whose incomes decline from lower demand for their products.”® Many
households would find themselves both winners as stockholders or taxpayers and
losersasconsumersor energy producers. (Inaddition, taxpayerswould haveto cover
the higher cost of government purchasesand transfers, but would benefit from higher
profits taxes if emissions rights were allocated to companies free of change.)

The JWS model is the only one that directly addresses the potential distributional
impact of emissions reductions. It finds that wealthy households gain more or lose
less than poor households.

46. If greenhouse gases other than carbon dioxide are also capped, then the losers al so include consumers of
goods and services whose production causes such gases to be emitted, as well as the producers of those
goods and services.
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BOX 5-1
THE ECONOMIC IMPACT OF AUCTIONING PERMITS

Economic losses could be smaller than estimated in the previous section if permits were auctioned
and the revenues used to cut tax rates in ways that improved incentives to work and save. However,
the amount by which economic losses are reduced by permit auctions would depend on exactly how
auction revenueswere used. Studies disagree on the effects different methods of recycling revenues
would have. In addition, because the policy discussion has focused on permits given away for free,
few studies have looked at the implications of permit auctions. It isthus difficult to determine what
the effects of a particular use of auction revenues would be.

In the absence of international permit trading, the WS model indicatesthat if auction revenueswere
used to finance a cut in the corporate tax rate, the GDP loss from reducing emissions to 1990 levels
in 2010 would fall from 1.1 percent of baseline GDP with permits given away for freeto 0.4 percent.
The consumption losswould fall from 0.6 percent to 0.1 percent of the baseline. Although reductions
in emissions would still reduce investment below baseline levels, cutting taxes on corporate income
significantly eases the impact.

The WS model aso finds that if auction revenues were used to finance a cut in marginal tax rates
for individuals, labor hourswould jump by 1.1 percent, GDP by 0.4 percent, and private consumption
by 0.7 percent above baseline levels in 2010.4 This result assumes that labor supply responds
strongly to real wages and that the policy would raise the marginal after-tax wage rate.®

In apaper examining the impact of recycling auction revenues through a cut in the personal tax rate,
Parry, Williams and Goulder find much smaller positive effects from recycling than the WS model
does.® Although recycling still has a positive impact, it is not enough to overcome the negative
impacts of higher energy prices. Those authorsfind that revenue recycling reducesthe direct cost of
achieving a 25 percent reduction in emissions (about the same size asthe reduction in the WS study)
to roughly half of what it would be if permits were not auctioned.

47.

48.

49,

Total consumption (public plus private) would rise 0.9 percent above its baseline level, a larger
percentage than private consumption alone. In the JWS model, tax rates are exogenous, so government
spending adjusts to hold the deficit at baseline levels. Higher GDP thus boosts government spending,
while lower GDP reduces government spending. The SGM model follows the same practice.

In addition, it appears that the JWS study may understate the rise in consumer prices, and thus the fall
in real wages, from arise in permit costs. The JWS study reports that permits would add $1.20 per
million Btu (1996 dollars) to prices of refined petroleumin 2010. Starting from EIA’s baseline pricefor
refined petroleum of $7.94 per million Btu (1996 dollars) in 2010, a$1.20 per million Btu carbon charge
would boost the price of refined petroleum by 15.1 percent. (Thisincreaseislikely an underestimate of
the percentageimpact of permit costs on refined petroleum pricesin the WS study, both becausethe EIA
baseline includes gasoline taxes, which are not included in the output price for the refined petroleum
industry used by JWS, and because the real price index for refined petroleum falls between 1996 and
2010inthe WS study but isroughly unchanged in the EIA study.) The JWS study findsthat non-permit
costs of petroleum refiners fall 4.0 percent. Adding the 15.1 percent risein permit costs would mean a
10.5 percent rise in the price of refined petroleum. However, the JWS study finds that the price of
refined petroleumrisesjust 3.8 percent. Consumer prices of items containing refined petroleum may thus
be understated.

lan W. H. Parry, Roberton C. Williams, I11 and Lawrence H. Goulder, “When Can Carbon Abatement

Policies Increase Welfare? The Fundamental Role of Distorted Factor Markets,” Journal of
Environmental Economics and Management, vol. 37, no. 1 (1999), pp. 52-84.
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BOX 5-1
(continued)

The JWSmodel and the Parry, Williams and Goulder model assumethat workersare moreresponsive
to changes in the marginal after-tax wage than empirical work examined by CBO does* On the
other hand, most of the other models assume there is no response at al. Thus, most models would
find a much smaller beneficial impact from a cut in personal tax rates than these two models.

TheEIA study findsthat using auction revenuesto reduce Social Security tax rates of both employers
and employees would cut GDP losses by almost half. Reducing employer-paid Social Security tax
rates would cut labor costs and thus prices, which in turn would offset about half of the increase in
consumer pricesfrom higher energy prices. Withlower inflation, the Federal Reservewould not have
to tighten as much and unemployment would not rise as much. In addition, alower Social Security
tax for workers would raise their after-tax real wage, causing them to increase their labor supply.
The net result isthat |ossesin GDP and consumption would be much smaller than if the permitswere
given away for free.

Using the same macroeconomic model as EIA, DRI findsthat, in the absence of international permit
trading, the gain from recycling permit revenues would be smaller if the revenues were used to
increasethefederal surplusthanif they wereused to cut marginal tax rates. The positive effectsfrom
increasing the surplus stem from the boost to national saving. However, national saving would not
improve by much. Whilefederal government savingswould rise, business saving (profits) would fall
because businesses would no longer receive permits free of charge. Without international trade of
permits, DRI estimates that lossesin both GDP and consumption in 2010 would only be 0.2 percent
smaller than if permits were given away for free.

Only two studies examine the implications of permit auctions with international trading of permits.
The EIA study finds that using the auction revenues to cut the Social Security tax rate would reduce
losses in GDP and consumption by roughly half in scenarios that correspond to Annex B trading of
permits and global trading of permits. Parry, Williams and Goulder find that auctioning permits and
using the revenues to cut personal tax rates would reduce the direct cost of achieving a 15 percent
reductionin U.S. emissions by just over 50 percent of what it would be if permitswere not auctioned.

End of Box

Ananalysisof which househol dsgain and which househol dslose and how much they
gain or lose is beyond the scope of this paper. (CBO has analyzed that issue in
another study.®) However, it is easy to estimate how much could be redistributed.
The total amount gained is just the value of permits issued to U.S. households,
directly and indirectly, which is the volume of permits issued (the emissions cap)
multiplied by their price. (With restrictions on permit purchases from abroad, the
value of import quotas would also be part of thegains.) Theamount lostisthevaue
of permits issued plus the value of permits purchased from abroad, less |osses by

50. Congressional Budget Office, Labor Supply and Taxes, CBO Memorandum (January 1996).

51. Congressional Budget Office, Who Gains and Who Pays Under Carbon-Allowance Trading? The
Distributional Effects of Alternative Policy Designs (June 2000).
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foreign energy producers. In every study, the value of permits issued and used is
larger than the change in GDP. Consumers, rather than energy producers, bear the
lion’s share of the losses. However, consumer losses are more evenly distributed
across the population than producer losses are.

Winners: The Vaue of Permits Allocated

The studies indicate that the value of permitsissued in the United States would be
large (see Table5-5). Withunrestricted trading of permitsamong Annex B countries,
the models find that the value of permitsissued would be between $32 billion and
$281 hillion (in 1997 dollars) in 2010. Eliminating international trade of permits
would boost permit prices, raising the value of permitsissued to $114 billion to $524
billion. Global trading of permitswould reduce permit prices, reducing the value of
permits issued in the United States to $17 billion to $105 billion. Those amounts
would go to recipients of the permitsif permits are distributed free of charge, or to
the recipients of tax cuts or spending increases if the permits are auctioned and the
proceeds used to cut taxes or increase spending.

Usingthe synthesismodel, | estimatethat the value of permitsallocated to the United
States under the Kyoto Protocol would range from $86 billion to $223 billion (in
1997 dollars) in 2010, or 0.7 to 1.8 percent of GDP, depending on how the protocol
was interpreted and implemented (see Table 5-6). The lower estimate is almost 7
percent as large as CBO’'s January 2001 projection of revenues from individual
income taxesin 2010, and 36 percent aslarge as CBO’ s projection of revenuesfrom
corporate income taxes. The upper estimate is 17 percent as large as CBO's
projection revenuesfrom individual incometaxesin 2010, and 94 percent aslargeas
CBO'’ s projection of revenuesfrom corporate incometaxes. Thus, with restrictions
on permit sales by the former Soviet bloc and no offsets from reductions in other
greenhouse gases, receipts from a permit auction would be large enough to finance
a 17 percent reduction in tax rates on individual income.

If alimit were placed on permit purchases, a quota system would be needed to hold
permit purchasesbelow thelimit. Inthat case, thetotal valueof permitsissued would
include the value of emissions permits and the value of import permits (quotas). The
value of each quotawould equal the difference between the U.S. permit priceand the
price charged by theforeign seller. Thelatter price could be anywhere between zero
and theU.S. price of emissions permits, putting the val ue of quotas between zero and
$25billion (in 1997 dollars), according to asynthesisof model results. (That estimate
assumesthat the United Stateswoul d be constrained to achieve at | east 65 percent of
its Kyoto obligation with cuts in domestic emissions.)
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Without international trading of permits, the value of permits would rise to $331
billion (1997 dollars) in 2010, or 2.7 permit of GDP, 25 percent aslargeas CBO’s
January 2001 projection of revenues from individual income taxes in 2010, and 39
percent larger than CBO’ sprojection of revenuesfrom corporateincometaxes. If the
Kyoto Protocol wereamended toincludeall countries, however, the value of permits
would be much smaller. The value of permits would be smaller than under the
existing Kyoto Protocol, aslong as significant limitswere not put on U.S. purchases
of foreign permits.

Losers: The Vaue of Permits Used

These gains would come at the expense of energy producers and households
consuming goods and services whose production or use causes greenhouse gases to
beemitted. Consumerswould suffer most of theselosses. Under theKyoto Protocol,
higher prices for U.S. consumers would account for between 94 percent and 96
percent of the value of permits used, and income losses by energy producers would
account for theremaining amounts.® Moreover, if restrictionson permit tradingwere
imposed, permit priceswould rise proportionately more than crude oil pricesfall, so
that the consumer share of the total loss would aso rise. Thus, eliminating
international trade of permitswould boost consumers' share of thelossto 96 percent
of the value of permits used, while unrestricted global trading of permits would
reduce it to 90 percent.

Foreign producers would absorb more than half of producers share of losses. The
biggest source of loss for producers would be lower oil prices. (The United States
is projected to import more than two thirds of the crude oil it usesin 2010.) Both
domestic andforeignrefinerswoul d have excess capacity and would beforced totrim
their margins. Thepriceof coa wouldalsofal, resultinginlower incomesfor miners
and mine owners. On the other side, if usage of natural gasrose, natural gas prices
would rise, raising incomes of natural gas producers. Most natural gas used in the
United States is also produced here, so this factor would primarily help raise U.S.
incomes.

With international trade of permits, wealth would be transferred from the United
Statesto other countries, on net. That is, the value of permits purchased from abroad
would greatly exceed the drop in foreign income from lower prices for fossil fuels
consumed in the United States. Without international trade of permits, paymentsfor
foreign permits would disappear, but there would be asmall net inflow from foreign

52. Thisincludes only lower margins of energy producers, e.g., lower wage ratesfor coal minerswho retain
their jobs and lower profit marginsfor oil producers. It does not include reductionsin incomes of labor
and capital no longer employed in the energy industry, such as laid-off coal miners or abandoned coal
mines. These are not redistributed to anyone, but are simply lost.
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crude oil producers to U.S. consumers of petroleum products. As noted above,
however, the transfer from domestic energy consumers to permit recipients would
grow significantly.*

53. Theissue of net transfersis complicated by foreign ownership of stock in U.S. companies that receive
permits and domestic ownership of stock in foreign companies that receive permits.
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APPENDIX A
THE PRICE SENSITIVITY OF EMISSIONS AND THE PRICE OF
CARBON-ENERGY

The price sensitivity of carbon emissions measures how carbon emissions changein
response to changes in the price of carbon-energy due to emissions charges. The
price of carbon-energy isthe price that users of energy generated from coal, oil and
natural gas pay per metric ton of carbon embodied in these fuels and emitted when
they areburned. Thisappendix definestheseconceptsin moredetail, showshow they
are used in this study and how they were cal culated from the models’ results.

Price Sensitivity of Carbon Emissions

The price sensitivity of carbon emissions equals the logarithm change in carbon
intensity (carbon emissionsdivided by real GDP), divided by thelogarithm of oneplus
theratio of the permit priceto the baseline price of carbon-energy. Thisisequivaent
to dividing the logarithm change in carbon emissions minusthe logarithm changein
GDP by the logarithm of one plus the ratio of the permit price to the baseline price
of carbon-energy. Mathematically,

[ ( Eim Ey T
s=|In P8 ||| o heeline In(1+)

[GD I:)final J (GD Pbaseline )]/ P

_ Fln Efinal |n GDPfinaI |n(1+T)
- | Ebaseline GDPbaseIine P ,

where sisprice sensitivity, E is carbon emissions, T isthe permit price, and Pisthe
baseline price of carbon-energy. Price sensitivity is a negative number.

Logarithms are preferred to percentage changes because the percentage increase in
the price of carbon-energy needed to reduce emissions by agiven percentage amount
rises asthe level of emissionsfalls. That is, doubling the permit price leads to less
than a doubling of the amount of carbon emissions mitigated.

If one knows price sensitivity, one can rearrange the above formulato determine the
level of emissions produced at a given permit price:

GDP; TY
Efinal = Ebaseline X(ﬁ]x(l +—) )
G'DPbaseIine P

Alternatively, the same formula can be rearranged to show what permit price is
required to achieve a given reduction in emissions:
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The definition of price sensitivity assumes that, al else equa at a given time,
emissions are proportional to real GDP. That is, an extra one percent of GDP will
push emissions up one percent. Most economic models make assumptions about
energy usage that guarantee a similar result. For the models that do not report
GDP—EPPA, SGM and WorldScan—I used direct cost as an estimate of thelossin
real GDPin calculating price sensitivity. Direct cost almost certainly understatesthe
actual loss in GDP, and thus leads to an overstatement of price sensitivity in these
models. That is, theless of the reduction in emissions explained by lower GDP, the
more explained by higher energy prices.

The price sensitivity of carbon emissions is similar in many ways to a demand
elasticity for carbon-energy, but there are two important differences. First, the price
sensitivity of emissions captures both changes in demand for carbon-energy and
substitutions between fuel swith different carbon contents. Second, price sensitivity
measures the response of emissionsto the permit price, rather than to changesin the
priceof carbon-energy, and thusincludessupply effects. Differencesin supply prices
(the price of energy excluding permit costs) cause differences between the permit
price and the change in the price of carbon-energy. For example, if lower demand
causes the price of crude ail to fall, the change in the price of carbon-energy will be
smaller thanthepermit price. Thefirst factor will makethe pricesensitivity of carbon
emissions larger than the elasticity of demand for carbon-energy, while the second
factor will partially offset this effect.

The Basdaline Price of Carbon-Enerqy

The price of carbon-energy is calculated from the prices paid by the end users of
energy. Except for the case of fuel-switching by electric utilities, the amount of
emissions produced is determined by these end users. For example, motorists base
their decisions on the type of car to buy and how much to drive it on the price they
pay at the pump. The priceof crudeoil will affect their consumption of gasoline, and
the emissions from it, only to the extent that it affects the retail price of gasoline.
Similarly, consumersof coal-based e ectricity will basetheir usage of €l ectricity onthe
price of that electricity, not on the price of the coa used to make it, except to the
extent that the coal price affects the electricity price.

The baseline price of carbon-energy must be aggregated from the prices of many
individual energy products, such asgasoline, diesel fuel, jet fuel, heating oil, delivered
natural gas, and electricity, each with their own price per metric ton of emissions.
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Since emissions data are only available by fossil fuel type and by broad industrial
category from any of the models, the first step in the aggregation is to create a price
of carbon-energy for each fuel—coal, natural gas and petroleum. Thisis done by
dividingtotal dollarsspent onfinal energy from each fuel by emissionsfromthat fuel.

The second step aggregates prices of energy from each fuel into a single price of
carbon-energy that can be used in cal culating the price sensitivity of emissions. For
this purpose, | assume that the price sensitivity of each fuel, excluding substitution
between fuels, isequal, and that the effect of substitution between fuelson emissions
can be captured mathematically by an expression that relates the permit priceto the
overall price of carbon-energy. That is,

s r r ¢ X
E
B (1+1) __Ee 1+—T + Ey 1+—T +—P 1+—T +z—E (1+T—) -1
eopU P) “epp{ R ) eoP{ PR ) "GDP| P, ) GDP|U P

where r is the price sensitivity of emissions of each fuel, excluding the effects of
substitution between fuels, the subscripts ¢, n and p denote coal, natural gas and
petroleum, respectively, and E; and P, denote baseline emissions from fuel i and the
baseline price of energy fromfuel i. The parameter z isarough approximation of the
total share of emissionsthat can be eliminated by fuel substitution, and the parameter
X governs how this substitution relatesto the permit price. Each side of the equation
is an expression for economy-wide emissions intensity (the ratio of emissions to
GDP).

Becausetheabove equationisnonlinear, thereisno single Pthat, given the pricesfor
each fuel, will satisfy this equation exactly for all permit prices T. For the sake of
simplicity, this study defines the equation to hold around a permit price of zero. In
other words, starting from apermit price of zero, the baseline price of carbon-energy
isdefined so that theleft- and right-hand sides of the equation both producethe same
ratio of emissionsto GDPfor small increasesin the permit price. Taking derivatives
of both sides of the above equation with respect to T, and then setting T to zero yields
the following equation:

E 1 E. 1 E, 1 E, 1
(s—xz) — =T T —+r —.

GDP P GDP P, GDP P, GDP P,
Thereduction in overall emissionsintensity (from s) lessthe reduction in emissions

intensity from substitution effects (from xz) equal sthe reduction in emissionsintensity
from higher costs of using each type of fuel (the right-hand side of the equation).

Anexpression for P can be obtained by solving thisequation for P and setting sequal
tor plusxz, i.e., s-xz=r. Thus,

E E E B
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a CES (constant elasticity of substitution) weighting of energy prices, with the
substitution parameter equal to 1. The baseline price for carbon-energy is the
reciprocal of aweighted average of the reciprocals of the prices of energy from each
fuel.

Thesameformulaisused to aggregate baseline energy pricesacrosscountries. Inthis
case, the subscripts refer to countries instead of fuels. The baseline price is the
reciprocal of aweighted average of the reciprocals of the prices of energy from each
country. This aggregation assumes that the price sensitivity in each country being
aggregated is the same.

In theory, there are two reasons the results could be distorted, though any distortion
seemslikelytobesmall. First, asthepermit pricerisesand emissionsfal, therelative
weight of the higher-cost fuels rises, because reductionsin the lower-cost fuels are
disproportionately large. Second, asthe permit price rises, opportunities for further
reductions in emissions from fuel-switching disappear faster than opportunities for
further reductionsin final use of carbon-energy. Both of these should tend to cause
the estimated price sensitivity of emissions to decline as permit prices rise, and
consequently the pricesensitivity should belowest when no permit tradingisallowed.
However, the models give mixed results. roughly one-third find this expected
relationship, another third find that trading lowers price sensitivity, and another third
find that trading has a negligible impact on price sensitivity (less than a5 percent
change).

Constructing the Baseline Price of Carbon-Energy for the United States. The price
of carbon-energy isthe pricethat users of energy generated from coal, oil and natural
gas pay per metric ton of carbon emissions. For each fuel, I calculate this price by
dividing themarket value of the energy produced by that fuel by the carbon emissions
generated by that fuel. For the non-electricity portion of the energy from each fuel,
the market value is the amount of energy delivered to end-users times the average
salespriceof that energy. (For petroleum, | excludethevalue of non-energy products
such as asphalt, most plastics and motor oil, since these do not produce carbon
emissions.) For theelectricity portion, the market valuefor agiven fuel isthat fuel’s
share of the total inputs to electricity generation times the total market value of
electricity. Thisimplicitly assumes that electricity from every sourceis sold at the
same price.

Severa studiesprovideall or most of the dataneeded for thesecalculations. TheEIA
study and editions of the EIA’s Annual Energy Outlook used by SGM-Admin and
SGM-PNNL containall therequisitedata. The DRI and WEFA studies contain most
of the dataneeded. Missing data on shares of each type of fuel going to various end
uses werefilled in using data from the EIA study.
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Severa other studies—those using the AIM, EPPA, G-Cubed, GTEM, JWS, MS-
MRT and Oxford models—provide priceindexesfor electricity, refined petroleum (or
gasoline) and natural gas, but incompl eteor inconsistent datafor quantitiesof fuels.>
These pricesare converted to pricesfor final users by assuming that real distribution
costsandindirect taxes(most important in the case of refined petroleum) areconstant
inreal terms.* Emissionsand quantitiesof energy used aretaken from EIA’sAnnual
Energy Outlook 1998 (AEO98), which contains datavery similar to that used in the
EIA study. The estimated price of carbon-energy is not very sensitive to the choice
of data source for emissions and energy use.

One model, RICE, contains its own measure of the price of carbon-energy. This
equal sthewholesale price of carbon-energy, which isassumed to be constant across
al regions, plusamarkup over thewholesaleprice, which variesby region. Historical
values of the price of carbon-energy for the United States are somewhat larger than
| calculate, while historical values for some developing countries are smaller.

Datafor energy prices were not available for the studies using the CETA, MERGE
and WorldScan models. For thesegeneral equilibrium models, | usetheaverageprice
of carbon-energy from the eight general equilibrium models for which a price of
carbon-energy can be calculated. (RICE is not included in this average, since its
historical values are inconsistent with those assumed for the other models.)

Constructing Baseline Prices of Carbon-Energy for Other Countries. None of the
studies contain energy forecastsfor other countries with the same detail asthat used
to construct the baseline price of carbon-energy for the United States. To construct
forecasts of the baseline price of carbon-energy for other countries, | essentialy
calculate historical differencesin pricesof carbon-energy between the United States
and other countries, and then add these to the forecast for U.S. prices.

Thelnternational Energy Agency providespricedatafor electricity to householdsand
industry, regular and premium gasoline, light fuel oil for industry, commercia and
non-commercial diesel fuel, high sulphur fuel oil to industry, and natural gas to
industry and householdsfor several foreign countries.®® Datafor 1996, denominated
inforeign currencies, are converted to U.S. dollar values using 1996 exchange rates.

54. Onestudy projectslower consumption of each fossil fuel in 2010 than the EIA study, but at the sametime
projects higher carbon emissions.

55. Inthe EPPA, price data are in units of efficiency labor. | assume that the price of efficiency labor rises
at the same rate as the GDP price index.

56. International Energy Agency, Energy Prices & Taxes: Quarterly Satistics, no. 1 (1999). Countries
covered include the United States, OECD Europe (including the Czech Republic, Hungary and Poland),
Australia, Canada, China, India, Indonesia, Japan, Kazakhstan, South Korea, Mexico, New Zealand,
Romania, Russia, Slovakia, South Africa, Taiwan, Thailand, Turkey and Venezuela.
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Vaue added tax is removed from prices subject toit.>” For each country, prices per
Btu of fossil fuel for various end uses of that fuel are weighted together using EIA
data on end use consumption by country, or using U.S. weights where country data
aremissing. For countriesfor which pricedataisunavailable, pricedatafromsimilar
countries or countries in the same region are used.® These steps produce estimates
of the price of energy per Btu of fossil fuel by fuel and by country for 1996.

To obtain the price of carbon-energy by fuel and country, | then multiply these
estimates by the U.S. ratio of the price of energy per metric ton of carbon to the price
of energy per Btu, for each fuel. These estimates of the price of carbon-energy for
each fuel by country are then aggregated to estimates of the price of carbon-energy
for each fuel for broader regions using the same formula used to aggregate the price
of carbon-energy across fuels.

To obtain model-specific forecasts of the baseline price of carbon-energy in 2010, it
isassumed that the difference between foreign and U.S. prices of carbon-energy, by
fuel, arethesamein 2010 asin 1996. In other words, the differences obtained above
for 1996 are added to each model’ s 2010 estimate for the price of carbon-energy, by
fuel. (In caseswhere differenceslead to unrealistically low pricesin Chinaand the
former Soviet Union, a multiplicative adjustment is made.) These prices are then
aggregated across fuels using the CES aggregation formula developed above, to
obtain estimates of the baseline price of carbon-energy for Annex B and the non-
Annex B countries. Finally, these estimates are converted to 1997 dollars.

57. Thevalue added tax (VAT) would be applied to the permit component of final energy prices, just as it
isto the non-permit (baseline) components of energy prices. To make the baseline price comparable to
the permit price, one therefore must remove VAT from both.

58. TheCzech Republic, Hungary, Poland, Romaniaand Slovakiaare used for unavailable eastern European
countries, Kazakhstan and Russia are used for unavailable countries of the former Soviet Union,
Indonesia, Thailand and Taiwan are used for missing Asian countries, excluding the Middle East, Brazil
is used for missing Central and South American countries, South Africais used for the rest of Africa,
excluding the Middle East, and the oil exporters Indonesia, Mexico and Venezuela are used for the
Middle East, excluding Turkey.
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APPENDI X B
ORIGINSOF MODEL SYNTHESISESTIMATES

Thisappendix showshow thevariousestimates of theeffectsof emissionsreductions
onthe U.S. economy were synthesized into asingle estimate using asimpl e reduced-
form model. The guiding principle of this model is to base its properties on the
properties of the models wherever possible. In some cases, that principle meant
making adjustments to models that made unrealistic assumptions. In other cases, it
meant using only the subset of models that examined a particular issue, such as
emissionsleakage. In caseswheremodel ersuseother sources, it meant using updated
projections from those sources.

Emissions Basalines and Caps

Few modelers claim specia expertise in forecasting baseline emissions of carbon
dioxide. Instead, many of them base their estimates on work done by the EIA. This
paper uses the projections of carbon dioxide emissions from EIA’s March 2000
report.”® For consistency, | used estimates of carbon dioxide caps for the Kyoto
protocol from the samepublication. Because EIA’ sprojectionsof emissionsfor many
countries were lower in 2000 than they had been when modelers prepared their
analysis in 1998, smaller percentagereductionsinemissionsarerequiredinthemodel
synthesisestimatesthanin most of thestudies. Since 2000, however, EIA hasrevised
its emissions projections up, pushing required reductions in emissions higher again.

Unfortunately, EIA does not project emissions of the five other greenhouse gases:
methane, nitrous oxide, perfluorocarbons, hydrofluorocarbons, and sulfur
hexaflouride. However, studiesfrom three model ers—EPPA, SGM-Administration
and SGM-PNNL—do.® For Annex B countries, | used the average emissions
baselines and Kyoto caps for other gases from those three studies. None of the
studies provided estimates of other greenhouse gasesfor non-Annex B countries, but
instead assumed that any extension of the Kyoto Protocol to include non-Annex B
countrieswould exempt emissions of these gasesin those countries. | madethe same
assumption.

59.  Energy Information Administration, International Energy Outlook 2000, DOE/EIA-0484 (March 2000).

60. The EPPA estimates are from John Reilly, Ronald G. Prinn, Jochen Harnisch, Jean Fitzmaurice, Henry
D. Jacoby, David Klicklighter, Peter H. Stone, Andrei P. Sokolov and Chien Wang, Multi-Gas
Assessment of the Kyoto Protocol, Report Series No. 45 (Cambridge, MA: MIT, Joint Program on the
Science and Policy of Global Change, January 1999).
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Forest Growth. Baseline estimates of greenhouse gases sequestered by cropland,
grazing land and managed forests are based on country submissions to the United
Nations Framework Convention on Climate Change.®® The estimate of credits for
carbon sinksin 2010 isthe amount of carbon sequestered in the most recent year for
which an estimateisavailablein that document. For most Annex B countries, thisis
1998.

GDP and Emissions. The model synthesis uses CBO’ s January 2000 projection of
real GDP for the United States, and EIA projections for other countries. Although
CBO’sprojection for U.S. GDP in 2010 is nearly 9 percent higher than EIA’Ss, it is
difficult to determinewhether CBO’ shigher GDPwouldimply higher emissionsthan
EIA’s. For example, if the extra output in CBO’s projection stems from higher
investment in computersand semiconductors, emissionswoul d probably besimilar to
EIA’s. Consequently, | smply used EIA’ semissions projectionwithout adjustments.
A higher emissions projection would mean higher permit pricesand greater lossesin
GDP and consumption, but a greater environmental benefit. The baseline price of
carbon-energy was derived as described in Appendix A.

Price Sensitivity of Carbon Emissions

Every study surveyed in this paper estimates what permit prices would be in the
United Stateswithout international trade of permits. Thus, thiscaseprovidesauseful
benchmark. | use estimates of price sensitivity from that benchmark to develop
estimates of price sensitivity for the other trading scenarios and for other countries.

U.S. Price Sensitivity, with no International Tradeof Permits. Todevel op an estimate

of the price sensitivity of U.S. carbon emissions, | adjusted the price sensitivities of

each model for known problems (if possible), and then took a geometric average of

theresulting price sensitivities (see Table B-1). My adjustments attempt to deal with

four types of problems found in some of the models:

* theoretical assumptions about responses to energy prices contradicted by the
empirical evidence;

* reductionsin carbon dioxideemissionsthat exceed thereductioninthe consumption
of carbon-energy;

« unrealistically large or small implied increasesin nuclear and hydroel ectric power;
and

* responses to the expected rise in energy prices that either begin too late or are
completed too quickly.

61. United Nations Framework Convention on Climate Change, Greenhouse Gas Inventory Database, 2000
(available at www.unfccc.de).

57



Another possiblefactor that artificially inflatesprice sensitivity in at |east onemodel,
but isnot explored here, isthe treatment of lower coal exportsasareductioninU.S.
emissions. Coal exports do not count as emissions under the Kyoto Protocol.

The G-Cubed, RICE and WorldScan models assume that the elasticity of energy
demand is 1.0; that is, each one percent rise in energy prices produces a one percent
fall indemand. Thisestimate of the elasticity of energy demand is much higher than
thatintheempirical literature. In G-Cubed, thisassumption affectsonly final demand,
through a Cobb-Douglas utility function. The RICE and WorldScan models use
Cobb-Douglas production functions to determine energy demand throughout the
economy.® Since price sensitivities in those two models depend entirely on this
assumption, they are excluded from the synthesis calculations. G-Cubed uses
estimated elasticities in industry production functions, and so provides some
empirically-based information, but the adjustment required for thedemand el asticities
islarge.

Several models assume that the percentage reduction in emissions can exceed the
percentage reduction in carbon-energy. This assumption can take different forms.
For example, some models assume that refiners can produce the same amount of
gasoline by using more labor and capital and less crudeoil. (If amodel assumesthat
emissions are proportional to sales of refined products rather than crude oil, then
unrealistic assumptions about crude oil usage do not affect estimated emissions or
price sensitivity.) Inthe AIM and SGM models, such substitution can take placein
both the petroleum refining and natural gas utility industries. In EPPA, the amount
of substitution is greater, but it takes place only in the natural gas utility industry,
which is lumped together with the electricity industry.

Emissions reductions can also exceed reductions in consumption of fossil fuelsin
modelsinwhich emissionsfromfossil fuel sare assumed proportional to total salesof
refined products, including intra-industry sales. The problem in these modelsisthat
intra-industry sales frequently do not generate emissions. For example, when gas
utilities sell less gas to each other or coa mines buy fewer services from mining
service companies, the total amount of emissions does not change. 1n the G-Cubed
and IWSmodels, however, reductionsin such salesare assumed to reduce emissions.
Those models assume that firms cut back on intra-industry sales disproportionately
asthepermit pricerises, which artificially reducesemissions. For example, inthe G-
Cubed model, total salesof coal fall by 45 percent in 2010 without international trade
of permits, while non intra-industry sales of coal fall by just 40 percent. Thus, cod

62. DRI uses a Cobb-Douglas production function to determine the impact of labor, capital and energy on
potential GDP, but not to determine the demand for energy. While this is internally inconsistent, it
allows energy demand to be modeled consistently with the empirical evidence.
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emissionsareestimated tofall by 45 percent, eventhough net coal usagedeclinesonly
40 percent.

Any model that does not separate el ectricity by fuel source may inadvertently assume
unrealistically large increases in electricity from non-fossil sources. In making my
adjustments, | make the judgment that any increasesin electricity from nuclear and
renewable sources (e.g., wind and biomass) that are 50 percent larger than those
found by EIA at asimilar permit price in 2020 are unrealistically large. Instead, |
assume that the additional electricity would be generated by natural gas instead.
(Assuming generation by coal would increasethe adjustment.) Such adjustmentsare
required for EPPA, G-Cubed, and JWS. Although the MS-MRT model does not
break out electricity by fuel source, it does not appear to imply unrealistically large
increases in electricity from non-fossil sources.

Other model sassumethat nuclear energy remains at baselinelevel swhen the costs of
using fossil fuelsrise, an assumption that seems somewhat unrealistic given that the
lifetime of nuclear plants can be extended. To address this issue, | made small
adjustmentsto estimatesof pricesensitivity fromtheDRI, GTEM, Oxford and WEFA
models, by assuming the sameincrease in nuclear generation over baselinelevelsas
in the EIA model.

The CETA, WS, RICE and WorldScan modelsall assumethat capital and labor can
beadjusted immediately at no cost. Inother words, businesses can changethe energy
efficiency of existing equipment at no cost, and can transform coal minesand mining
equipment into nuclear power plantsat no cost. Although such adjustmentsarenearly
costlessinthelong run (when existing equi pment has depreci ated and decisionsabout
new investment have to be made), they are not costless in the short run. | adjusted
the estimates of price sensitivity in these models by the average ratio of price
sensitivity in 2010 to that in 2020 for the other models (see Table 3-2). (This
adjustment is conservative, since many models assume adjustments continue after
2020.) Suchratiosrange between 0.48inthe EPPA model, inwhich adjustment takes
place most slowly, to 1.00 in the Oxford model, in which adjustments are not
immediate but are nonetheless completed by 2010.

Initsoriginal study, EIA assumesthat househol ds and businesses outside the electric
generating sector do not begin to respond to the prospect of higher energy pricesuntil
2005. Inalater study, EIA assumes those responses begin in 2000. For EIA, | use
the estimate of price sensitivity derived from the latter study.

| usethe geometric mean of the adjusted estimates of price sensitivity fromall but the
RICE and WorldScan models to devel op an estimate for the model synthesis. That
estimate is -0.536, which is lower than the geometric mean of the unadjusted
estimates because most of the adjustments madeto estimatesfrom the studiesreduce
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price sensitivity. To avoid counting the SGM model twice, results from the studies
by the Administration and Battelle PNNL are averaged together. Although the
CETA, MERGE and MS-MRT models share many parameters, the adjusted price
sensitivities in these models are close enough to the model synthesis estimate that
averaging these modelswould havelittleimpact. DRI and EIA use the same model
for GDP results, but they use different models for energy demand, and thus are
treated separately.

U.S. Price Senditivity, with International Trade of Permits. | use the same price
sensitivity for the United States with permit trading as without permit trading.
Although theory suggeststhat price sensitivity might be higher at lower permit prices
(see Appendix A), themodelsprovidelittle support for thisproposition. On average,
price sensitivity is 4 percent higher with Annex B trade of permits but 12 percent
lower with global trade of permitsthan without international trade of permits. (These
figures are not comparable, since fewer modelsexamine global trade of permitsthan
Annex B trade of permits) One way to interpret this observation is that fuel
substitution becomes more economical above athreshold permit price (somewhere
around $100 per metric ton of carbon), but that opportunitiesfor fuel substitution are
slowly exhausted at higher prices. Sincethevariationsin price sensitivity are small,
| use asingle estimate for al scenarios.

Empirical Estimatesof the Price Sengitivity of Carbon EmissionsintheUnited States.
Theestimate of price sensitivity thusderived from the model sagreesclosely with the
available empirical evidence. In 1993, Carol Dahl surveyed estimates of energy
demand elasticities from more than 400 studies, providing summary estimates of
short-run and long-run own-price and cross-priceelasticitiesfor cod, oil, natural gas
and electricity intheresidential, commercial, industrial and transportation sectors.®
| obtai ned medium-run el asti citiesby averaging thelong-run and short-run el asticities.
These elasticities were then combined with changes in energy prices from the EIA
scenarios to determine what emissions would be if EIA’s NEMS model used these
elasticitiesinstead of itsown. (Fuel substitutionin el ectricity generation wasassumed
to occur at the sameratesasin EIA’s early start study.) Using this emissions data,
price sensitivities could then be calcul ated for the various scenarios consistent with
Dahl’s summary estimates of price elasticities.

The estimates of price sensitivity derived from thisexercise are surprisingly closeto
those obtained from the models. Price sensitivity averages -0.53 over the EIA
scenarios, about the same as the adjusted model average. As in the models, price
sensitivity roughly equals this value with no international trade of permits (a permit

63. Carol Dahl, “A Survey of Energy Demand Elasticities in Support of the Development of the NEMS’
(working paper, Colorado School of Mines, October 1993). In using the estimates from this survey, | set
negative cross-price elasticities to zero, and reduced large positive cross-price elasticities so that they
were equal in absolute value to the corresponding own-price elasticities.
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price of about $350 per metric ton of carbon), is somewhat lower (-0.49) with global
trade of permits (a permit price of $70 per metric ton), and is slightly higher (-0.55
to -0.56) in intermediate cases (permit prices of $130 to $300 per metric ton).

Those price sensitivity estimates assume that energy users begin to anticipate higher
future energy prices in 2000 or 2001. If energy users began to anticipate higher
energy prices at a later date, energy users would have less time to respond, and
demand elasticities would be closer to the short-run estimates, pushing price
sensitivity lower. Ontheother hand, if capsappliedto 2020 instead of 2010, demand
el asticitieswould be closer to thelong-run estimates, pushing pricesensitivity higher.

The Price Sensitivity of Carbon Emissionsin Other Countries. The modelsdisagree
onwhether pricesensitivity in other Annex B countrieswould belower or higher than
in the United States. Most models assume price sensitivity would be lower in other
countries, but some models, most notably GTEM and WorldScan, assume price
sensitivity would be much higher in other countriesthan in the United States. Thus,
while the median ratio of price sensitivity in overall Annex B to that in the United
Statesis0.89, GTEM and WorldScan push the geometric average ratio up to 1.02.%
The geometric average of theratio is0.95 if one excludes those two models and the
two model swith thelowest ratios of pricesensitivity inoverall Annex B tothat inthe
United States (RICE and SGM). That isthe assumption used in the model synthesis.

The modelsalso disagree about the price sensitivity in countries outside of Annex B.
Some models (AIM, CETA and MERGE) assume price sensitivity would be much
lower among non-Annex B countries than within Annex B, while SGM assumes it
would be much higher. Other modelslooking at non-Annex B emissionswith global
trade of permits (G-Cubed, MS-MRT and RICE) assume price sensitivity outside
Annex B would be no morethan 11 percent above or below itsvalueinside Annex B.
On average, the model s find price sensitivity somewhat lower outside Annex B than
insideit.

In cal culating model synthesisestimates, | assumethat price sensitivity inboth overall
Annex B and in the non-Annex B countriesis 95 percent as large as in the United
States. In addition to the model evidence, theory suggests two reasons why price
sensitivity should be lower outside the United Statesthan insideit. First, because of
their greater dependence on nuclear power, Japan and Europe have fewer
opportunitiesfor fuel substitution intheelectricity industry. Second, energy usersin
theformer Soviet bloc and the non-Annex B countries may not respond asreadily to

64. Thesefiguresdo not include resultsfrom the study using the G-Cubed model. For theformer Soviet bloc,
that study uses results from the SGM model, which are not consistent with those that would be obtained
using the G-Cubed model for this region.
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changes in energy prices as energy users in the United States, who have a long
experience with free markets.

Price Sensitivity of Emissions of Other Greenhouse Gases

While many economists have implicitly examined how carbon dioxide emissions
respondto changesin pricesof carbon-energy, few if any have studied how emissions
of other greenhouse gases respond to changesin their price. The economic models
surveyed in this paper take two approaches: either they assume that emissions of
other greenhouse gases respond the same as emissions of carbon dioxide (SGM-
PNNL), or they use technol ogy-based estimates of how much emitters theoretically
could reduce emissions at various prices (SGM-Administration and a recent study
using EPPA®). Neither of these approaches seems appropriate. The first option
makes no use of available information from technology-based studies; the second
option treats the information from the technol ogy-based studies as consistent with
information on carbon emissions from economic studies.

This paper takes a different approach: | derive a synthesis estimate of the price
sensitivity of emissionsof other greenhouse gasesby adj usting the price sensitivity of
carbon emissions obtained from the economic studies by theratio between estimates
of pricesengitivitiesof carbon dioxideand methane obtained fromtwo representative
technology-based studies. (Methane is the most important of the other greenhouse
gases.) Inother words, the percentage reduction in methanein one technol ogy-based
study ishigher than the percentage reductionin carbon dioxidein another technol ogy-
based study, so | assume that the price sensitivity of other greenhouse gasesislarger
than the price sengitivity of carbon dioxide by a similar amount. This procedure
assumesthat the excessof price sensitivity intechnol ogy-based model srel ativeto that
in economic modelsis the same for all greenhouse gases.

A technol ogy-based study of carbon emissionsby five scientificlaboratoriesfindsthat
a permit price of $50 per metric ton of carbon equivalent produces a 23 percent
reductioninemissions.®® AnEPA technol ogy-based study of methaneemissionsfinds

65. John Relilly, Ronald G. Prinn, Jochen Harnisch, Jean Fitzmaurice, Henry D. Jacoby, David Kicklighter,
Peter H. Stone, Andrei P. Sokolov and Chien Wang, Multi-Gas Assessment of the Kyoto Protocol Report
No. 45 (Cambridge, MA: MIT, Joint Program on the Science and Policy of Global Change, January
1999). Seealso John Reilly, MonikaMayer and Jochen Harnisch, Multiple Gas Control Under the Kyoto
Agreement Report No. 58 (Cambridge, MA: MIT, Joint Program on the Science and Policy of Global
Change, March 2000).

66. Interlaboratory Working Group on Energy-Efficient and L ow-Carbon Technologies, Scenarios of U.S.
Carbon Reductions: Potential Impacts of Energy-Efficient and Low Carbon Technologies by 2010 and
Beyond (Oak Ridge National Laboratory, Lawrence Berkeley National Laboratory, Pacific Northwest
National Laboratory, National Renewable Energy Laboratory, and Argonne National Laboratory,
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that the same permit priceyieldsroughly a35 percent reductioninemissions.®” Using
ElA'sbaseline priceof carbon emissionsfor the sakeof comparability, thesenumbers
imply price sensitivities of -1.66 for carbon dioxide and -2.74 for methane. Thus, |
assumethe price sensitivity for other greenhouse gasesis 1.65 (2.74 divided by 1.66)
times as large as the price sensitivity for carbon dioxide, or -0.88 for the United
States.®®

Range of Uncertainty for Estimates of Permit Prices

This study only examines the uncertainty in permit prices coming from uncertainty
about the estimate of price sensitivity. (As explained in Chapter 2, errors in the
forecast of baseline emissionswould change both the costs and benefits of the Kyoto
Protocol in the same direction.) This uncertainty is best measured by looking at
standard errors from estimates of the elasticity of energy demand. Using the range
of model estimates of price sensitivity would not provide a good measure of
uncertainty, since differencesin these estimates stem more from model assumptions
than from uncertainty about how responsive energy users are to changesin the price
of energy.

Therangeof uncertainty in permit prices presented in Chapter 2 roughly corresponds
to one standard error above and below the estimate of price sensitivity. According
to Dahl’ sstudy, the median standard error of estimates of all typesof energy demand
inthemedium runis0.07. Surprisingly, the average standard error between studies,
roughly 0.13, is much larger. | use the average of these standard errors, 0.10, and
then augment it to account for uncertainty about fuel substitution, which is not
reflected in the elasticity of energy demand. Assuming that the error for fuel
substitution is of the same magnitude as, but uncorrelated with, the error for tota
energy demand, the final standard error is somewhat less than 0.13. Reducing the
absolute magnitude of price sensitivity of carbon emissions by 0.13, from -0.53 to

September 1997).

67. Environmental Protection Agency, Office of Air and Radiation, U.S. Methane Emissions 1990-2020:
Inventories, Projections, and Opportunities for Reductions (September 1999). That study looks at
reductions in methane that would be profitable with a permit price of $50 per metric ton of carbon
equivalent on methane, but no price charged on the carbon dioxide emitted when the methane is burned.
Under the Kyoto Protocol, such a charge would be imposed when methane from natural gas systems or
coa mining isburned. Theresulting carbon dioxidewould cost $6.55 for each $50 of methane emissions
prevented. For these sources, | use the percentage reduction in methane at a permit price of $43.45 per
ton as the EPA estimate of methane reductions at a permit price of $50 per ton.

68. Thisestimate of the price sensitivity of other greenhouse gasesis consistent with the use of the baseline

price for carbon emissions. If the true baseline price for other greenhouse gases is lower than that for
carbon dioxide, then price sensitivity for those gasesis correspondingly lower.
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-0.40, boosts permit prices by 34 percent, while a price sensitivity of -0.66 reduces
permit prices 20 percent. The average error isthus 27 percent.

Impact of the Clean Development Mechanism

Itisdifficult to gauge how effectivethe clean devel opment mechanism (CDM) would
beinreducing emissionsinnon-Annex B countries. Theonly study that quantifiesthe
impact, the study using MERGE, usesthe EMF-16 assumption that 15 percent of the
non-Annex B reductions made under global trading would be available as CDM
projectsunder Annex B trading. | usethisassumptionindevel oping model synthesis
estimates. CDM projectswould then provide43 mmtc of emissionsreductionsinthe
ideal implementation scenario.

Domestic Direct Cost

Domestic direct cost is calculated as the area under the marginal abatement cost
curve. This curve plots the permit price against the corresponding reduction in
domestic emissions, excluding reductions due to lower GDP. When accounting for
theimpact of pre-existing taxesin energy markets, the marginal abatement cost curve
plots the permit price plus pre-existing taxes against the reduction in emissions.
Eliminating pre-existing taxesreducesthe U.S. baseline price of carbon from $298to
$264 per metric ton of carbon.

Impact on GDP

If restrictions were placed on emissions, GDP losses could flow from six sources:

* domestic direct cost;

* alower capital stock because of higher pricesfor plant and equipment;

* impacts of capital flows;

* reduced labor supply;

* alower capital stock because of the declineinincome arising from buying permits
from abroad; and

* impacts of higher interest rates on unemployment and the capital stock.

Unfortunately, the studies provide no estimates of theimpact of any individual factor

on GDP. Nonetheless, enough information can be gleaned from available model

evidence to develop synthesis estimates of GDP |oss.

Domestic Direct Cost and Higher Pricesfor Plant and Equipment. One can use GDP
lossin general equilibrium modelsin the case of no international trade of permitsas
an estimate of thecombined impact of domestic direct cost and higher pricesfor plant
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and equipment on GDP. Removing permit trading eliminates the effect of permit
purchases from other countries. In addition, most general equilibrium models have
small or nonexistent capital flowsand exogenous|abor supply and unemployment, so
they effectively remove these effects on GDP. One exception is G-Cubed, in which
the United States has a capital inflow and higher unemployment. However, those
factors have roughly offsetting effects on GDP, so GDP lossyields arough estimate
of the effects of domestic direct cost and higher capital pricesin thismodel aswell.
Another exceptionisthe WS model, which haslargelabor supply responses. Inthat
model, the GDP loss combinestheimpacts of domestic direct cost, |lower investment
and lower labor supply.

With no international trade of permits, the geometric mean of the ratio of GDP loss
to domestic direct cost is 2.5 in the general equilibrium models that report GDP,
except WS, These ratios range from 1.5 in AIM to 4.8 in CETA. However, as
permit pricesfall, domestic direct cost declinesproportionately faster than thedecline
ininvestment. Thus, theratio of GDP losses stemming from domestic direct cost and
higher investment costs to domestic direct cost rises as permit prices fal.
Consequently, amethod other than asimpleratioto domestic direct cost must be used
to determine theimpact of domestic direct cost and higher investment costs on GDP
when countries can trade permits. Fortunately, theory provides a way to quantify
those two effects on GDP.

Thelossin GDP stemming from domestic direct cost differsfrom domestic direct cost
for threereasons. First, aportion of domestic direct cost reflects reduced consumer
surplus, and thus does not affect GDP.®® Second, domestic direct cost as calcul ated
by themodel signorestheimpact of pre-existing taxeson energy, and thusunderstates
the impact on GDP. These two factors happen to roughly offset each other in the
case of no international permit trading, leaving a loss in GDP roughly equal to
domestic direct cost. Third, however, this loss in GDP reduces income and thus
saving, feeding back into investment and causing afurther lossin GDP. Overall, the
lossin GDP from domestic direct cost should be between 1.3 and 1.4 times aslarge
as domestic direct cost.

The permit price affectsinvestment through itsimpact on the cost of producing new
plant and equipment. Inthe DRI model, a permit price that raises the overall price
level by one percent boosts capital prices by alittle more than 0.5 percent, and thus
reducesthedesired capital stock by roughly the same percentage. Usinginformation
on the effect of the capital stock on potential GDP and on the feedback effects of
resulting changesin saving oninvestment, one can determinetheimpact of emissions
restrictionson GDPthrough lower investment. For the case of no international trade

69. Inamodel that uses chain-type aggregation to determinereal GDP, real consumption can reflect changes
in consumer surplus. None of the general equilibrium models use this type of aggregation, however.
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of permits, thisimpact is between 1.1 and 1.2 times as |arge as domestic direct cost.
Adding this to the effect from domestic direct cost produces a GDP loss about 2.5
times aslarge as domestic direct cost in the case of no international permit trading,
the same as the estimate from the models.

Capital Flows. G-Cubed istheonly model inwhich capital flowshavealargeimpact
on GDP. Inthestudy using thismodel, the United Stateshaslower permit pricesthan
the other devel oped countries when thereis no international trade of permits, and so
draws capital flows from those countries. These flows boost investment, and thus
GDP.

According to the model synthesis, however, only Japan would have a higher permit
price than the United States when thereis no international trade of permits allowed.
And with Annex B trade of permits, only Australia, Canada and the former Soviet
bloc would see a larger percentage increase in their overall price level, aplausible
measure of theincreasein the cost of doing business, and thus of thereductionin the
return to capital. Thus, if anything, the Kyoto Protocol would likely lead to capital
outflowsfrom the United States. Given thedifficulty of judging the size or effect of
these flows, the possible impact of capital flows on GDP has been left out of the
model synthesis.

Reduced Labor Supply. Most of the general equilibrium models assume that |abor
supply isexogenous—that is, it does not respond to changesin the marginal after-tax
real wage. On the other hand, the JWS model assumes that labor supply is highly
responsive to the marginal after-tax real wage, with an elasticity of about 1.0.”° The
actual response would be between these two extremes.

In a memorandum looking at the empirical evidence, CBO concluded that “a 10
percent increasein after-tax wageswould raise total hours of work by between zero
and 3 percent,” indicating alabor supply elasticity of 0to 0.3. The study went on to
state that “those estimates may somewhat overstate the responsiveness of the
economy’s labor supply,” because they did not account for how married men and
women would respond to changes in a spouse’s after-tax wage rate.”* The labor
supply elasticity in the DRI model, 0.06, falls in this range, although below its
midpoint. Consequently, thisestimateisused to calculate the changein labor supply
and the resulting impact on GDP in the model synthesisresults. Using the midpoint
elasticity of 0.15 instead would boost estimates of GDP loss by about 15 percent.

70. Much of the large response of labor supply in the JWS model results from the assumption of a
representative consumer with an infinite lifetime. This exaggerates the intertemporal tradeoff of labor
and leisure beyond what it would be in amodel assuming consumers with finite lifetimes.

71. Congressional Budget Office, Labor Supply and Taxes, CBO Memorandum (January 1996).
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Permit Purchases from Other Countries. Unless purchases of permits from other
countries are counted as an import of aservice, such purchases have no direct impact
on GDP. However, the permits must ultimately be paid for with higher net exports.
Those purchasesreducethe share of GDP going to investment, which in turnreduces
potential GDP. Thisimpact issimilar to thefeedback effectsof lower savingon GDP
discussed above, and is likewise small.

Impacts of Higher Interest Rates on Unemployment and Investment. The timing of
GDP loss from higher interest rates depends strongly on when the increase in the
general pricelevel stemming from higher energy pricesisassumed to occur, and how
long unemployment remains above baselinelevelsin responseto that increase. This
can be seen most clearly in the two EIA studies, which use the same model. Inthe
study inwhich energy prices begin to rise in 2005, unemployment is still well above
baseline levelsin 2010, and real GDP falls 4.2 percent below its baseline level. If
energy pricesbegintorisein 2000, however, unemployment isback to baselinelevels
in 2010, and real GDPfallslessthan onethird as much, 1.2 percent, even though the
permit priceis nearly aslarge asin the other case.

| interpret the economic impacts in 2010 as representative of impacts over alonger
period of time. A simple-minded focus on the economy’ s response in 2010 alone
would exaggerate the effect on GDP of fighting higher inflation over this longer
period. According to the Kyoto Protocol, permits would first be imposed in 2008,
so the effect on unemployment would be near its peak in 2010. Instead, the model
synthesisestimates assumethat the effect of fighting higher inflation on GDPisspread
evenly over a ten year period, so that the estimated effect in 2010 will be
representative of thislonger period of time.

The Federal Reservewould focuson the portion of inflationthat it believed would be
permanent if not counteracted by higher interest rates. Inthe DRI model, aone-time
1.0 percent upward shock to the general price level would trigger apermanent 0.11
percentage point rise in the inflation rate if not offset by higher unemployment and
lower capacity utilization. Thus, the 3.3 percent increase in the general price level
occurring with no international trade of permits would lead to a permanent 0.37
percentage point rise in the inflation rate.

Eliminating this extrainflation would reduce real GDP by an average of nearly 0.5
percent per year over 10 years. A loss of nearly 0.3 percent per year would be
directly associated with the higher unemployment and lower capacity utilization
needed to bring inflation back down. Anadditional 0.2 percent per year would belost
becausethe higher interest rates needed to slow the economy would hurt investment,
reducing potential GDP. The 0.5 percent reduction in GDP from macroeconometric
effectsin the no-trade case is smaller than those in the DRI and WEFA studies and
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thefirst EIA study (which assumes responses begin in 2005) but larger than thosein
the Oxford study and the second EIA study (which assumesresponsesbeginin 2000).

GDP Losses in Other Countries. The model synthesis estimates assume that GDP
loss in other countries is determined in the same way that GDP loss in the United
Statesis. Thisisnot likely to hold exactly, becauseinflation may respond differently
to unemployment in other countries than in the United States, among other things.
However, GDP lossin other countries only affects the U.S. resultsinsofar as lower
GDP in those countries reduces their demand for permits and thus the international
permit price. Those effects will be small, so using a reasonable approximation for
foreign GDP loss should not have much effect on permit price or GDP estimatesfor
the United States.

Impact on Consumption

Without international trade of permits or reductionsin greenhouse gases other than
carbon dioxide, the ratio of the percentage drop in consumption to the percentage
dropin GDP averages 0.70 among the models.”” (To avoid double-counting the DRI
model, this average uses only theratio from the original EIA study. Theratiointhe
DRI study ishigher, whilethat in the EIA early start study islower). In most models,
as internationa trade of permits is added, the ratio of the percentage change in
consumption is more closdly tied to the percentage change in GDP less permit
purchases than to the percentage changein GDP alone. That is, an extra$100 of lost
GDP has about the same effect on consumption as an extra $100 spent on foreign
permits. Themodel synthesis estimates thus assume that the ratio of the percentage
change in consumption to the percentage change in GDP less permit purchases
declines gradually from 0.70 without international trade of permits or sinksto 0.60
with unrestricted global trade of permits—the average estimates from the models.

Changein Global Emissions

Thechangein global emissionsfrom baselinelevelsin 2010 under the Kyoto Protocol
would equal emissions reductions in countries constrained by the protocol less
emissions increases in countries unconstrained by the protocol. Such increasesin
emissions, resulting from greater oil consumption in response to lower global ail
prices and a relocation of energy-intensive industries from constrained to

72.  For studies publishing both private and government consumption (DRI, EIA and WEFA), thisratio is
calculated using the percentage change in total (private plus government) consumption. The model
synthesis estimates assume that the percentage change in private consumption is the same as the
percentage change in government consumption. This seems a more realistic long run assumption than
assuming that government consumption and investment do not respond to changesin GDP.
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unconstrained countries, are known as leakage. Leakage would boost emissionsin
any country with adomestic permit price of zero. Such countrieswould include the
former Soviet bloc if limits were placed on permit imports or international trade of
permits were blocked altogether, and would include non-Annex B countriesif there
were no global trade of permits. (Leakage to non-Annex B countries would also
occur under global trade of permitsif limits were placed on permit imports.) Inthe
discussion that follows, the leakage rate is defined as the increase in emissionsin
unconstrained countries as a percentage of the decline in emissions in constrained
countries.

The leakage rate depends on the permit price in countries where emissions are
constrained. The higher the permit price in these countries, the more leakage there
will be. Thus, on average, the models find that the leakage rate to non-Annex B
countries drops from 17 percent with no international trade of permitsto 10 percent
with unrestricted Annex B trade of permits. (These averages exclude models that
assume no leakage or that do not specify emissionsin countriesother than the United
States.) Model synthesis estimates of |eakage are calculated using the relationship
between |eakage rates and permit prices established by these two data pointsin cases
where the permit price in non-Annex B countries is zero. In models in which the
permit priceintheformer Soviet blocisal so zerowhen thereisno international trade
of permits, leakage to these countries is 40 percent as large as leakage to the non-
Annex B countries. Soleakageto theformer Soviet blocisassumed to be 40 percent
as large as non-Annex B |eakage when permit prices in the former Soviet bloc are
zero.

It is difficult to be certain whether these |eakage estimates are consistent with the
model synthesis estimates of price sensitivity. The amount of leakage per dollar of
permit priceand the price sensitivity of emissionsshould bepositively correlated: the
more easily emissions can move from one country to another, the greater price
sensitivity will beinagiven country. However, these conceptsshow littlecorrelation
across the models.

Gasoline Price

Thechangein gasoline pricesconsistsof three pieces: thedirect impact of the permit
price; theimpact of lower demand for gasoline on refiner margins; and theimpact of
lower global oil demand on crudeoil prices. Thedirectimpact is23.8 centsagallon
per each $100 per metric tonincreasein the permit price, accordingto datafrom EIA.
Refiner marginsfall by 0.8 centsagallon per each $100 per metric tonincreaseinthe
permit price, according to averages from the DRI, EIA and WEFA studies. The
percentage changein the priceof crudeoil isfound by combining model responses of
crude oil prices to global demand for crude oil with estimated changes in global
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demandfor crudeoil. Accordingtothe model average, the global elasticity of supply
for crude oil isbetween 0.5 and 0.6 over aten-year horizon.

Price of Natural Gas

The changein the price of natural gasalso consists of three pieces: thedirect impact
of the permit price; the impact of higher natural gas demand on wellhead prices; and
theimpact of lower residential and commercia demand ondistribution costs. Permits
directly add $1.48 per thousand cubic feet per each $100 per metric ton increase in
the permit price. The increase in wellhead prices is calculated by combining the
responses of wellhead prices to U.S. demand for natural gas in the DRI, EIA and
WEFA studieswiththerisein demandimplied by themodel synthesisestimates. (The
model synthesisestimatesfocuson changesinU.S. demand because of thedifficulties
of transporting natural gasoverseas.) Thisrisein natural gasdemand issmaller than
in the EIA study, because the drop in non-electricity usage is larger.” Finaly,
distribution costs per cubic foot of gas delivered to residential and commerciad
customerswould riseasthe samefixed costswere spread over asmaller consumption
base.

Electricity Prices

In the model synthesis estimates, electricity prices rise for two reasons. the direct
impact of the permit price; and the higher generating costs associated with fuel
switching. These both depend on the amount of fuel switching. A shift from coal to
natural gas or non-fossil sources reduces the direct impact of the permit price but
increases generating costs. However, generatorswill only want to switch fuelsif the
increase in generating costsis smaller than the savings in permit expenses.

Determining the changeinthe priceof electricity requiresseveral calculations. First,
| calculate a change in emissions from electricity generation consistent with model -
based and empirical estimates of overall price sensitivity and the price sensitivity of
non-electricity emissions. Multiplying the permit price by the resulting level of
emissions yields the total value of permits required to produce electricity. Model-
based and empirical estimates of the price sensitivity of electricity demand are
combined with the change in emissions from electricity generation to determine the
portion of the drop in eectricity emissions resulting from fuel switching. Thetotal

73. According to Dahl’s demand elasticities, demand for natural gas would fall below baseline levels, so
wellhead prices for natural gaswould drop. However, the Dahl elasticities alsoimply smaller reductions
in petroleum than the model synthesis, reducing the drop in crude oil prices. Thus, using the Dahl
elasticitiesfor individual fossil fuelswould produce higher gasoline and lower natural gas pricesthan the
elasticitiesimplied by the models.
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increase in generating costs dueto fuel switching is assumed to equal the changein
emissionsresultingfrom fuel switching timestheaverage permit priceat whichthose
switchesare made, i.e., one half the permit price. Adding together the direct impact
of the permit price and the increase in generating costs due to fuel switching and
dividing by final electricity consumption yields the rise in electricity prices per
kilowatt-hour. (The changein electricity consumptioniscal culated from the change
in electricity emissions that does not result from fuel switching.)

These cal cul ations assumethat three possible additional impactson el ectricity prices
arenegligible. First, thereisno net impact from changesin fossil fuel prices. That
is, theincreasein natural gas costs from higher wellhead pricesis assumed to offset
the reduction in coal costs from lower minemouth prices. Second, the change in
marginal cost isassumed to equal the changein average cost. The EIA study instead
arguesthat marginal costswould rise more than average costs, pushing prices higher
than what this paper assumes. Third, all customers are assumed to face the same
absolute increase in electricity prices. The DRI study assumes this, and the WEFA
study assumes something close to it. The EIA study, however, assumes that the
percentageincreasein electricity pricesisroughly thesamefor all customers, meaning
that the absolute increase for residential customersis much larger than the increase
for other customers. If thisis true, the model synthesis estimates understate the
percentage increase in residential electricity prices.
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Table 2-1.

Studies Analyzing the Impact of Emissions Reductions, by Model and
Ingtitutions of Authors

Model

I nstitutions of Authors

AlM?

(Asian-Pacific Integrated Model)

CETA?

(Model for Carbon Emissions Trajectory
Assessment)

DRI (DRI Macro Model)

EIA Energy sector impacts: NEMS
(National Energy Modeling System);
Macro impacts: DRI

EPPA?

(Emissions Prediction and Policy Analysis
Model)
G-Cubed?®

(Global General Equilibrium Growth Model)

GTEM?
(Global Trade and Environment Model)
(JWS)
(Jorgenson-Wilcoxen-Slesnick Model)
MERGE?
(Model for Evaluating Regional and Global
Effects of Greenhouse Gas Reduction
Policies)
MSMRT?
(Multi-Sector Multi-Region Trade Model)
Oxford?®

(Oxford Globa Macroeconomic and Energy

Model)
RICE?
(Regional Dynamic Integrated Model of
Climate and the Economy)
SGM-Administration (see SGM-PNNL)
SGM-PNNL?
(Second Generation M odel)
WEFA Macro Model
WorldScan®
(Model of the World Economy for Scenario
Analysis)

NIES (National Institute for Environmental
Studies, Japan) and Kyoto University
EPRI (Electric Power Research Institute) and

Teisberg Associates

Standard & Poor's Data Resources, Inc.
Energy Information Administration

MIT (Massachusetts I nstitute of Technology)

Australian National University, Brookings
Institution, Environmental Protection
Agency, and University of Texas

ABARE (Australian Bureau of Agricultural and
Resource Economics)

Dale W. Jorgenson Associates

EPRI (Electric Power Research Institute) and
Stanford University

Charles River Associates and University of
Colorado
Oxford Economic Forecasting

Y ale University

Clinton Administration

Batelle Pacific Northwest National Laboratory
Wharton Econometric Forecasting Associates

RIVM (National Institute of Public Health and
the Environment, Netherlands)

NOTES:

a. Participantsin Round 16 of Stanford University’s Energy Modeling Forum.
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Table 3-1. Percentage Reduction in Emissions of Carbon Dioxide in 2010 Requiredin
Various Regions Under Alternative Permit-Trading Scenarios
(Percentage Reduction from Baseline)

Total Emissions
Emissions Reduction Reductionin Annex B Globa Emissions

in U.S. with No Countries with Permit Reduction with
International Permit  Trading Among Annex B Global Permit
Model Trade Countries Trading
Models with No Offsets
AlIM 25 13 7
CETA 29 8 5
DRI 29 n.a n.a
EIA 30 n.a n.a
EPPA 29 18 n.a
G-Cubed 30 17 9
GTEM 28 20 n.a
MS-MRT 30 15 7
Oxford 31 21° na
RICE 25 10 5
WEFA 27 n.a n.a
WorldScan 27 21 n.a
Models with Offsets

EIA 27 n.a n.a
MERGE 29 16 10
SGM-Administration 28 11 7
SGM-PNNL 29 14 10
Memorandum

Average of All Models 29 16° 8

SOURCE:  Author’scalculations, using: Council of Economic Advisors, The Kyoto Protocol and the President’ s Policiesto
Address Climate Change (July 1998); Energy Information Administration, |mpacts of the Kyoto Protocol onU.S.
Energy Markets and Economic Activity (October 1998); William D. Nordhaus and Joseph Boyer, Warming the
World: Economic Models of Global Warming (Cambridge, MA: MIT Press, 2000); Standard & Poor’s DRI, The
Impact of Meeting the Kyoto Protocol on Energy Markets and the Economy (Lexington, MA: Standard & Poor’s
DRI, 1998); WEFA, Inc., Global Warming: The High Cost of the Kyoto Protocol, National and State |mpacts
(Eddystone, PA: WEFA, Inc., 1998); John P. Weyant, ed., The Costs of the Kyoto Protocol: A Multi-Model
Evaluation, Special I ssueof the Energy Journal (Cleveland, OH: Energy Economics Educational Foundation, Inc.,
1999); and personal communications from Richard Richels and John Weyant.

NOTES: For the United States, the 2010 cap is 93 percent of 1990 emissions. Percentage reduction refers to the percentage
reduction in 2010 baseline emissionsrequired to meet thecap. Insomemodels, theactual percentagereductiondiffers
dlightly from this figure.

Offsetsaretheamount of carbon dioxide offset by forest growth and reductionsin other greenhouse gasesbeyond their
share of the cap.

Themodel averageassumesno offsets. Targetsfor non-Annex B countriesequal baselineemissionsinthosecountries.
n.a = not available

a TheMS-MRT scenariofor global tradeof permitsassumesthat emissionscapsfor non-Annex B countriesaretheemissions
they produce when the Annex B countries meet their caps without international trade of permits.

b. Oxford data for Annex B excludes Ukraine, eastern Europe, Australia and New Zealand.

c. This average excludes Oxford, which does not have datafor all of Annex B.
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Table 3-2. Impact on U.S. Carbon Emissions of a 1 Percent Increase in the Price of Carbon-
Energy, Assuming No International Trading of Permits, Selected Y ears

Percentage Change in Carbon Impact in 2010 asa
Emissions from Baselinein Percentage of the Impact
Model 2010 2020 In 2020
AIM -0.68 -1.01 68
CETA -0.67 -0.75 89
DRI? -0.49 -0.59 84
EIAP -0.41 -0.60 68
ElA-early start® -0.47 -0.67 71
EPPA -0.73 -1.53 48
G-Cubed -1.54 -2.10 74
GTEM -0.40 -0.49 81
Jws -1.28 -1.26 101
MERGE -0.53 -0.72 73
MS-MRT -0.51 -0.62 83
Oxford -0.42 -0.42 100
RICE -0.90 -0.83 108
SGM-Administration -0.68 n.a n.a
SGM-PNNL -0.69 -0.74 93
WEFA -0.42 -0.54 78
WorldScan -1.17 -1.13 104

SOURCE: Author’'s calculations, using: Council of Economic Advisors, The Kyoto Protocol and the President’s Policies to
Address Climate Change (July 1998); DRI/McGraw-Hill, The Impact of Carbon Mitigation Srrategies on
Energy Markets, the National Economy, Industry, and Regional Economies (study prepared for UMWA-
BCOA, Lexington, MA, July 1997); Energy Information Administration, Analysis of the Impacts of an Early
Sart for Compliance with the Kyoto Protocol (July 1999); Energy Information Administration, Impacts of the
Kyoto Protocol on U.S Energy Markets and Economic Activity (October 1998); Dale W. Jorgenson, Richard J.
Goettle, Peter J. Wilcoxen and Daniel T. Slesnick, Carbon Mitigation, Permit Trading and Revenue Recycling
(prepared for the Environmental Protection Agency, November 1998); William D. Nordhaus and Joseph Boyer,
Warming the World: Economic Models of Global Warming (Cambridge, MA: MIT Press, 2000); WEFA, Inc.,
Global Warming: The High Cost of the Kyoto Protocol, National and Sate Impacts (Eddystone, PA: WEFA,
Inc., 1998); John P. Weyant, ed., The Costs of the Kyoto Protocol: A Multi-Model Evaluation, Special |ssue of
the Energy Journal (Cleveland, OH: Energy Economics Educational Foundation, Inc., 1999); and personal
communications from Richard Richels and John Weyant.

NOTES: All models assume the 2020 emissions cap is the same as the 2010 cap.

Thesenumbersprovidean estimate of how energy usersadjust their use of carbon-based energy inresponseto changes
initsprice. That pricesensitivity isnegative because energy usefallsasitspricerises. Larger absolutevaluesindicate
alarger response. The numbers are calculated by using logarithms (see Appendix A for details). Because price
sensitivity is nonlinear, these numbers should not be scaled up for larger price changes using simple multiplication.

n.a. = not available

a Datafor DRI are geometric weighted averages of results from two scenarios assuming the Kyoto target is 90 percent and
100 percent, respectively, of 1990 emissions.

In these scenarios, EIA assumes emissions of carbon dioxide are reduced 7 percent below 1990 levels.
This model assumes emissions return to 1990 levels.
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Table3-3. Impact of a1l Percent Increase in the Price of Carbon-Energy on Carbon Emissionsin
2010 Under Alternative Permit-Trading Scenarios, By Region
(Percentage Change from Baseline Emissions)
Annex B Permit Trading Global Permit Trading
All Annex B All Annex B Rest of
United States  Countries  United States Countries ~ World
AIM -0.62 -0.73 -0.57 -0.72 -0.34
CETA -0.52 -0.45 -0.58 -0.51 -0.30
DRI -0.48° na na na n.a
EIA -0.41° n.a -0.29° n.a n.a
EIA early start -0.47° n.a -0.34° n.a n.a
EPPA -1.05 -0.88 n.a n.a n.a.
G-Cubed -1.43 -1.09 -1.17 -1.03 -1.15
GTEM -0.33 -0.59 n.a n.a n.a
MERGE -0.56 -0.49 -0.54 -0.46 -0.23
MS-MRT -0.50 -0.55 -0.46 -0.46 -041
Oxford -0.50 -0.47 na na n.a
RICE -0.86 -0.68 -0.83 -0.68 -0.69
SGM-Administration -0.73 -0.65 -0.70 -0.66 -1.14°
SGM-PNNL -0.80 -0.57 -0.82 -0.55 -1.02
WorldScan -2.12 -3.06 na na n.a
SOURCE: Author’scalculations, using: Council of Economic Advisors, The Kyoto Protocol and the President’ s Policies
to Address Climate Change (July 1998); Energy Information Administration, Analysis of the Impacts of an
Early Start for Compliance with the Kyoto Protocol (July 1999); Energy Information Administration, Impacts
of the Kyoto Protocol on U.S Energy Markets and Economic Activity (October 1998); William D. Nordhaus
and Joseph Boyer, Warming the World: Economic Models of Global Warming (Cambridge, MA: MIT Press,
2000); Standard & Poor's DRI, The Impact of Meeting the Kyoto Protocol on Energy Markets and the
Economy (Lexington, MA: Standard & Poor’s DRI, 1998); John P. Weyant, ed., The Costs of the Kyoto
Protocol: AMulti-Model Evaluation, Special |ssue of the Energy Journal (Cleveland, OH: Energy Economics
Educational Foundation, Inc., 1999); and personal communications from Richard Richels and John Weyant.
NOTES: These numbers provide an estimate of how energy users adjust their use of carbon-based energy in response to
changesinitsprice. That pricesensitivity isnegative because energy usefallsasitspricerises. Larger absolute
valuesindicatealarger response. The numbersare calculated by using logarithms (see Appendix A for details).
Becausepricesensitivity isnonlinear, these numbers should not be scaled up for larger pricechangesusingsimple
multiplication.
Only the Annex B trading scenario is consistent with the Kyoto Protocol.
n.a = not available
a Case 2 in DRI’s study of Annex B trading of permits.
b. U.S. emissions are reduced to alevel 9 percent above 1990 levels.
c. U.S. emissions are reduced to alevel 24 percent above 1990 levels.
d. Includes only China, India, Korea and Mexico.
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Table 3-4.

Model Estimates of U.S. Permit Pricesin 2010, Without International Trade of

Permits
Key Determinants of Permit Prices
Percentage Baseline Price of
Permit Price (in Changein Price Sensitivity Carbon-Energy
1997 dollars Carbon Percentage of Carbon (in 1997 dollars
Models per mtc)® Emissions Changein GDP. Emissions per mtc)
Models Using Kyoto Targets without Offsets
AIM 184 -25 -0.5 -0.68 362
CETA 201 -29 -19 -0.67 332°
DRI® 254 -29¢ -2.3 -0.49 274
EIA 355 -31¢ -4.2 -041 296
EIA early start 322 -30° -1.2 -0.47 296
EPPA 232 -29 n.a’ -0.73 387
G-Cubed 91 -30 -0.4 -154 361
GTEM 389 -28 -2.0 -0.40 340
MSMRT 287 -30 -1.9 -0.51 300
Oxford Econ. 407 -30° -1.8 -0.42 334
RICE 184 -25 -1.0 -0.90 496
WEFA 270 -27¢ -3.2 -0.42 291
WorldScan 101 -27 n.a‘ -1.17 332°
Models Using Kyoto Targets with Offsets
EIA 300 -27¢ -35 -041 296
MERGE 286 -29 -1.0 -0.53 332°
SGM-Admin. 192 -28 n.a’ -0.68 314
SGM-PNNL 189 -29 n.a® -0.69 298
Memo: Model Targeting 1990 Emissions without Offsets
JWS 70 -25 -1.1 -1.28 292
SOURCE:  Author’scalculationsusing: Council of Economic Advisors, The Kyoto Protocol and the President’s Policiesto
Address Climate Change (July 1998); DRI/McGraw-Hill, The Impact of Carbon Mitigation Strategies on Energy
Markets, the National Economy, Industry, and Regional Economies (study prepared for UMWA-BCOA,
Lexington, MA, July 1997); Energy Information Administration, Analysis of the Impacts of an Early Sart for
Compliance with the Kyoto Protocol (July 1999); Energy Information Administration, Impacts of the Kyoto
Protocol on U.S Energy Markets and Economic Activity (October 1998); Dale W. Jorgenson, Richard J. Goettle,
Peter J. Wilcoxen and Daniel T. Slesnick, Carbon Mitigation, Permit Trading and Revenue Recycling (prepared
for the Environmental Protection Agency, November 1998); William D. Nordhausand Joseph Boyer, Warmingthe
World: Economic Models of Global Warming (Cambridge, MA: MIT Press, 2000); WEFA, Inc., Global Warming:
The High Cost of the Kyoto Protocol, National and State Impacts (Eddystone, PA: WEFA, Inc., 1998); John P.
Weyant, ed., The Costs of the Kyoto Protocol: A Multi-Model Evaluation, Special Issue of the Energy Journal
(Cleveland, OH: Energy Economics Educational Foundation, Inc., 1999); and personal communications from
Richard Richels and John Weyant.
NOTES:  Price sensitivity of carbon emissions is a measure of how energy users adjust their use of carbon-based energy in

responseto 1 percent changeinitsprice. | uselogarithmsin preparing theestimate, soit cannot bescaled upfor larger
percent changes by simplemulltiplication (see Appendix A for details). Price sensitivity isnegative becauseenergy use
falsasitspricerises. Larger absolute values indicate alarger response.

mtc=metric ton of carbon

n.a = not available

a Permit prices were converted from other base years to 1997 dollars using the GDP price deflator.

b. The data needed to calculate the price of carbon-based energy are unavailable from these studies. | used the average
price of carbon-based energy in eight other studies using general equilibrium models.

C. Emissions and GDP data for DRI are weighted averages of results from two scenarios assuming the Kyoto target is 90
percent and 100 percent, respectively, of 1990 emissions.
d. Emissions in 2010 differ from target levels by small amounts.

e The change in GDP is not available for these models. Price sensitivity is calculated using direct cost.
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Table 3-5. Model Estimates of Annex B Permit Pricesin 2010, with Permit-Trading
Among Annex B Countries

Key Determinants of Permit Pricesin Annex B

Permit Price Percentage  Percentage Price Baseline Price of

(in 1997 Change Change  Sensitivity of Carbon-Energy
dollars per in Carbon in GDP Carbon  (in 1997 dollars
Models mtc)? Emissions Emissions per mtc)

Models Using Kyoto Targets without Offsets

AIM 78 -13 0° -0.73 364
CETA 55 -8 -0.8 -0.45 305¢
EIA 166 n.a n.a n.a n.a
EIA early start 152 n.a n.a n.a n.a
EPPA 91 -18 n.a’® -0.88 364
G-Cubed 64 -17 o° -1.09 344
GTEM 128 -20 -0.6 -0.59 293
MS-MRT 94 -15 0.2 -0.55 266
Oxford Econ. 222 -21 -0.9 -0.47 351
RICE 41 -10 -0.3 -0.70 274
WorldScan 24 21 n.at -3.06 291¢

Models Using Kyoto Targets with Offsets

DRI 115 n.a n.a n.a n.a
MERGE 116 -16 -0.7 -0.50 299¢
SGM-

Administration 54 -11 n.a® -0.65 270
SGM-PNNL 82 -14 n.a‘ -0.57 269

SOURCES: Same as Table 3-3.

NOTES:  With Annex B trade of permits, the U.S. permit price equals the Annex B permit price.
Price sensitivity of carbon emissionsis ameasure of how energy users adjust their use of carbon-based energy in
responseto 1 percent changeinitsprice. | uselogarithmsin preparing the estimate, soit cannot be scaled up for larger
percent changes by simplemulltiplication (see Appendix A for details). Price sensitivity isnegative because energy use
falsasitspricerises. Larger absolute values indicate alarger response.
mtc=metric ton of carbon
n.a = not available

Permit prices were converted from other base years to 1997 dollars using the GDP price deflator.

Regional percentage changes in GDP are weighted together using emissions data.

These changes round to zero.

Dataneeded to calculate the price of carbon-based energy are unavailable from these studies. For the United States, | use
theaverage price of carbon-based energy in eight other studiesusing general equilibrium models. Pricesfor Annex B then
incorporate regional differences in emissions between studies.

e The change in GDP is not available for these models. Price sensitivity is calculated using direct cost.

apoo
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Table 3-6. Model Estimates of Global Permit Pricesin 2010, with Global Permit Trading

Key Determinants of Permit Prices

Baseline Price of
Parmit Percgntage . o Carbon-Energy (in
. Change in Carbon Percentage Change Price Sensitivity of 1997 dollars per
'Prlce Emissions in GDP Carbon Emissions mtc)
(in 1997
dollars per
Models mtc)®>  Annex B Other Annex B Other Annex B Other Annex B Other
Models Using Kyoto Targets without Offsets
AlM 46 -8 -5 (0 0.2 -0.72 -0.34 364 259
CETA 31 -5 -8 -0.2 0.1 -0.51 -0.30 305° 202°
EIAY 68 n.a n.a n.a n.a n.a n.a n.a n.a
EIA early start 63 n.a n.a n.a n.a n.a n.a n.a n.a
G-Cubed® 24 -7 -12 -0.2 -04 -1.03 -1.15 344 210
MS-MRT' 32 -5 -8 -0.1 o° -0.46 -041 266 139
RICE 13 -3 -7 -0.2 -0.2 -0.68 -0.69 268 134
Models Using Kyoto Targets with Offsets on Annex B Emissions
MERGE 80 -11 -8 -04 -0.9 -0.46 -0.23 299° 199°
SGM-
Administration 22 -5 -15 n.a’ n.a’ -0.66 -1.14 270 144
SGM-PNNL 29 -6 -16 n.a’ n.a’ -0.55 -1.02 269 159

SOURCES: Author’scalculations, using: Council of Economic Advisors, The Kyoto Protocol and the President’ sPoliciesto Address Climate
Change (July 1998); Energy Information Administration, Analysis of thelmpacts of an Early Start for Compliancewith the Kyoto
Protocol (July 1999); Energy Information Administration, |mpacts of the Kyoto Protocol on U.S. Energy Markets and Economic
Activity (October 1998); William D. Nordhaus and Joseph Boyer, Warming the World: Economic Models of Global Warming
(Cambridge, MA: MIT Press, 2000); John P. Weyant, ed., The Costs of the Kyoto Protocol: A Multi-Model Evaluation, Special
Issueof the Energy Jour nal (Cleveland, OH: Energy EconomicsEducational Foundation, Inc., 1999); and personal communications
from Richard Richels and John Weyant.

NOTES: Price sensitivity of carbon emissionsis ameasure of how energy users adjust their use of carbon-based energy in responseto a 1
percent changeinitsprice. CBO useslogarithmsin preparing the estimate, soit cannot be scaled up for larger percent changes by
simple multiplication (see Appendix A for details). Price sensitivity is negative because energy usefallsasitspricerises. Larger
absolute values indicate a larger response.
mtc = metric ton of carbon
n.a. = not available

Permit prices were converted from other base years to 1997 dollars using the GDP price deflator.

These changes round to zero. |
c. Dataneededto calculatethe price of carbon-based energy areunavailablefrom these studies. For theUnited States, | usetheaverageprice
of carbon-based energy in eight other studies using general equilibrium models. Prices for other countries then incorporate regional
differences in emissions between studies.

oo

d. EIA doesnot specify which scenario correspondsto global permit trading. Thesedataarefrom EIA scenarioswhichassumeU.S. emissions
of carbon dioxide are 24 percent above baseline levelsin 2010.

e The G-Cubed modelers assume that Mexico and OPEC do not participate in reducing emissions.

f. MS-MRT assumes that non-Annex B countries are given targets equal to their emissions under no international permit trading, rather
than their lower baseline emissions.

g The change in GDP is not available for these models. Price sensitivity is calculated using direct cost.
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Table 3-7. Model Synthesis Estimates of Permit Prices and Reductions of Emissionsin 2010
Under Various Scenarios

Reduction in Global
Emissions®
U.S. Permit Price  (Percent of baseline
(1997 dollars per mtc) emissions of CO,)

Kyoto-Consistent Scenarios

Ideal Implementation 56+15 6
Cartel® 70+19 6
Plus. No CDM 76121 6
Plus. Restrictions on Permit Sales’ 137437 10
Plus: No Offsets from Reductionsin
Other Greenhouse Gases” 178+48 9
Restrictions on Permit Purchases® 122+33 6
Full Credit for Baseline Forest Growth' 0 0
No International Trading of Permits
Ideal Implementation 21658 9
No Offsets from Reductions in Other Greenhouse
Gases” 264471 8
Global Trading of Permits’
Ideal Implementation 28+8 7
Cartel® 31+8 7
Plus. Restrictions on Permit Sales’ 49+13 11
Restrictions on Permit Purchases® 122+33 6
Plus. No Offsets from Reductionsin Other
Greenhouse Gases” 147+40 6

SOURCE: Author’s calculations.

NOTES: CDM=Clean Development Mechanism, by which Annex B countries can take creditsfor projectsthat reduceemissions
in non-Annex B countries.
mtc = metric ton of carbon
CO,= carbon dioxide
To convert 1997 dollars to 2002 dollars, multiply by 1.085.
Estimates of the U.S. permit price include arange of possible error, reflecting uncertainty about exactly how much
businesses, consumers and government would adjust their energy usage in response to higher prices.

a Reductions are measured from the 2010 baseline. In this baseline, global emissions of carbon dioxide in 2010 are 40
percent above 1990 levels.

b. The countries of the former Soviet Union and eastern Europe are not permitted to sell permits they receive in excess of
their baseline emissions. Thisis equivalent to reducing their allocation of permits to baseline levels.

c. Countries cannot offset emissions of carbon dioxide by reducing emissions of other greenhouse gases below target
levels.

d. Each country must achieve at least 65 percent of its obligation to reduce emissions domestically.

e Each country receives credit for the change in carbon stocks on cropland, grazing land, and forests, except those not
available or appropriate for wood production.

f. The global trading cases assume partial exercise of market power by permit-exporting countries within Annex B. Non-

Annex B countries are assumed not to control emissions of other greenhouse gases, and their caps are assumed equal to
their baseline emissions of carbon dioxide.
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Table4-1.  Impact on Energy Prices of a $100 per mtc Permit Price
(Change from Baseline Prices unless Otherwise Noted)

Price of
Price of Cod to Price of Price of Natural Gas Electricity
Utilities Gasoline toHouseholds  to all Users
(Dallars per (Cents per (Dollars per (Cents per
short ton) gallon) thousand cubic feet)  kwh)
Direct Impact® 55 23.8 1.48 09to14
Changein Fossil Fuel Prices -ltol -2to-4 0.05t00.23 0to0.1
Other -1 -3t00 0to0.12 0.2t00.5
Total Impact® 53t056 19t0 22 1.55t01.83 1.6-1.7
Memorandum:
Baseline Pricein 2010, in 23t0 25 127 to 136 5.83106.30 51t06.3
1997 Dollars
Total Impact
(Percent of Baseline Price) 21310245 14to 17 25t031 26t0 33

SOURCES: DRI/McGraw-Hill, The Impact of Carbon Mitigation Strategies on Energy Markets, the National Economy,
Industry, and Regional Economies (study prepared for UMWA-BCOA, Lexington, MA, July 1997); Energy
Information Administration, Impacts of the Kyoto Protocol on U.S. Energy Marketsand Economic Activity (October
1998); WEFA, Inc., Global Warming: The Economic Cost of Early Action, National Impacts (Eddystone, PA:
WEFA, Inc., 1997).

NOTES:  kwh = kilowatt hour
mtc = metric ton of carbon

a Direct impact figuresfor coal, gasoline, and natural gas are from the EIA study only. Total impact figures are taken from
the studies. Thus, the three components of total impact may not add up to the total impact.
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Table4-2. Mode Synthesis Estimates of the Impacts on Energy Pricesin 2010 of Various
Scenarios to Restrict Greenhouse Gases

Price of
Gasoline Price Price of Natural Electricity to
U.S. Permit (Changefrom Gasto Households Households
Price (in 1997 Baselinein 1997 (Percent Change (Percent Change
dollars per mtc) centsper gallon) from Baseline)  from Baseline)
Kyoto-Consistent Scenarios

Ideal Implementation 56+15 12+3 13+4 13+4
Cartel? 70£19 1544 164 154
Plus. No CDM 76x21 1614 1845 1745

Plus: Restrictionson
Permit Sales” 137+37 29+8 32+9 29+8

Plus. No Offsets from
Reductions in Other

Greenhouse Gases® 178+48 38+10 42+11 36110
Restrictions on Permit Purchases® 122+33 267 29+8 267
Full Credit for Baseline Forest
Growth® 0 0 0 0
No International Trading of Permits
Ideal Implementation 216158 47+13 51+14 43+12
No Offsets from Reductionsin
Other Greenhouse Gases’ 264171 57+15 62+17 50+14
Global Trading of Permits
Ideal Implementation 28+8 5+1 7+2 6+2
Cartel? 3148 612 7+2 7+2
Plus: Restrictions on Permit 49+13
Sales 9+2 11+3 11+3
Restrictions on Permit Purchases® 122+33 267 29+8 267

Plus: No Offsets from
Reductions in Other
Greenhouse Gases® 147+40 32+9 34+9 31+8

SOURCES: Author’s calculations.

NOTES: CDM=Clean Development Mechanism, by which Annex B countries can take credits for projects that reduce
emissions in non-Annex B countries.
Estimates include arange of possible error, reflecting uncertainty about exactly how much businesses, consumers
and government would adjust their energy usage in response to higher prices.
To convert 1997 dollars into 2002 dollars, multiply by 1.085.
mtc = metric tons of carbon

a The countries of the former Soviet Union and eastern Europe are assumed to limit exports of permits such that the
domestic price of emissions permits is one-half the international price.

b. The countries of the former Soviet Union and eastern Europe are not permitted to sell permits they receive in excess of
their baseline emissions. Thisis equivalent to reducing their allocation of permits to baseline levels.

c. Countries cannot offset emissions of carbon dioxide by reducing emissions of other greenhouse gases below target
levels.

d. Each country must achieve at least 65 percent of its obligation to reduce emissions domestically.

e Each country receives credit for the change in carbon stocks on cropland, grazing land, and forests, except those not
available or appropriate for wood production.

f. The global trading cases assume partial exercise of market power by permit-exporting countries within Annex B. Non-

Annex B countries are assumed not to control emissions of other greenhouse gases, and their caps are assumed equal to
their baseline emissions of carbon dioxide.




Table 5-1. Impact of Emissions Reductions on U.S. GDP and Consumption in 2010,
with No International Permit Trading and Non-Auctioned Permits
(Percentage Change from Baseline)

Percentage Changein Memo:
Permit Price
GDP Consumption (1997 dollars per
mtc)

Genera Equilibrium Models

AIM -0.5 -0.4° 184
CETA -1.9 -0.6 201
G-Cubed -0.4 14 91
GTEM -2.0 2.1 389
MERGE -1.0 -1.1 286
MS-MRT -14 -04 287
RICE -1.0 -0.2 184
SGM-PNNL n.a -0.7° 189
Macroeconometric Models
DRI® 2.9 -2.9 254
EIA -4.2 -3.1 355
EIA early start -1.2 -0.5 322
Oxford -1.8° -2.5° 407
WEFA -3.2 -1.8 270
SOURCE: Author’s calculations, using: DRI/McGraw-Hill, The Impact of Carbon Mitigation Strategies on Energy

Markets, the National Economy, Industry, and Regional Economies (study prepared for UMWA-BCOA,
Lexington, MA, July 1997); Energy Information Administration, Analysis of the Impactsof an Early Sart
for Compliance with the Kyoto Protocol (July 1999); Energy Information Administration, Impacts of the
Kyoto Protocol on U.S Energy Marketsand Economic Activity (October 1998); William D. Nordhausand
Joseph Boyer, Warming the World: Economic Models of Global Warming (Cambridge, MA: MIT Press,
2000); WEFA, Inc., Global Warming: The High Cost of the Kyoto Protocol, National and State Impacts
(Eddystone, PA: WEFA, Inc., 1998); John P. Weyant, ed., The Costsof theKyoto Protocol: AMulti-Model
Evaluation, Special Issue of the Energy Journal (Cleveland, OH: Energy Economics Educational
Foundation, Inc., 1999); and personal communication from John Weyant.

NOTES: Consumption is private consumption plus government consumption and investment, unless noted otherwise.
Except for G-Cubed, general equilibrium models assumethat unemployment and inflation cannot vary from baseline
levels. Macroeconometric models and G-Cubed assume that unemployment and inflation can vary from baseline
levels.

Estimates assume emissions of carbon dioxide in 2010 are cut to 93% of 1990 levels.

Studies using the EPPA, SGM and WorldScan models do not publish changesin GDP, and only the SGM-PNNL
study publishes the change in consumption.

n.a=not available

mtc = metric tons of carbon

a. Percentage change in private consumption only.

b. Datafor DRI are derived from a weighted average of two scenarios assuming the Kyoto target is 90 percent and 100
percent, respectively, of 1990 emissions.

c. Thel.8percentdeclineinactual GDPissmaller than the 2.5 percent declinein potential GDP shownin the Oxford study.
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Table 5-2.

Model Estimates of the Cost of Emissions Permitsin the United States in 2010, With
and Without International Permit Trading
(Billions of 1997 dollars)

Annex B Trading of Permits

Model | nte”l:lact)i ona  Domestically Allocated
Permit Permits All Permits
Trading Changefrom  Permit Change from
Value No Trading Purchases Vaue No Trading
AIM 218 93 -125 16 109 -109
CETA 253 69 -184 20 89 -164
EIA 441 207% -235% 36° 2432 -198%
EPPA 297 117 -180 15 132 -165
G-Cubed 114 80 -34 10 90 -24
GTEM 524 173 -351 41 214 -310
MERGE 373 152 -221 27 179 -194
MS-MRT 359 118 -242 29 146 -213
Oxford 516 281 -235 25 307 -209
RICE 237 53 -183 13 67 -170
SGM-Admin 201° 82° -209° 17° 99P -192°
SGM-PNNL 201° 127° -165° 20° 147° -144°
WorldScan 136 32 -104 6 38 -98
SOURCES: Author’ scalculations, using: Council of Economic Advisors, The Kyoto Protocol and the President’ sPolicies
to Address Climate Change (July 1998); Energy Information Administration, Impacts of the Kyoto Protocol
on U.S Energy Markets and Economic Activity (October 1998); William D. Nordhaus and Joseph Boyer,
Warming the World: Economic Models of Global Warming (Cambridge, MA: MIT Press, 2000); John P.
Weyant, ed., The Costs of the Kyoto Protocol: A Multi-Model Evaluation, Special |ssue of the Energy Journal
(Cleveland, OH: Energy Economics Educational Foundation, Inc., 1999); and personal communication from John
Weyant.
NOTES: With nointernational trading of permitsthevalue of domestically allocated permitsequalsthevaueof dl permits.

Unless otherwise indicated, figures are for the value of carbon dioxide permits only.
n.a= not available
To convert 1997 dollars into 2002 dollars, multiply by 1.085.

a Under Annex B trading of permits, U.S. emissions are reduced to alevel 9 percent above 1990 levels.
b. These figures include the value of permits for all greenhouse gases.
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Table5-3. Impact of Emissions Reductions on U.S. GDP and Consumption in 2010, with
International Permit Trading and Non-Auctioned Permits
(Percentage Change from Baseline)

Annex B Trading of Permits Globa Trading of Permits

GDP Consumption GDP Consumption

Genera Equilibrium Models

AIM -0.3 0.3 -0.2 -0.2%
CETA -0.7 -04 -0.4 -0.3
G-Cubed -0.2 1.0 -0.1 0.6
GTEM -04 -1.0 n.a n.a
MERGE -0.6 -0.5 -0.3 -0.2%
MS-MRT -0.9 -0.3 -04 -0.1
RICE -0.3 -0.1 -0.1 -0.1
SGM-PNNL n.a -0.42 na -0.12

Macroeconometric Models

DRI -11 -1.6 n.a n.a
EIA® 2.0 1.7 -1.0 -0.9
EIA early start 0.7 04 -05 04
Oxford -1.0° -1.4° n.a n.a
SOURCE: Author’s calculations, using: Energy Information Administration, Impacts of the Kyoto Protocol on U.S

Energy Markets and Economic Activity (October 1998); William D. Nordhaus and Joseph Boyer,
Warming the World: Economic Models of Global Warming (Cambridge, MA: MIT Press, 2000);
Standard & Poor’s DRI, The Impact of Meeting the Kyoto Protocol on Energy Markets and the
Economy (Lexington, MA: Standard & Poor’s DRI, 1998); WEFA, Inc., Global Warming: The High
Cost of the Kyoto Protocol, National and Sate Impacts (Eddystone, PA: WEFA, Inc., 1998); John P.
Weyant, ed., The Costs of the Kyoto Protocol: A Multi-Model Evaluation, Special Issue of the Energy
Journal (Cleveland, OH: Energy Economics Educational Foundation, Inc., 1999); and personal
communication from John Weyant.

NOTES: Consumption is private consumption plus government consumption and investment, unless noted
otherwise.
Except for G-Cubed, general equilibrium modelsassumethat unemployment andinflation cannot vary from
baselinelevels. Macroeconometric modelsand G-Cubed assumethat unemployment and inflation can vary
from baseline levels.
Studies using the EPPA, SGM and WorldScan models do not publish changes in GDP, and only the
SGM-PNNL study publishes the change in consumption.
n.a=not available

a Percentage change in private consumption only.

b. EIA does not specify which of its scenarios correspond to Annex B and global trading of permits. Thistable usesthe
EIA scenario in which U.S. emissions of CO, are 9 percent above 1990 levelsin 2010 for Annex B trading and the
scenario in which U.S. emissions of CO, are 24 percent above 1990 levelsin 2010 for global trading.

c. The 1.0 percent decline in actual GDP is smaller than the 1.4 percent decline in potential GDP shown in the Oxford
study.
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Table5-4. Modd Synthesis Estimates of the Effect of Emissions Reductions on U.S. GDP
and Consumption in 2010 Under Various Scenarios, with Non-Auctioned
Permits
(Percentage Change from Baseline)

Percentage Changein
Scenario GDP Consumption

Kyoto-Consistent Scenarios

Ideal Implementation -0.5+0.1 -0.4+0.1
Cartel? -0.6+0.2 -0.5+0.1
Plus. No CDM -0.6+0.2 -0.5+0.1
Plus. Restrictions on Permit Sales® -1.1+0.3 -0.9+0.2
Plus: No Offsetsfrom -1.2+0.3 -1.0+0.3
Reductionsin Other
Greenhouse Gases’
Restrictions on Permit Purchases -1.0+0.3 -0.7+0.2
Full Credit for Basdline Forest Growth® 0 0
No International Trading of Permits
Ideal Implementation -1.7¢0.5 -1.2+0.3
No Offsets from Reductions in Other -1.8+0.5 -1.2+0.3
Greenhouse Gases”
Global Trading of Permits

Ideal Implementation -0.2 -0.2

Cartel? -0.3+0.1 -0.2
Plus. Restrictions on Permit Sales® -0.4+0.1 -0.4+0.1
Restrictions on Permit Purchases -0.9+0.2 -0.6£0.2
Plus. No Offsets from Reductionsin -0.9+0.2 -0.6+0.2

Other Greenhouse Gases®

SOURCE: Author’s calculations.

NOTES: CDM-= Clean Development Mechanism, by which Annex B countries can get credits for projects that reduce
emissions in non-Annex B countries.
Estimates include a range of possible error, reflecting uncertainty about exactly how much businesses,
consumers and government would adjust their energy usage in response to higher prices.

a Eastern Europeand theformer Soviet Union areassumedto limit exportsof permitssuch that their domestic price
of emissions permitsis one-half the international price.

b. The countries of the former Soviet Union and eastern Europe are not permitted to sell permits they receivein
excess of their baseline emissions. This is equivalent to reducing their allocation of permitsto baseline levels.

c. Countries cannot offset emissions of carbon dioxide by reducing emissions of other greenhouse gases below
target levels.

d. Each country must achieve at least 65 percent of its obligation to reduce emissions domestically.

e Each country receives credit for the change in carbon stocks on cropland, grazing land, and forests, except those
not available or appropriate for wood production.

f. Theglobal trading cases assume partial exercise of market power by permit-exporting countrieswithin Annex B.

Also, non-Annex B countries are assumed not to control emissions of other greenhouse gases.
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Table 5-5. Model Estimates of the Vaue of Emissions Permits Allocated and Used in the
United Statesin 2010
(Billions of 1997 dollars)
No International Annex B Trading of Globa Permit Trading
Permit Trading Permits
Model Allocated and Used  Allocated Used Allocated Used
AIM 218 93 109 54 67
CETA 253 69 89 39 52
DRI 3142 150° 167" na na
EIA 441 207° 243° 85 114°
EPPA 297 117 132 n.a n.a
G-Cubed 114 80 20 30 40
GTEM 524 173 214 n.a n.a
MERGE 373 152 179 105 130
MS-MRT 359 118 146 41 55
Oxford 516 281 307 n.a. n.a
RICE 237 53 67 17 23
SGM-Admin 291° 82° 99° 34° 44°
SGM-PNNL 201° 127° 147° 45° 59°
WEFA 337 n.a n.a n.a n.a
WorldScan 136 32 38 n.a. n.a
SOURCES: Author’scalculations, using: Council of Economic Advisors, TheKyoto Protocol and the President’ s Policies
to Address Climate Change (July 1998); DRI/McGraw-Hill, The Impact of Carbon Mitigation Srategies on
Energy Markets, the National Economy, Industry, and Regional Economies (study prepared for UMWA-
BCOA, Lexington, MA, July 1997); Energy Information Administration, Impactsof the Kyoto Protocol onU.S.
Energy Marketsand Economic Activity (October 1998); William D. Nordhaus and Joseph Boyer, Warming the
World: Economic Models of Global Warming (Cambridge, MA: MIT Press, 2000); Standard & Poor’sDRI, The
Impact of Meeting the Kyoto Protocol on Energy Markets and the Economy (Lexington, MA: Standard &
Poor’s DRI, 1998); WEFA, Inc., Global Warming: The High Cost of the Kyoto Protocol, National and State
Impacts (Eddystone, PA: WEFA, Inc., 1998); John P. Weyant, ed., The Costs of the Kyoto Protocol: A Mullti-
Model Evaluation, Special Issue of the Energy Journal (Cleveland, OH: Energy Economics Educational
Foundation, Inc., 1999); and personal communication from John Weyant.
NOTES: With nointernational trading of permits, thevalue of permitsallocated to U.S. businessesand householdsequals

the value of permits used by U.S. businesses and households.

Unless otherwise indicated, figures are for the value of carbon dioxide permits only.
n.a=not available

To convert 1997 dollars into 2002 dollars, multiply by 1.085.

a Data are derived from a weighted average of two scenarios assuming the Kyoto target is 90 percent and 100 percent,
respectively, of 1990 emissions.

Case2in

paooT

DRI’'s study of Annex B trading of permits.

U.S. emissions are reduced to alevel 9 percent above 1990 levels.
U.S. emissions are reduced to alevel 24 percent above 1990 levels.
These figures include the value of permits for all greenhouse gases.
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Table5-6. Modd Synthesis Estimates of the Value of Emissions Permits Allocated and
Used in the United States in 2010

Allocated Used
Scenario Billions of Percent Billions of Percent
1997 Dollars  of GDP 1997 Dollars  of GDP

Kyoto-Consistent Scenarios

Ideal Implementation 86 0.7 108 0.9
Cartel? 106 0.9 131 11
Plus. No CDM 116 1.0 142 12
Plus. Restrictionson 208 17 231 19
Permit Sales

Plus: No Offsetsfrom 223 18 245 2.0

Reductionsin Other

Greenhouse Gases’

Restrictions on Permit Purchases 186-211° 1517 211 17

No International Trading of Permits

Ideal Implementation 329 2.7 329 2.7
No Offsets from Reductions in Other 331 2.7 331 2.7
Greenhouse Gases’
Global Trading of Permits
Ideal Implementation 43 0.3 56 0.5
Cartel® 48 0.4 63 0.5
Plus. Restrictions on Permit 74 0.6 94 0.8
Sades’
Restrictions on Permit Purchases 186-211° 1517 211 1517
Plus. No Offsetsfrom 184-210° 1517 210 17
Reductionsin Other
Greenhouse Gases’
SOURCE: Author’s calculations.
NOTES: CDM= Clean Development Mechanism, by which Annex B countries can get credits for projects that

reduce emissions in non-Annex B countries.
To convert 1997 dollars into 2002 dollars, multiply by 1.085.

a Eastern Europe and theformer Soviet Union are assumed to limit exports of permits such that the domestic price of
emissions permits is one-half the international price.

b. The countries of the former Soviet Union and eastern Europe are not permitted to sell permits they receivein
excess of their baseline emissions. Thisis equivalent to reducing their allocation of permitsto baseline levels.

c. Countries cannot offset emissions of carbon dioxide by reducing emissions of other greenhouse gases below target
levels.

d. Each country must achieve at least 65 percent of its obligation to reduce emissions domestically.

e These estimates include the value of import quotas. The lower number in the range assumes that the United States

buys foreign permits at the domestic U.S. permit price. The higher number assumes that the United States buys
permits in their domestic price in permit-exporting countries.

f. The global trading cases assume partial exercise of market power by permit-exporting countries within Annex B.
Also, non-Annex B countries are assumed not to control emissions of other greenhouse gases.

90



Table B-1.
Adjustments Made to Model Estimates of Price Sensitivity in Constructing the Model Synthesis Estimates

Multiplicative Adjustment for

Model Adjusted
Estimate of Fina Reductions Implicit Responses to Price
Price Demand in Increasesin Higher Energy Sensitivity
Model Sensitivity for Emissions Nuclear and Prices That
Energy Exceeding Hydroelectric
Too Reductions  Power That Are
Sensitive  in Carbon- Too
Energy
Usage Large Small  Begin Are
Too Ended
Late Too
Soon

AIM -0.68 0.91 -0.62
CETA -0.67 0.77 -0.52
DRI -0.49 1.06 -0.52
EIA -0.41 1.16 -0.47
EPPA -0.69 0.84 0.83 -0.51
G-Cubed -1.54 0.73 0.78 0.82 -0.72
GTEM -0.40 1.06 -0.42
JwWs -1.28 0.89 0.80 0.77 -0.71
MERGE -0.53 -0.53
MS-MRT -0.51 -0.51
Oxford -0.42 1.06 -0.44
SGM-Ad- -0.68 0.93 -0.64
ministration
SGM-PNNL -0.69 0.93 -0.65
WEFA -0.42 1.07 -0.45

SOURCES: Table 3-2 and author’s calculations.

NOTES: Price sensitivity provides an estimate of how energy users adjust their use of carbon-based energy in response to changesin its
price (see Appendix A for details). That sensitivity is negative because energy use falls asits pricerises. Larger absolute values
indicate a larger response.

Except for WS, all calculations assume that U.S. emissionsin 2010 are reduced 7 percent below 1990 levels. JWS assumes
U.S. emissionsin 2010 are reduced to 1990 levels.

RICE and WorldScan models assume a unit elasticity of demand for energy. Becauseit is difficult to know how to adjust
estimates of price sensitivity from these models for this factor, these models are not included in the table.
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Figure 5-1. Model Estimates of Permit Price and Percent Loss in GDP in 2010,
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Note: JWS assumes a cap equal to 1990 emissions, instead of a Kyoto-consistent cap.
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