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Foreword Eilecen Claussen, President, Pew Center on Global Climate Change

Several factors influence the costs of greenhouse gas mitigation. This report illustrates the
importance of one such factor—international emissions trading—in reducing the costs of carbon
control. The authors find that an international greenhouse gas emissions trading regime will
significantly lower global mitigation costs. Specifically, the report finds:

e The costs of controlling carbon emissions would be significantly lower if trade is permitted than if
each country is required to meet its obligations alone.

e Providing greater flexibility in trading mechanisms—for example, allowing trading among various
greenhouse gases and across emissions sources, and allowing trades to occur over time—Ilowers
the costs.

e Emissions trading reduces the potential for "leakage" of jobs, industry, and emissions compared to
a control case with no trading because changes in world fuel prices would be moderated through
the availability of trading.

e While broader participation in trading is likely to yield greater benefits, any amount of trading will
lower the costs for those participating. If a climate policy regime is in place that allows emissions
trading, all parties—with or without obligations—are better off trading than not.

e |ssues of program design and institutional structure must be addressed carefully to realize the full
economic potential of trading regimes.

e By making transparent the core structure and assumptions of economic models, the Pew Center
hopes to provide policy-makers and consumers of economic information with tools to better under-
stand the important assumptions driving the models’ projections of costs.

This report is the first in a series designed to explore how economic models address the climate
change issue. The first phase of this effort will make a direct and significant contribution to economic
modeling in the following four areas: (1) review of existing models and identification of their key
assumptions; (2) investigation of the models’ theoretical frameworks; (3) encouraging best practices in
modeling specific aspects of the climate change issue; and (4) integrating innovative modeling
practices into a state-of-the-art assessment of the costs of climate change and the policies used to
address it.

The second phase of the Pew Center’s economics program will focus on how businesses react to
climate change—and policies to ameliorate it—in the context of sound business strategy and practice.
The Center is in a unique position to provide insight into the inner working of firms through the
participation of our Business Environmental Leadership Council.

The Center and authors appreciate the valuable input of several reviewers of previous drafts of
this paper, including Ev Ehrlich, Judi Greenwald, Eric Haites, Elizabeth Malone, and others.
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ecutive Summary
One of the earliest and most robust findings of economics is that, where relative costs of
performing an activity differ among individuals, business firms, or regions, there are almost always poten-
tial gains from trade. In today’s jargon, trade can always be win-win. Traditional approaches to addressing
environmental problems have generally not taken advantage of this potential. Rather, command and con-
trol regulatory policy instruments have been the tools of choice. While these tools can be effective in
reaching an environmental goal, they can also be expensive. Recently environmental policy-makers have
begun to explore ways of obtaining more environmental benefits per dollar expended, and the use of
emissions trading has been on the cutting edge of these efforts. Because climate change is an issue that
requires a sustained policy commitment over the course of a century, attention to the cost of policy
intervention is especially important. This paper explores the degree to which trade among parties to an

international agreement can reduce the cost of greenhouse gas reductions.

International trade holds the potential of reducing costs of controlling world emissions of
greenhouse gases (GHGs) because the nations of the world experience very different costs for achieving
emissions reductions on their own. However, the potential gains from trade, like the costs of compliance
themselves, may be very unevenly distributed across the world’s participants. While all of the parties to
an agreement stand to gain collectively under trade in emissions rights as compared with "independent
compliance" (i.e., each country meeting its obligations alone), non-participants in the agreement may
either benefit or not depending on their own particular circumstances. The detailed rules for trading
affect how effective trading could be, as well as the level of gains that would be captured in practice.
Details of the trading rules will influence both the total gains from trade and distribution of such gains.
Key issues include definitions of the emissions rights to be traded, the rules for crediting carbon sinks,
and regulations governing participation in the trading framework. In addition, there are economic
uncertainties, such as the behavior of countries that have significant market power in supplying emis-
sions credits, and the transaction costs associated with trading and enforcement. These effects could
significantly increase the costs of mitigation compared to the most favorable case and could reduce the

amount and benefits of trading.
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trading.

A number of global economic models have been used to estimate the effects of emissions

Empirical results derived from these models can be summarized as follows:

e Costs of controlling carbon emissions would be significantly lower if trade in carbon emis-
sions allowances were permitted than if each nation had to meet its emissions reduction

responsibilities alone. The broader the trade possibilities, the lower the costs of control.

e All parties with GHG emissions mitigation obligations benefit from trade. Both permit buyers

and permit sellers will benefit.

e Parties without obligations may be better or worse off under a trading regime relative to a
regime that does not allow trading. However, given a regime that allows trading among
parties with obligations, parties without obligations will be better off trading (i.e., selling

emissions reductions) than not trading.

e Because the costs of fuels could be affected by emissions control and emissions trading,
countries and regions may be affected whether or not they participate in emissions reduction
and in emissions trading. Parties without obligations may be either better off or worse off
after obligations are established for others. For example, if emissions trading is prohibited,
the prices paid to fossil fuel producers are reduced, and the energy-exporting countries are
worse off relative to a no-control case. Emissions trading mitigates this effect. Results for

other non-participating regions are more ambiguous.

e Gains from trade are sensitive to the difference between the base case and target emissions
and to the difference in marginal (incremental) abatement costs among countries. For any
limit to emissions, the higher the future level of emissions is expected to be without inter-
vention, the more difficult and costly mitigation is expected to be. Although the gains from
trade depend on the differences between countries’ marginal abatement costs, not their
absolute level, the analysis in this paper shows that the gains from trade are larger for more

ambitious emissions targets.

e The actual cost savings from trade in emissions are likely to be less than the theoretical sav-
ings shown in most analyses performed with integrated assessment models! because these
models do not include the various measurement, verification, trading, and enforcement costs
that would characterize any real trading system. Programs must be carefully designed to

assure that the potential gains from trade are realized.
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. Introduction
One of the earliest and most robust findings of economics is that, where relative costs of per-
forming an activity differ among individuals, business firms, or regions, there are almost always poten-
tial gains from trade. In the jargon of today, trade can always be win-win. Traditional approaches to
addressing environmental problems have generally not taken advantage of this potential. Rather, com-
mand and control regulatory policy instruments have been the tools of choice. While these tools can be
effective in reaching an environmental goal, they can also be expensive. Recently, environmental policy-
makers have begun to explore ways of obtaining more environmental benefits per dollar expended, and
the use of emissions trading has been on the cutting edge of these efforts. Because climate change is
an issue that requires a sustained policy commitment over the course of a century, attention to the cost

of policy intervention is especially important. This paper explores the degree to which trade among par-

ties to an international agreement can reduce the cost of obtaining greenhouse gas reductions.

The paper begins with a discussion of the principles of trade—the intellectual foundation upon
which the concept of flexible instruments is based. The next section considers the evidence from
modeling results pertaining to the magnitude of potential gains from emissions trading. The paper then
discusses issues associated with rules of and mechanisms for trading. Finally, the effect of institutional

arrangements on the results is discussed.
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e Gains from lrade

The fact that trade produces gains is a powerful point that relates directly to the question of
greenhouse gas control. Most greenhouse gases (GHGs) mix rapidly in the atmosphere, persist for decades
or more, and are expected to affect climate. Because GHGs lead to global effects, it does not matter from
where GHG reductions come. Thus the effect of trading on climate is neutral as long as global GHG

emissions are the same with or without trading.

Countries and regions differ in their degree of dependence on production activities that emit
GHGs, the efficiency with which they produce goods and services per ton of GHGs emitted, and the
ease with which they can change their current dependency and efficiency (for example, their relative
ease of access to coal and natural gas resources or combined cycle combustion technology). Therefore,
it is only natural that they would experience different marginal (incremental) abatement costs when they

attempt to limit their emissions of GHGs.

The principle of gains from trade states that whenever two or more organizations are obligated
to produce a fixed amount of a good or service and their marginal costs of production differ, both can
be made better off through trade. The gains can be realized if the entity with the higher marginal costs
reduces production and pays the entity with the lower marginal costs to increase production. The princi-
ple depends on the difference between marginal costs, not the absolute level of costs. It is equally valid
for two low-cost producers or two high-cost producers, so long as costs differ.?2 GHG emissions control
would be less costly overall if those countries and organizations that have relatively high costs of
emissions reductions were allowed to pay those with lower costs of emissions reduction to undertake
more of the actual emissions reductions. These cost savings (i.e., the gains from trade) would be real-
ized if markets could be established that allowed trading of "permits" or rights to emit GHGs. Nations
with higher emissions control costs could then compensate lower-cost nations to undertake emissions
control on behalf of the higher-cost nations. Of course, the principle is silent on the question of how
the savings are actually shared (i.e., who pays whom how much). Nevertheless, the gains from trade are

still potentially available to be shared regardless of how responsibility for mitigation is assigned.

2
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There is a rapidly developing body of environmental practice among policy-makers in the United
States and elsewhere that attempts to make use of the marketplace in this manner to achieve
environmental goals. Examples from the United States include the sulfur dioxide permit trading system
in the acid rain program, the Regional Clean Air Incentives Market (RECLAIM) in the Los Angeles Area,
water quality permit trading, the emissions credit trading program for criteria air pollutants, and the
U.S. phase-down of lead. Non-U.S. examples include the New Zealand Fisheries License Trading
Program, the Framework Convention on Climate Change Pilot Program for Activities Implemented
Jointly, and the Canadian trading program for ozone-depleting substances. Several authors have pub-
lished reports on lessons learned from these programs.3 The major advantage of a system of tradable
permits is that both overall emissions control costs and individual net costs of compliance are lower

than if each emitter undertook emissions control independently.
A. An Illustration

Let us begin with an example in which there are two countries emitting
carbon and that an agreement to limit emissions exists. One country has higher domes-
tic marginal costs of carbon control (the "high-cost" controller) and the other country has lower domes-
tic marginal costs of carbon control (the "low-cost" controller). To make the example as clear and simple
as possible, also suppose that both countries have full knowledge of each other’s costs so that there is
no controversy over where it is least costly to undertake emissions reduction; that both countries have
full control over their own emissions and effective access to appropriate control technologies; that in
both countries trading of environmental permits is considered an acceptable means of controlling emis-
sions; and, finally, that it costs nothing to specify emissions, transact trades, and enforce compliance.*
(The effects of some of the potential barriers to trading are discussed later in the paper.) Also, assume

that emissions allowances cannot be used in any period other than the one in which they are issued.

It makes no difference for purposes of this example whether or not the low-cost controller has
any actual obligation to control carbon.® Lower overall costs of carbon control would result if, rather
than controlling emissions at its own high domestic marginal costs, the high-cost controller compen-
sated the low-cost controller for undertaking emissions control that the low-cost controller was not oth-
erwise obligated to perform. In a world where both countries had an initial stock of emissions permits

corresponding to their annual emissions of carbon, this trade could take the form of the high-cost

3
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controller purchasing emissions permits from the low-cost controller.® So long as the payment for the
permits is greater than the cost of control for the low-cost controller, the low-cost controller would
benefit from this arrangement. So long as the payment is less than the costs of control for the high-cost
controller, the high-cost controller benefits. So long as the costs of executing, monitoring, regulating,
and enforcing trades do not absorb these cost savings, the overall costs of compliance are reduced.

These cost savings are the so-called "gains from trade."

For example, assume that the low-cost controller can reduce emissions for $10 per ton of car-
bon, and the high-cost controller would face costs of $100 per ton for domestic control of carbon.” The
difference in marginal control costs might occur because of the age and efficiency of industrial
equipment, differences in the national endowments of fuels (i.e., coal vs. natural gas), or some other
reason. Finally, assume that only the high-cost controller must reduce emissions by 1,000 tons. The
cost of 1,000 tons of mitigation is $10,000 to the low-cost controller and $100,000 to the high-cost
controller. If the low-cost controller can obtain a payment of more than $10,000 for the 1,000 tons, it
can profit by undertaking the control of 1,000 tons of carbon. If the high-cost controller can pay less
than $100,000, it is better off as well. Any agreement paying the low-cost controller more than

$10,000 and costing the high-cost controller less than $100,000 is a win-win agreement.

Obviously, under these conditions the low-cost controller would always undertake all emissions
mitigation and the high-cost controller would not undertake any because the low-cost controller is
always the cheap supplier of mitigation. In the real world, marginal costs change as mitigation occurs.
Every region has a long menu of potential emissions mitigation options. These opportunities range from
the very inexpensive to the very expensive. Within a region, the cheap mitigation options would be
expected to be undertaken before more expensive emissions control options; i.e., there is a schedule of
control measures characterized by increasing marginal costs, also known as a "marginal abatement cost
curve." If the cost of controlling the last unit of emissions is different between two regions, a potential
gain can be shared between the parties by increasing mitigation in the region with the lower marginal

cost and decreasing it in the region with the higher marginal cost.

In the real world, of course, significant departures from the idealized circumstances given

above would reduce the gains from trade. Economic actors have problems in estimating costs, in
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accessing and acting upon technological information, in trading, and in enforcing the results of those
trades. All of these factors increase the costs of trading and reduce the gains from trade. The impacts
of these market imperfections and institutional issues are discussed in the later sections of the paper

and in an upcoming Pew Center paper on the institutional issues of trading. However, for the purpose of

explaining the principle of emissions trading, this section assumes that trading is costless.

B. A Numerical Example of the Gains from Trade

To illustrate numerically the gaina from trade in carbon emissions control,
imagine three hypothetical countries (A, B, and C) in the situation illustrated in
Table 1.1n 1990, each country emits carbon as shown in the first row of the table. These emissions

grow over time because of population and economic growth. At some designated year in the future—

e.g., 2010—they have to reduce their collective emissions 10% below the 1990 level.

Table 1

Carbon Emissions and Carbon Control Obligations

Countries, 1990 and 2010 (million tons C)

in Three Hypothetical

Country A Country B Country C Total
1990 300 820 1,350 2,470
2010, Without Control 414 1,045 1,787 3,246
10% Below 1990 270 738 1,215 2,223
2010 Control Obligation 144 307 572 1,023

Box 1 o
Definitions of Cost

The gains from trade are related to the cost of meeting emissions limitation

obligations. This paper uses four terms related to costs:

e Marginal Abatement Cost: The marginal abatement cost is the cost of the

last ton of emissions mitigation. To minimize the cost of any level of abatement,

low-cost control should be undertaken before higher-cost control. Thus marginal

abatement costs rise as the level of abatement rises.

e Total Abatement Cost: The total abatement cost is the direct cost of
emissions abatement. It is the sum of the costs for every unit of abatement.

It does not take into account broader effects on the economy.

e Total Mitigation Obligation Cost: Under a trading regime, an emissions

obligation can be satisfied through a combination of domestic abatement and the

purchase of any emission permits from another party. Thus, the total mitigation

obligation cost is the sum of the total abatement cost, plus the cost of purchasing

any emissions permits, minus the value of any sales of emissions permits.

e Net Mitigation Cost: The net mitigation cost equals Gross Domestic Product

costs plus permit purchases, minus the value of any emissions permit sales.

International |€MISSIONS trading|
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Figure 1 shows marginal abatement cost curves that depict the cost of abatement in the year
2010 for the three hypothetical countries (see Box 1 for definitions of cost used throughout this
report). Each curve represents the marginal costs of reducing domestic carbon emissions in that country
for different amounts of domestic emissions reduction. All costs in the figure and throughout the paper
are shown in constant 1992 dollars. In the absence of the ability to trade, each nation must fulfill its
abatement obligations from its own domestic sources—each country cuts emissions to an amount 10%

below the 1990 level. As

. . Figure 1
shown in Table 1, the obliga- 9
tion to control emissions at of Emissions Control
10% below the 1990 level
means a total of 1023 million
tons of emissions
(144+307+572) must be con- .
*

trolled in these three coun- -
tries in the year 2010. The

_ 24 1 2 $308
marginal abatement cost F 5 L "
curves in Figure 1 show that

. T T T T T T T T T T T T T T T T T
for the three countries, the
corresponding marginal abate-
ment costs without trade 1 Without Trade 1 Without Trade 1 Without Trade
Emiss_ior;s Redtftio7n 3144 tons ’l:ZAmiss_ior;s Redlftion :/307 tons Emissjor;s Redu_ction :/ 572 tons
range from $237 per ton in Marginal Cost = $734/ton arginal Cost = $350/ton Marginal Cost = $237/ton
2 With Trade 2 With Trade 2 With Trade
. Emissions Reduction = 79 tons Emissions Reduction = 286 tons Emissions Reduction = 657 tons

Country C, to $350 per ton in Marginal Cost = $308/ton Marginal Cost = $308/ton Marginal Cost = $308/ton

Country B, to $734 per ton in

Country A. Total abatement costs (total costs of domestic emissions reduction) can be computed mathe-
matically in each instance as the area under the marginal cost curve out to the amount of abatement.
As shown in Figure 2, the corresponding total costs in the no-trade scenario are $48 billion in Country
C, $39 billion in Country B, and $44 billion in Country A. The combined total costs of emissions reduc-
tion without trading would be $131 billion if each country reduced its emissions from its own domestic

sources only.

In Figure 1, if it were possible to compensate other nations to undertake some additional

emissions control, it would clearly be in the best interest of Countries A and B to compensate C to
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Figure 2

of Emissions Control

undertake extra emissions reduction because C's marginal abatement costs are so much lower. As shown
in Figure 2, this approach would also reduce the overall costs of compliance for all three countries
together. If emissions rights could be traded so that A and B undertook less emissions reductions,
instead paying C to take on greater responsibility, for example:

e Country A could lower its emissions control to 79 million tons (total abatement cost $11

billion) and purchase 65 million tons of emissions (at a cost of $20 billion), for a total cost

of $31 billion;

e Country B could lower its emissions control to 286 million tons (total abatement cost $32
billion) and purchase 21 million tons (at a cost of $6 billion), for a total cost of $38 billion;

and

e Country C could increase its emissions control to 657 million tons (total abatement cost $71
billion) and sell 86 million tons of carbon permits (receipts of $26 billion), for a net total

cost of $40 billion.

With trading, Country C could undertake an extra 86 million tons of emissions reductions and

could "sell" these reductions to countries A and B at a price of $308 per ton, the common marginal
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abatement cost in all three countries. The overall total mitigation obligation cost (i.e., sum of the total
abatement costs in each country) would then be $114 billion, a savings of $17 billion relative to the
no-trade scenario. Although Country C faces higher total abatement costs, it is compensated for these
costs through sales of credits to countries A and B. Total mitigation costs (i.e., abatement cost plus net
purchases of emissions permits) are lower in all three countries when they trade than when they do not.

The resulting savings in this case are about $17 billion.

There are two kinds of flexibility that can reduce the costs of carbon emissions control. The
trading of emissions reductions among regions is what is commonly called "where" flexibility in the
climate policy community. "Where" flexibility means that GHG emitters undertake emissions control in
those locations where it is most cost-effective to do so. The other type of flexibility is "when" flexibility.
Emitters having "when" flexibility undertake emissions control when it is most cost effective to do so.
"When" flexibility may involve either acceleration or delay of emissions control, depending on the pace
of technological development and the ability to trade emissions obligations over time. Unused permits
may be held in reserve or "banked" until needed. Banking of unused emissions permits to be used in a
later period is one way to achieve "when" flexibility. The extent of banking will affect the availability of

permits for trading.

Section Il amplifies the results in this section by discussing emissions trading in a more

realistic policy experiment using a global economic model.
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The hypothetical example of emissions control in the previous section focused only on

emissions control in isolation. It did not take into account the many ways in which the world’s
economies interact dynamically to determine the costs of carbon control and the benefits of emissions
trading. To perform a more realistic analysis of the gains from carbon trading in the world’s economies,
it is necessary to analyze many of these interactions simultaneously, a task performed most conveniently

with a computerized numerical model of the economy.

The modeling analysis of carbon trading in this paper is accomplished primarily with Pacific
Northwest National Laboratory’s Second Generation Model (SGM).® Similar to several other integrated
assessment models, the SGM reflects the recent trend toward hybrid integrated computer models that
incorporate features from both energy modeling approaches: the "top-down" approach (which describes
economic behavior based on statistical and theoretical principles) and the “bottom-up” approach (which
emphasizes technological and engineering data and principles). Economic detail is maintained in the
energy supply and transformation sectors that are important for GHG emissions projections, but is
aggregated elsewhere into one large "everything else" sector. The SGM, like most integrated assessment
models, does a relatively good job of capturing long-run costs, but does not capture transition effects

such as inflation rates, unemployment, GNP, and monetary aggregates.®

In an equilibrium model like the SGM, markets are linked to other markets through the market-
clearing process. For example, a change in the demand for coal will have an effect not just on the price
of coal, but also on the prices of oil, gas, and—at least indirectly—the prices of all markets in
the economy. Thus, in the SGM, markets are said to clear when the model solves for the set of prices
for all markets (or sectors) in the modeled economy so that demands and supplies of each market are in
balance (equilibrium). The set of prices in which the equilibrium holds is called the market-clearing

price set.

The SGM also solves for carbon permit prices as part of this market equilibrium. Specifically,

the SGM finds the carbon price (i.e., marginal abatement cost) at which the amount of carbon abated

International |emissions trading\
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Table 2

Required in Selected Regions
Base Case Projected Base Reduce Emissions Reduce Emissions to
Emissions 1990 Case Emissions to 1990 Level 10% Below 1990 Level
(Emissions in (Emissions in (Required emissions (Required emissions
million tons C) million tons C) reduction in million tons C)  reduction in million tons C)
Annex | Countries Year 1990 Year 2010 Year 2020  Year 2010 Year 2020  Year 2010 Year 2020
United States 1348 1810 1974 462 626 597 761
Japan 272 367 371 95 99 122 126
Western Europe 904 1071 1223 167 319 257 409
Canada 117 168 179 51 62 63 74
Australia 62 87 95 25 33 31 39
Former Soviet Union 996 781 925 0 144 0 144
Eastern Europe 290 278 329 0 51 0 51
Subtotal 3989 4562 5096 800 1334 1070 1604
Non- Annex | 1481 2880 3759 0 0 0 0
Total 5469 7442 8855 800 1334 1070 1604

Target is for the Years 2010 and 2020, to Reduce Carbon Emissions to 1990 Levels or 10% Below 1990 Levels

just satisfies the carbon emissions limitation constraint of a region or group of regions. Thus, SGM pro-
vides a consistent way to examine alternative strategies for limiting CO, and other GHGs and to examine

the impacts of energy prices on economic output.

Table 2 shows the reductions in carbon emissions that are necessary to return emissions to
1990 levels, or to 10% below 1990 levels, from a base case or "no control" case. It is immediately
obvious that, because emissions in each country or region grow over time in the base case due to eco-
nomic and population growth, the fixed obligation of a return to 1990 emissions levels (or fixed levels

below 1990 levels) implies that annual emissions reductions requirements would be greater:
e the faster the rate of economic and population growth,
e the more stringent the level of mitigation that must be reached, and

e the further out in time the emissions controls are implemented.

This paper describes analyses of various levels of emissions stabilization, ranging from 1990
levels to 10% below 1990 levels. As a point of reference, the Kyoto Protocoll© targets for Annex | coun-
tries (i.e., the Organization for Economic Cooperation and Development (OECD), Eastern Europe, and
the countries that formerly were part of the Soviet Union)!! range from 10% above to 8% below 1990
levels. The focus of this paper is not the Kyoto Protocol, but rather the implications of trading for a

range of emissions targets.
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The effects of GHG emissions trading on emissions and costs are shown for the years 2010 and
2020. Three control cases are examined in this section. The cases are related to the Kyoto Protocol,
under which the so-called Annex | countries have set targets for emissions reductions to be completed
during the years of 2008 to 2012. The aim of these cases is not to highlight the costs of implementing
Kyoto, but rather to show the magnitude of the costs savings that may occur from international

emissions trading.

e No Trade Scenario. Each nation is responsible for its own emissions reductions and

bears its own abatement costs.

e Annex I Trading. Annex | countries are assumed to trade permits among themselves to
reduce compliance costs. It is assumed that permits are supplied in competitive markets and
that no restrictions exist on the supply or use of permits. (Restrictions on availability and use

are discussed in Section V).

e World Trading. This case is introduced to demonstrate the potential gains from trade
that could be achieved by having the entire world participate in achieving the Annex | emis-
sions obligation. In this case, the global emissions mitigation limitation remains the same as
in the other cases. What changes is the extent to which parties other than those with explicit
emissions limitations can participate in the process. This analysis is agnostic about the
mechanism by which this extension is accomplished.!? This case treats non-Annex | coun-
tries as if they agreed to distribute permits equal to their annual base case emissions and
allowed these permits to be traded internationally. Some would argue that this case corre-
sponds to very broad utilization of the CDM and perhaps that the inherent limitations of

credit trading in general, and of the CDM specifically, would not allow such broad utilization.

Several basic results that emerge from the analyses conducted with the SGM are listed below.

e Mitigation of carbon emissions will cost less overall (generally, much less) if trade in carbon
emissions is allowed than if each nation must meet its emissions reduction targets on its

own. The broader the trade possibilities, the less the overall costs of control.

e Carbon permit buyers generally will benefit from emissions trading as a method to meet

reduction goals. The permit buyers can gain from lower-cost emissions mitigation.

e Given that trading is allowed, potential permit sellers can gain by selling permits whose value
exceeds the extra cost of their emissions mitigation. If trading is not allowed, some potential
non-Annex | permit sellers could still be better off because Annex I's emissions mitigation

efforts will lower the price of remaining energy supplies on the world market.

International |€missions trading\
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e Independent compliance by Annex | countries lowers international fossil fuel prices and
increases the costs of energy-intensive activities in the Annex | countries. Thus energy-
intensive countries could benefit if: (a) they are potential permit sellers, (b) they compete with

Annex | countries, and (c) their export product markets are not too tied to Annex | countries.

e Because the costs of fuels could be affected by emissions control and emissions trading,
countries and regions may be affected whether or not they participate in emissions reduction.
For example, if emissions trading is forbidden, then relative to the base case: (a) fossil fuel
prices fall because the requirement to control carbon reduces fossil fuel demand in Annex |
countries as inputs to production; and (b) Annex | economies import relatively more energy-
intensive goods (which can be produced less expensively in regions with no mitigation obliga-
tions) but (c) overall Annex | demand for goods and services falls. The first two effects are
positive for non-Annex | countries, but the third is not. The final result depends on which of
these effects is the most important within each region. By allowing Annex | countries to
reduce their carbon emissions while consuming more energy than they would in the no-
trading case, trading leaves world oil prices higher, and therefore reduces both the positive

and negative effects on non-participants.
A. No Trade Scenario

Each region’s marginal abatement cost i different. Table 3 gives estimates of
the effects of reducing emissions to 1990 levels in 2010 for the No Trade scenario, the carbon reduction
required in each region, the marginal costs of abatement, and total costs (which in this case equals total
abatement costs). Generally, the model predicts that Japan will have the highest marginal abatement
costs, followed by Canada and Australia, but the United States bears the largest total costs because of

the large amount of carbon reduction that it must accomplish.

Only Annex | countries are shown in Table 3 because no country outside of Annex | has to
undertake emissions reductions in the No Trade case. Non-participating countries can benefit from "leak-
age," in which carbon-emitting activity that is constrained in the OECD migrates to other countries that
are not constrained.!3 In effect, the Annex | countries face an economic penalty for using fossil fuels,
while non-Annex | countries face no such penalty (a marginal cost of GHG emissions of zero). Relative to
the base case, Annex | fossil fuel-intensive economic activity becomes less profitable and declines,

reducing Annex | demand for fossil fuels, putting downward pressure on world fossil fuel prices
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(especially prices for oil and coal), and shifting some fossil fuel-intensive economic activity to non-Annex
| countries where it is relatively more profitable. Although non-Annex | countries could absorb some of
the residual supplies in the world energy market, most models show some net decline in world fossil fuel
prices. As a result of lower world fossil fuel prices and the reduced economic output in the OECD coun-
tries, the energy exporting countries (who face reduced prices for their major exports) also show lower
economic output relative to the base case. Those non-Annex | nations that are the OECD’s principal trad-

ing partners (who face declining markets) could also show lower output relative to the base case.

Relative to the base case, the principal economic beneficiaries in the No Trade case are those
countries that use large quantities of fossil fuels and that do not rely extensively on OECD markets.
However, the direction and level of economic impact on a given country depends on how much interna-
tional fossil fuel prices are affected by carbon mitigation. Table 4 demonstrates the sensitivity of eco-
nomic production in Annex | and non-Annex | countries by region for the No Trade carbon abatement
regime under three different scenarios: (1) a base case in which oil prices are unaffected by carbon
abatement; (2) a case in which world oil prices fall by 10% relative to their base value as a result of
carbon mitigation’s negative impact on the world demand for fossil fuels; and (3) a case in which they
fall 20% relative to their base value. Table 4 shows that there is relatively little variation in impact on

the OECD countries from the differences among oil prices in the three cases. National Gross Domestic
Table 3

by Region (1992%)

2010 2020
Carbon Marginal Total Carbon Marginal Total
Reduction Abatement Cost  Abatement Cost Reduction Abatement Cost ~ Abatement Cost
(million tons C) ($/ ton C) ($ billion ) (million tons C) ($/ ton C) ($ billion)
Region
United States 462 $139 $27.6 626 $170 $42.8
Japan 95 304 11.8 99 324 13.2
Western Europe 167 154 11.4 319 273 36.0
Canada 51 249 5.2 62 320 7.1
Australia 25 147 1.5 33 169 2.3
Former Soviet Union 0 0 0 144 75 4.7
Eastern Europe 0 0 0 51 223 5.5
Total Reductions 800 — $57.5 1,334 — $111.6

The model solves for returning carbon emissions to 1990 levels in the years 2010 and 2020. All reductions are differences in domestic emissions rela-
tive to the “base case”; i.e., the level that would have been achieved in the year shown with no abatement. Base case emissions in the year 2010 are
below 1990 levels in the Former Soviet Union (FSU) (996 million tons) and Eastern Europe (290 million tons). Base case emissions remain below the
1990 level in the FSU in 2020. Both the FSU and Eastern Europe are treated as though 2010 instead of 1990 were the base year for purposes of
emissions reduction requirements and no -10% requirement is imposed. This ensures that there is no difference between aggregate Annex | emissions in
the trade and no trade cases (see discussion in the text). No abatement is required from non-Annex | countries.

Source: SGM
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Products (GDPs) are lower because of the cost of carbon mitigation to these economies. The offsetting
effect of lower world oil prices is relatively modest in these countries because end users only see the
higher domestic fuel prices that include the embedded marginal cost of carbon reduction (e.g., world
oil price plus a domestic carbon tax). If the world oil price were lowered substantially by carbon mitiga-
tion in Annex | countries, however, several of the non-Annex | countries stand to benefit from leakage of
energy-intensive economic activity and from lower oil prices. Thus, Korea and India, for example, show
higher GDPs as a result of lower oil prices. The effect on China and Mexico would be more modest, as
China restricts oil imports and Mexico is an oil exporting country. Because world oil prices are likely to
be higher in a regime with carbon reduction and trading than in a regime with carbon reduction and no
trading, leakage would be less with trading than without it. Thus, while higher prices would result in
lower world carbon emissions and could benefit some non-participants through lower energy prices, they

would not benefit other non-participants.

B. Annex | Trading

Trade significantly reduces compliance cost for controlling carbon
emissions. Table 5 shows the impact of Annex | trading in the year 2010.14 The economic gains

from trade are substantial (i.e., about $20 billion). The effect on carbon permit prices is substantial as

Table 4

Carbon Control to 1990 Levels with No Carbon Trading: Sensitivity of Economic Activity

to the Effects of Carbon Abatement on World Oil Prices

Percent Change in Percent Change in Percent Change in

GDP with Base GDP with 0il Prices GDP with 0il Prices

Case 0il Prices 10% Below Base 20% Below Base
Region 2010 2020 2010 2020 2010 2020
United States -0.24% -0.29% -0.24% -0.28% -0.24% -0.28%
Japan -1.12 -1.41 -1.10 -1.36 -1.07 -1.32
Western Europe -0.80 -1.41 -0.76 -1.33 -0.72 -1.26
Canada -1.88 -2.89 -1.86 -2.89 -1.84 -2.89
Australia -0.73 -0.77 -0.73 -0.76 -0.73 -0.76
Former Soviet Union 0.00 -0.33 0.00 -0.33 0.00 -0.33
Eastern Europe 0.00 -0.99 0.00 -1.00 -0.01 -1.00
China 0.00 0.00 0.02 0.02 0.03 0.03
India 0.00 0.00 0.08 0.08 0.17 0.16
South Korea 0.00 0.00 0.12 0.22 0.23 0.43
Mexico 0.00 0.00 0.04 0.09 0.07 0.12
Rest of World 0.00 0.00 0.04 0.07 0.08 0.14

All figures shown in the table are percentage changes in Gross Domestic Product (GDP) relative to a no-control case. In the base case, oil prices are the
same as when no carbon abatement is attempted: prices are 10% and 20% lower in the other two cases. Non-Annex | countries have a zero percent
change in GDP with Base Case oil prices due to energy prices in SGM being determined exogenously.

Source: SGM
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well. For example, the market-clearing price of permits (the price that makes quantity demanded equal
to quantity supplied and also equalizes marginal abatement costs among regions) is about $106/ton,
compared with marginal abatement costs ranging from $0/ton in the Former Soviet Union to $304/ton
in Japan without trade. The United States net permit purchases are 75 million tons of carbon. Thus, it
satisfies its 462 million ton obligation in the following manner: 84% from domestic sources (386 mil-
lion tons) and 16% with purchased permits (75 million tons). The corresponding domestic abatement

and purchased permit percentages in Western Europe are 77% and 23% and in Japan, 48% and 52%,

respectively.!® Total costs now not only include the amount spent on domestic emissions control, but

also the amount (positive or negative, depending on whether a region is a buyer or seller of permits)

spent on purchasing permits as a substitute for domestic emissions control. As explained in Box 1,

these costs of abatement plus permit purchases are called mitigation obligation costs.

The gains from trading permits among the regions in this set of scenarios are about $20 billion

(1992%) worldwide in the year 2010. This reduction in direct cost is 30% of the cost that would have

been incurred by the Annex | countries in the absence of an ability to trade permits internationally. The

cost of returning emissions to 1990 levels is met entirely within the Annex | countries in this case;

there is no obligation on the part of the rest of the world to reduce GHG emissions.

Table 5
by Region in Year 2010 (1992%)
Total Direct
Domestic Permit Purchases Domestic Total Direct Mitigation
Carbon or Sales Total Mitigation Obligation Cost, Gains
Reduction (million tons C)  Abatement Cost Obligation Cost No Trade from Trade
(million tons C)  (negative = sales) ($ billion) (% billion) ($ billion) ($ billion)
Region
United States 386 75 $18.2 $26.2 $27.6 $1.5
Japan 46 49 2.2 7.4 11.8 4.4
Western Europe 129 38 6.1 10.2 11.4 1.2
Canada 28 23 1.3 3.7 5.2 1.5
Australia 20 5 0.9 1.4 1.5 0.1
Former Soviet Union 162 -162 7.2 -10.0 0 10.0
Eastern Europe 28 -28 1.5 -1.5 0 1.5
Total 800 — $37.5 $37.5 $57.5 $20.0

Note: Marginal cost = $106/ton C in all regions

The model solves for a return to 1990 emissions with competitive permit supply. All values in the table except marginal abatement cost are relative to a
business-as-usual no control case. Total direct mitigation cost equals domestic abatement cost plus cost of permits purchased, minus revenues from per-
mits sold. The analysis assumes no restrictions on permit supply or demand; see text for a discussion of such restrictions. Both the FSU and Eastern
Europe are treated as though 2010 instead of 1990 were the base year for purposes of emissions reduction requirements, so there are no “base mitiga-
tion credits” available, and only the distribution of emissions reduction and total cost, and not the total amount of emissions reduction, is influenced by
the availability of trading. Note: Columns may not add to total due to rounding errors.

Source: SGM
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Although not shown in Table 5, the U.S. mitigation cost for a reduction in emissions to 10%
below the 1990 level is $52.4 billion. The gains from trade for the United States are $2.9 billion. The
corresponding world gains from trade are $43.4 billion, illustrating the increased importance of trade

for meeting more ambitious targets.
C. World Trading

The gains from trade are potentially much greater if the group of nations
undertaking reductions could be expanded to include the non-Annex I countries
as well as the Annex I countries. Although under the Kyoto Protocol non-Annex | countries cur-
rently have no obligation to control GHG emissions, this hypothetical case treats non-Annex | countries
as if they agreed to create permits equal to their annual base case emissions and allowed these 