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Preface

Preface

One key element of the [IPCC Third Assessment Report (TAR) on mitigation of climate change is to
evaluate the economic impact of policies and measures taken by industrialised countries to address
climate change. The IPCC Expert Meeting on Economic Impact of Mitigation Measures and
Policies, organised by IPCC Working Group III and hosted by the Netherlands Bureau for Economic
Policy Analysis (CPB) in collaboration with the Energy Modelling Forum, was intended to focus
on the consequences of abatement policies in industrialised countries. Among the major objectives
were examination of the current findings and issues arising from recent economic research in the
area, both in the context of the Kyoto Protocol and in the context of possible future agreements
beyond Kyoto, identification of key areas of uncertainties, and generation of input for assessment
in IPCC’s Third Assessment Report on Mitigation.

With the generous co-sponsorship from the Dutch Ministry of Economic Affairs and the Dutch
Ministry for Housing, Spatial Planningand the Environment, the meeting took place in The Hague,
27-28 May 1999. A broad set of experts from both developed and developing countries, and from
international organisations such as the International Energy Agency and the UNFCCC, participated
in the discussion. The findings from the meeting are preliminary and highly uncertain but they can
be of value for a better understanding of the possible direction and overall trend of such impacts.
These proceedings consist of a summary report, the full papers and the contribution by discussants.
Although most abstracts of papers were reviewed by the Programme Committee before acceptance,
no arrangement has been made for a thorough review of the full papers as included in this volume.

The activity was held pursuant to a decision of the Working Group III of the IPCC, but such decision
does not imply the Working Group or Panel endorsement or approval of the proceedings or any
recommendations or conclusions contained therein. In particular, it should be noted that the views
expressed in this volume are those of the authors and not those of the [IPCC Working Group III or
those of other sponsors.

Bert Metz Ogunlade Davidson

Co-Chairs IPCC Working Group III
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Summary Report

Summary Report

Jiahua Pan!

Goal and Background

With the Kyoto Protocol entering into force, Annex B countries are obliged to comply with
quantitative limitations of GHG emissions. In the agreement, “flexible” instruments are suggested
to help achieving these limitations. As the first budget period of the Kyoto Protocol is only up to
2012, there is also a need to consider the architecture of the future agreements. In both the short-
and long-run cases, the policies and measures in developed countries will have economic
consequences upon both the developed and the developing economies. One key element of the
IPCC Third Assessment Report (TAR) on mitigation is to evaluate the likely economic impacts of
policies and measures taken by industrialised countries to meet their Kyoto target. There have been
a few research programs on these issues and a discussion on the findings from these projects can be
of great help to better understanding of the problems. Also, the direction and key issues for future
research on these areas need to be identified. It is against the above background that the IPCC
Expert Meeting on Economic Impact of Measures and Policies taken by Annex B countries was
organised by IPCC Working Group III and hosted by the Netherlands Bureau for Economic Policy
Analysis (CPB) in collaboration with the Energy Modelling Forum, with financial support from the
Dutch Ministry of Economic Affairs and the Dutch Ministry for Housing, Regional Development
and the Environment.

The objectives for the meeting were set to:

» Present the findings and issues arising from recent economic research in the area;
» Discuss the possible architecture of future agreements beyond Kyoto;

» Identify key issues for future research; and

e Provide input into IPCC’s Third Assessment Report on Mitigation.

The meeting took place in The Hague, 27-28 May 1999. On the first day the economic impact of
policies agreed upon or discussed at COP3 and COP4 was addressed. On the second day the
discussion was on the architecture of future agreements with a longer-term view. The meeting was
divided into four sessions with 12 papers presented. After each paper, discussants were invited to
provide comments and suggestions on the paper, followed by overall questions and a discussion. At
the meeting, experts from CPB and the Energy Modelling Forum were invited to provide overviews
on key issues at the beginning of morning sessions on both days. A panel discussion was arranged
before the wrap-up session on the second day. See the meeting program in Appendix A for details.

About 45 participants were present at the meeting, coming from both developed and developing
countries, and from international organisations such as the International Energy Agency and the

I This report was drafted by Jiahua Pan of the WG III TSU on the basis of the papers and outlines received at and after the expert meeting
and the notes taken during the meeting, and reviewed by the Programme Committee.
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UNFCCC. Annemarie Jorritsma, the Dutch Minister of Economic Affairs addressed the audience
during the opening session on the first day. A full list of participants is given in Appendix B.
These proceedings consist of a summary report and the full papers (including one invited but not
presented at the meeting) by speakers and review papers by discussants. Papers presented at the
meeting but not submitted in writing other than in the form of an outline are not included. However,
efforts have been made to cover the key points of these presentations in this summary report.

Issues of the Economic Consequences of Kyoto

Introduction

There were two half-day sessions on 27 May, chaired by Casper van Ewijk and Richard Richels
respectively. In the opening part of the morning session, Minister Jorritsma delivered a welcome
speech in her capacity as the Netherlands Minister of Economic Affairs. She emphasised that
climate change is an area where the policy areas of environment, energy and economics are closely
intertwined. She suggested that the focus of the climate change assessment be placed on both the
first budget period of the Kyoto Protocol called the short run as it refers to the years up to 2012 and
the architecture of future agreements referred to as the long run. In her opinion, both the quantitative
commitments and the flexible instruments are important for the success of the Kyoto Protocol.
Therefore, she suggested that compliance issues be included as an explicit part of the research
agenda on the future of climate change policy. In addition to address compliance with the
quantitative commitments and active implementation of the flexible instruments both within Annex
B and globally, the Minister also considers it important to discuss possible future quantitative
commitments for non-annex B countries.

After the welcome speech by Minister Jorritsma, Hans Timmer from CPB and John Weyant of the
Energy Modelling Forum provided overviews on the issues regarding the economic consequences
and the results from earlier modelling exercises. Among the issues covered by Timmer were
baseline problems, uncertainty aspects, endogenous growth, international linkages such as trade and
capital flows, and their economic consequences on non-Annex B countries. He argued that market
failures should be taken full account of in the overall institutional design in addition to market
mechanisms such as emission rights and taxes. The Clean Development Mechanisms as defined in
the Protocol are an example of institutional frameworks that are designed to create efficiency gains
like those that can be achieved in tradeable permit markets. This new institutional frameworks
should be excamined further because they can also lead to new coordination problems. Weyant
briefly outlined the major issues addressed by and results from 10 models®> in the literature,
including AIM, CETA, FUND, G-Cubed, GRAPE, GTEM, MERGE3, MS-MRT, RICE and
Worldscan developed in the United States, Europe, Australia and Japan. These macro top-down
models conclude that, with few exceptions, there would be a loss in GDP in Annex B countries for
emissions reduction without trading. With respect to the reference case, leakage is likely to result
from Annex B to non Annex B regions in the no trading case. The results for consumption losses
in comparison with the reference case are somewhat mixed, with net losses for OECD countries in
most cases with and without trading but with a net gain in a couple of cases for non-Annex B
countries and the former eastern block countries. Without trading, the hot air in Eastern Europe and
the Former Soviet Union would be reduced. World oil prices appeared to fluctuate over time. The
economic impacts of Annex B actions on non-Annex B nations as calculated by the models are
difficult to generalise, with both positive and negative spillover effects.

2 For details, please see individual papers.
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Global Impacts of the Kyoto Agreement

Thomas Rutherford presented the results from the MS-MRT model, co-authored with researchers at
Charles River Associates. The discussant for this paper was Snorre Kverndokk. In the context of a
global agreement to limit carbon emissions, a multi-sector, multi-region trade model (MS-MRT) has
been developed that focuses on the international trade aspects of climate change policy, including
the distribution of impacts on economic welfare, international trade and investment across regions,
the spillover effects of carbon emission limits in Annex B countries on non-annex B countries,
carbon leakage, changes in terms of trade and industry output, and the effects of international
emissions trading.

The MS-MRT results suggest that imposing emissions limits on industrial countries with no
international emission trading has negative impacts on the welfare of industrial and some
developing countries, including all the oil-producing countries, and positive welfare effects on
China and India. According to the authors’ calculations, Annex B trading moderates the impacts, and
greatly improves welfare for Russia. Global trading was calculated to be worse for China and India
than no trading. Russia would be considerably worse off under global than Annex B trading. Terms
of trade would generally move against developing countries in favour of industrial countries when
the former do not participate in international emission trading because the cost in industrial
countries increases, driving up the price of their exports, and their income and import demand fall,
driving down the price of their imports. This is the principal reason for the negative impacts on
developing countries, according to Rutherford. Some developing countries can offset these terms of
trade losses because of their gains in terms of trade with OPEC and ability to shift to production of
energy intensive goods where they have increased comparative advantage over the industrial
countries. This would also increase their gains from trade relative to OPEC. The shift of energy
intensive industries of Annex B countries to non-Annex B countries when the latter do not
participate in emission trading would be significant. As a result, carbon leakage could also be
significant in these model results, because of reduced energy efficiency and fuel substitution due to
lower fuel prices in developing countries. Investment would fall in all regions, less in non-annex B
countries and more in Annex B countries. However, the shift of industry would be moderated by
Annex B emissions trading.

These results are based on the analysis that takes into account the differences in energy intensity
across industries in different countries, and actual data on the share and energy content of imports
and exports. They suggest the need to avoid competitive distortions and carbon leakage. With global
trading, energy intensive industries could move out of developing countries, because the data show
that those countries have the least energy efficient industries and therefore are the most vulnerable
to a uniform, global increase in energy costs. However, the political opposition to this de-
industrialisation process is likely to be strong even if there might exist a net economic benefit from
such a process.

Emissions Trading, Capital Flows and the Kyoto Protocol

Warwick McKibbin presented a paper he co-authored with M. Ross, R. Shackleton and P. Wilcoxen on
emission trading and capital flows under the Kyoto mechanisms. Ben Geurts of the Netherlands
provided comments as a discussant. The theoretical appeal of an international permit program is
strongest if participating countries have very different marginal costs of abating carbon emissions — in
that situation, the potential gains from trade are largest. The results show that within Annex B and
globally, abatement costs can indeed be quite heterogeneous. These differences in abatement costs are
caused by a range of factors including different carbon intensities of energy use, different substitution
possibilities and different baseline projections of future carbon emissions. Because of these differences,
international trading offers large potential benefits to parties with relatively high mitigation costs.
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The results also highlight the potentially important role of international trade and capital flows in
global responses to the Kyoto Protocol. Regions that do not participate in permit trading systems,
or that can reduce carbon emissions at relatively low cost, will benefit from significant inflows of
international financial capital under any Annex B policy, with or without trading. It appears that the
United States is likely to experience capital inflows, exchange rate appreciation and decreased
exports. In contrast, the ROECD? region as the highest cost region, will see capital outflows,
exchange rate depreciation, increased exports of durables and greater GDP losses. Total flows of
capital could accumulate to roughly half a trillion dollars over the period between 2000 and 2020.
Global participation in a permit trading system would substantially offset these international
impacts, but is likely to require additional payments to developing countries to induce them to forgo
the benefits that accrue to them if they do not participate.

The model’s results are sensitive to assumptions that determine the mitigation cost differences
among regions. With a smaller relative control cost differential between the U.S. and other countries
in the OECD, the magnitude of capital flows to the U.S., and the costs and benefits of those flows,
would all be smaller.

In the analysis, there are unavoidable uncertainties in the values of the model’s behavioural
parameters and the future values of exogenous variables. As shown by the sensitivity analysis, the
results should be interpreted as point estimates in a range of possible outcomes. It is clear, however,
that in an increasingly interconnected world in which international financial flows play a crucial
role, the impact of greenhouse abatement policy cannot be determined without paying attention to
the impact of these policies on the return to capital in different economies. Focusing only on
domestic effects would miss a crucial part of the economy’s response to climate change policy. To
understand the full adjustment process to international greenhouse abatement policy it is essential
to model international capital flows explicitly.

AIM-based Analysis of the Economic Consequences of Kyoto — Energy Exporters vs.
Importers

The UNFCCC stipulates in Article 4 that the Parties should consider the specific needs and concerns
of developing countries arising from the adverse effects of climate change and/or the impact of
mitigation measures. Such a requirement is further reiterated in the Kyoto Protocol in its Articles 2
and 3. As the energy sector is likely to be most seriously affected by compliance with the Kyoto
mechanism, a better understanding of the possible impacts on energy importers and exporters would
be of great relevance to the successful implementation of the necessary policy measures. Tsuneyuki
Morita from the Japanese National Institute for Environmental Studies reported the modelling
results on such possible impacts. Jan Willem Velthuijsen acted as the discussant for this paper.

The key findings from the modelling exercise show that the reduction of carbon is projected to incur
a net cost to Annex B countries. The marginal cost per ton of carbon for Japan was calculated as
high as $234 while that for the United States was $153, with the EU in between ($198). As a result,
the projection indicates that the price of crude oil would be lower under Kyoto than the business-
as-usual scenario. The price could be slightly increased if trading among Annex B countries and/or
at global scale would be allowed. However, the price under trading could still be lower than the
business-as-usual case. One direct consequence of the price change would suggest that the Kyoto
accord would reduce global energy trade once it is implemented.

3 Rest of the OECD countries.
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The possible impact resulting from the reduction in oil trade may not be evenly distributed. Oil
exporters, especially Middle East countries, would reduce their GDP and consumption level. On the
other hand, part of energy importers including the dynamic Asian countries would benefit from the
Kyoto mechanisms. As to the question of how to mitigate the impacts, the model results show that
emission trading among Annex B countries would slightly increase the demand for energy and
thereby a higher price of crude oil would help reduce the possible adverse impact on oil exporters.
Other possible mechanisms suggested in the presentation include the role of Clean Development
Mechanism and compensation schemes. However, the discussion did not go into details on how
these approaches would work under the Kyoto Protocol.

Kyoto and Carbon Leakage

The issue of carbon leakage was investigated using the simulation model Worldscan, a dynamic
applied general equilibrium model, developed at CPB and discussed in a paper co-authored by
Johannes Bollen, Ton Manders and Hans Timmer. The results were presented by Ton Manders at the
meeting and discussed by Jean-Marc Burniaux from France. Two scenarios, A1 and B1, were
tentatively used as “business as usual” or the baseline scenarios. These scenarios have been
developed as part of a set for consideration by the IPCC for its Special Report on Emissions
Scenarios*. Both scenarios assume high growth rates, especially in non-Annex B countries. The
main difference is that in B1 very rapid autonomous improvements in energy efficiency are
assumed. That makes the necessary reductions to comply with the Kyoto Protocol smaller and it
generates a substantial amount of hot air in the former Soviet Union, even in 2020. The two
scenarios turn out to generate similar leakage rates to non-Annex B regions. However, a large
difference in leakage within the Annex B region was calculated. In 2020, reduction in Annex B
countries would still be partly offset by induced increases of emissions in the Former Soviet Union
in the model. Typical values for the leakage rate to non-Annex B turn out to be around 20 %.
Leakage in case of free emission trade could be lower compared to the case with unilateral
mitigation policies.

In the analysis, the leakage was split in three different ways. First, the well-known Kaya identity
was used in which a change in emissions is disentangled into a change in production, a change in
energy intensity of production and a change in the carbon intensity of energy. The calculations
suggest that changes in energy intensity of production are more important for the amount of carbon
leakage than changes in carbon intensity of energy. The latter is more important in countries that
reduce their emission than in countries that increase their emissions. Changes in the level of total
production are negligible as cause of leakage. Then the emissions were decomposed into emissions
that are used for net exports of goods and services. To this end, the implicit carbon content was
computed for all sectors, taking into account all intermediate deliveries and all imports. Most of the
leakage was implicitly used for final demand in Annex B countries. That means that leakage, or the
increase in emissions in non-Annex B countries, is mainly due to more energy intensive exports to
Annex B countries and less energy intensive imports from Annex B countries.

In a sensitivity analysis, changes in emissions were split into changes that result from shifts over
sectors and changes that result from shifts in production technologies. Crucial for the process are
trade elasticities and production substitution elasticities. Higher trade elasticities tend to lead to
higher leakage as a result of shifts over sectors, but slightly smaller leakage through changes in input
structures of production. Lower substitution elasticities in the production process tend to decrease

4 These scenarios are preliminary, have not been approved by IPCC at the time when the presentation was made and are subject to
change.
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leakage through changes in the input structures, but increase leakage significantly as a result of
shifts over sectors.

Clean Development Mechanism

There were two presentations on this important issue: Thomas Heller from Stanford University and
Priyadasi Shukla from the Indian Institute of Management, representing views from developed and
developing country perspectives respectively. These two presentations® were discussed by two
discussants, Robert McDougall and Terry Barker, with substantive comments.

The presentation by Heller examined the institutional aspects of the mechanism. For effective and
efficient GHG reductions, proposals for and experiments with co-operative efforts have evolved
from joint implementation (JI) to activities implemented jointly (AlJ) and the clean development
mechanism (CDM). The discussion about the CDM itself has also been evolving from compliance
to a more flexible trading regime. However, there exist many issues to be negotiated, including the
scope of the mechanism (sequestration), capping vs. unlimited use, hot air in Article 17 vs.
additionality in Articles 12 and 6, the allocation of credits, market allocations, overall equity and
equity in the CDM, multilateral mechanism vs. framework rules, private surveillance vs.
administrative monitoring, the place of CDM in the long run design of a mitigation regime and
ratification issues.

In the institutional design of the CDM, problems are associated with adverse selection
(sequestration and conservation), moral hazard (dynamic baselines), leakage issue, and that of
wasting assets and the management of a scarce pool of mitigation opportunities. The commercial
viability of CDM will depend on the potential of energy efficiency, technological improvement,
institutional reform, and the management of financial risks. In addition, administrative feasibility is
an important element for its success. Based on the past experience in JI and AlJ activities,
institutional constraints, especially those in developing countries, will have to be removed or at least
relaxed for an effective- institutional environment for CDM implementation.

The concerns over institutional issues were further emphasised in the comments provided by
McDougall. In fact he believed that too high a hope had been placed on the CDM by some of its
proponents. Rather it is argued that the CDM is likely to play only a modest role in both climate
change and sustainable development action. In his estimation, the CDM is likely to prove
contentious, because it is essentially a proposal for acting “out of natural sequence” and because the
system is to come into operation too soon for the rules to be well defined. Most fundamentally, the
CDM is the product of two different agendas, the sustainable development agenda of the developing
countries, and a cost minimisation agenda by some industrialised countries. The harmonisation of
these two agendas seems rather difficult, since large gaps remain in the two sides’ views on the role
of the industrialised countries in supporting sustainable development. Participants in the CDM may
be disappointed because the incentive to participate in the CDM is weak. On the contrary, effective
safeguards to ensure additionality may impose burdensome delays and costs on would-be
participants. Unlike other mechanisms, CDM projects are to be taxed to meet administrative
expenses and to fund unrelated adaptation projects. If CDM activity will be modest, its effectiveness
in promoting development in the Third World will also be modest.

The above critical view is further shared by Shukla from the perspective of the specific need of
developing countries. The CDM is likely to contribute to cost-effectiveness of GHG reductions in

5 No written paper has been submitted.

14



Summary Report

developed countries due to the wide differences in marginal abatement costs among countries, but
the actual benefits envisaged for developing countries seem to be rather limited. On the contrary,
low global CDM supply might be beneficial to a developing country like India. If there is no CDM,
the oil price is likely to be low. This means to India three possible outcomes: net GDP gain, savings
in foreign exchange, and enhancement of competitiveness. Domestic action in Annex B countries
may also bring about favourable spillover effects to India as a result of improvement in mitigation
technologies and reductions of future mitigation cost. Distributional issues constitute further
concerns for developing countries. In case of India, the gains and losses under different permit
schemes could account for several percentage points of its GDP and it is emphasised that the stakes
for India could be “high”. The conclusion was drawn from his presentation that fairness must be
ensured for the CDM, which requires burden sharing, fair competition, minimisation of welfare
losses and the adoption of a precautionary principle.

Together with other participants, Barker joined the interesting debate as a discussant to Shukla’s
presentation. Three sets of comments were added to the debate on the effects of the CDM as a
flexible instrument on the Kyoto Protocol. The first issue is concerned with uncertainty of the size
and scale of incremental abatement costs. There will be huge differences in costs depending on the
technologies involved, the information available, the incomes of those making the mitigation
decisions, and the time available for the schemes to be planned and to operate. The usual assumption
on lower incremental costs in developing countries can be questionable. The second point concerns
macroeconomic and environmental effects. Learning-by-doing and economics of specialisation and
scale may well mean that the net benefits increase or the costs decrease. On the other hand if the
revenues from the use of fiscal instruments e.g. carbon taxes are used to reduce one distortionary
tax after another, starting with the most distortionary, then as the taxes are removed, the net benefits
should decrease. Environmental effects of CDM schemes such as reductions in other emissions and
damages associated with the reduction in GHG emissions should also be taken into account in the
calculation of the social net benefits of CDM schemes.

The third point touched upon relates to additionality: how can participants be assured that the
outcomes of a CDM scheme will indeed be additional to those which would otherwise have
occurred? In the case of a CDM project there are two sides to the additionality problem: i) how can
the non-Annex B country be assured that the CDM funding will not replace other financial
assistance? And ii) how can the Annex B country be assured that the mitigation will be additional?
The problems here can be alleviated by two requirements. One is that a proportion of the funding
for the CDM scheme (say 50%) should be available to the receiving country for discretionary use.
And the other suggests that Only 50% of the GHG savings be available to the Annex B country as
a contribution to its Kyoto mitigation requirements.

Beyond Kyoto

Introduction

The sessions on Beyond Kyoto were chaired by Mohan Munasinghe of Sri Lanka and Bert Metz of
the Netherlands. A longer-term view is necessary as the Kyoto commitments are set up to the period
2008-2012 only. In addition to six presentations, an overview on the EMF — 17 model comparison
was presented and panel discussion conducted.

John Weyant briefly reviewed the results of the Energy Modelling Forum models, discussed the
post-Kyoto frontiers and suggested directions for future research. The challenges ahead would
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include three issues. One is the flexibility issue: where, when, how and why flexibility. The how
question would involve research and development, technology transfer, information programs, sinks
etc. More comprehensive approaches are indicated. Second, the issue of sustainability, equity and
development attracts lively debates in both the academic and the policy circles. The solutions to
these issues are complicated by the differences in views and in many cases conflict among
economic, ethical, social, political and ecological principles. Incentive compatibility constitutes the
third key issue. Coalitions are likely to be formed and linkages to other global issues must be
established. Three areas of future directions are suggested, notably the basic models, international
trade and technological issues.

Developing Economies, Capital Shortages and Transnational Corporations (TNCs)
Transnational companies may have a major role to play within and beyond Kyoto. A majority of
transnational corporations are based and controlled in industrialised countries. They are equipped
with advanced technologies, capital resources, and managerial skills. There is an incentive for them
to invest in developing countries for higher returns. In developing countries, there is usually a
shortage of capital and lack of appropriate technology. Through direct foreign investment in
developing countries, ancillary benefits are likely to be accrued, including additional supply of
scarce capitals, transfer of technology and management know-hows, promotion of trade and
exports, and generation of employment opportunities and training of skilled workers. All these
would contribute to GHG reduction in developing countries in the long run. However, Leena
Srivastava argued in her presentation that negative effects also exist because of conflicts of interest.
The rising power of the transnational companies is also considered a cause of concern as they
dominate the production and trade at global level. Considering the positive impact of TNCs on
GHG reductions, they should be treated more explicitly in future agreements on climate change.
However, issues regarding the role, position and entitlement of TNCs should be further investigated
in the design of emission trading regimes. The views were partly shared by Thomas Heller, the
discussant for the presentation, although more emphasis was on institutional constraints in the
discussion.

Future Agreements

James Edmonds discussed principles upon which future agreements to mitigate greenhouse gas
emissions might be framed. The current foundation for international action is the Framework
Convention on Climate Change (FCCC), whose ultimate objective is: the stabilisation of
concentrations of greenhouse gases at levels, which would prevent dangerous anthropogenic
interference with climate systems. Neither the FCCC nor the 1997 Kyoto Protocol contains
provisions sufficient to achieve this objective. Further agreements will be needed. These
agreements must confront three broad challenges: extension of the reference time frame to a
century;control of costs; and expansion of the list of nations with quantifiable emissions limitations.

Several research findings are relevant. First, stabilisation of CO, concentration implies that net
global emissions may grow for a time, but must eventually peak sometime in the next century and
then decline thereafter. But, economic theory suggests that global cost minimisation requires that
everyone value a tonne of carbon equally, and that the common value initially be small but rise at
the rate of interest plus the rate of removal of carbon from the atmosphere. This allows for the
orderly turnover of capital stock, time to conduct R&D, prevents lock-in to early versions of new
technologies, which are rapidly improving, and provides time for infrastructure development.
Achieving these conditions requires the development of mechanism, which are consistent with
principles of fairness and equity, by which non-Annex B nations can participate. Two examples
were discussed. Expanded programs to develop and deploy technologies including conservation,
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non-carbon emitting energy forms, and mechanisms for the capture and sequestration of carbon are
also needed.

The logic and comprehensiveness of the architecture proposed by Edmonds was highly appreciated
by Thomas Rutherford as discussant, with further suggestions to improve the framework.

Developing Country Effects of Kyoto Emissions Restrictions

The paper by Mustafa Babiker and Henry Jacoby on developing country effects was presented by
Mustafa Babiker and discussed by Mohan Munasinghe. The magnitudes of the long-term economic
impacts are highly uncertain, but the analysis gives an idea of what these impacts might be, as well
as how they are transmitted through the international trade system. The greatest loss would be
imposed on energy exporters, and the more dependent a country is on these exports the greater the
percentage effect on its economic welfare. So a country like Mexico, with a large and diversified
economy would be much less influenced than the nations of the Persian Gulf (RME), for whom oil
revenues constitute a large faction of GNP. The elasticities of demand by importing countries, and
of supply by the non-OPEC exporters, combine to produce a market condition where efforts to resist
the fall in oil price resulting from Kyoto restrictions could lead to still lower overall OPEC revenue.
Attempts to do the same by a smaller group within OPEC would lead to even worse results for those
taking action to support the price. The distribution of burdens differs depending on the treatment of
existing fuels taxes in the enacting of carbon policies; and the presence or absence of emissions
trading is even more significant. In general, those importing energy would benefit from more
stringent the policies, and the energy exporters would lose. Moreover, emissions trading and tax
harmonisation would look different depending on a nation’s position on this scale. The intensity of
the response will be approximately in proportion to the weight of the energy sector in the national
economy.

Economic Analysis of the IPCC — SRES Stabilisation Scenarios Using Worldscan

The newly produced IPCC emission scenarios® were preliminarily used as the basis for a simulation
analysis using the Worldscam model developed in the CPB. The work was undertaken by Johannes
Bollen, Tom Manders and Hans Timmer of the CPB and presented at the meeting by Johannes
Bollen.

There were three policy cases in the simulation exercise: early versus delayed response; the Kyoto
Protocol with Annex B trading; and global trading after the first Kyoto budget period. Two sets of
conclusions were drawn from the study. Within the “A1” scenario, it appears from the modelling
results that (1) 550 ppmv could be achieved at moderate costs; (2) delayed response may have
negative economic consequences for non-Annex B countries; (3) early response may have negative
economic consequences for Annex B countries; (4) the income effects could be reversed through
permit allocation schemes; (6) a delayed response seems globally beneficial from an economic
perspective; and (7) the price distortion in the end may be large. The second set of conclusions
suggest that delaying the global response is likely to be beneficial at global level because it presents
overshooting in the medium run and free-riding behaviour due to discounting future cost/benefits.
However, due to income transfers from permit trade, conflict of interests may occur.

The comments by Steve Lennon from South Africa and other experts question some of the
conclusions while acknowledging the vigorousness of the modelling method. Some of the key

6 These scenarios were developed in the IPCC Special Report on Emissions Scenarios and not yet approved by the Panel at the time
of the meeting.
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features are still to be fully incorporated. Examples include technological progress during the period
for over one-century, leakage of GHGs, the learning-by-doing losses under delayed response, and
ancillary benefits. In the proposed IPCC SRES scenarios, Al is characterised with rapid growth,
technologically optimistic, major reductions in per capita income. If other scenarios were used, the
conclusions could be very different.

The Kyoto Protocol: A Cost-Effective Strategy for Meeting Environmental Objectives?
For many Annex B countries, the cost involved in compliance with the Kyoto Protocol is a major
source of concern. The presentation by Richard Richels was helpful for improving the
understanding of compliance costs. Three questions were examined in the study by Alan Manne and
Richard Richels: What are the near-term costs of implementation? How significant are the so-called
“flexibility provisions”? And, is the Protocol cost-effective in the context of the long-term goals of
the Framework Convention? This analysis was based on MERGE (a model for evaluating the
regional and global effects of greenhouse gas reduction policies), an intertemporal market
equilibrium model. Three scenarios were explored using the model for answering the questions: 1)
no trading, 2) Annex 1 trading plus CDM, and 3) full global trading. These three options are
representative of alternative implementations of the Kyoto Protocol, with the last as an upper bound
on the CDM’s potential to reduce GDP losses.

In the no trading case, the value of emission rights in the United States in 2010 would approach
$240 per ton. With Annex 1 trading plus CDM, the value would drop to slightly less than $100 per
ton. As might be expected, the value of emission rights would be lowest with full global trading.
Here, it would fall below $70 per ton. In terms of the GDP losses, details were calculated for the
US. The highest losses would occur in the absence of trade, exceeding $80 billion dollars in 2010,
accounting for about one percent of US GDP. To the extent that trade is introduced, losses would
decline. In the most optimistic scenario (full global trade), losses were estimated to be
approximately $20 billion or one-quarter of one percent of GDP in 2010.

Assuming full global participation in an international market for carbon emission rights, the impacts
of limits on emission rights one country could buy were analysed. The losses in 2010 would be two
and half to three times higher with the constraint on the purchase of carbon emission rights. As no
specific obligations are imposed on countries outside Annex 1, there is the possibility of “leakage”.
The overall results indicate that permit trading does not seem to lead to a dramatic increase in
carbon emissions outside Annex 1, suggesting that an international leakage problem could be
manageable.

With respect to the long-term stabilisation objective, there are different pathways for stabilising
concentrations at 550ppmv (twice pre-industrial levels) by 2100, including 1) “Kyoto followed by
arbitrary reductions”; 2) “Kyoto followed by least-cost”; and, 3) “least-cost”. Following a least-cost
strategy suggests that a gradual transition to a less carbon-intensive economy is preferable to one
involving sharper near-term reductions. With the least-cost paths, the value would be relatively low
in the early years ($11 per ton of carbon in 2010), and it would rise gradually over time. With
“Kyoto followed by least-cost”, the value was calculated at $130 per ton in 2010 and then would
track the least-cost path thereafter. In the case labelled “Kyoto followed by arbitrary reductions”,
the incremental value of emission rights would start at about $160 per ton and it would remain high.
In terms of the economic impact on the global economy, “Kyoto followed by arbitrary reductions”
would be the most expensive of the three paths. “Kyoto followed by least-cost” could be a
considerable improvement, but would still be 40% more expensive than embarking on the most
cost-effective mitigation pathway from the outset.
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The results appear rather indicative of the policy directions, but there are several concerns over the
results presented by Richels. As commented by ZhongXiang Zhang, emphasis on global cost-
effectiveness tends to underplay distributional issues. The authors also acknowledge the critics that
MERGE tends to overestimate the costs of mitigation because of the assumptions used in the model.
In addition, issues regarding the power of the market, short-term macro shocks and effectiveness of
domestic policies may need further investigation before a firm conclusion can be drawn on the
practically achievable benefit from emissions trading.

The above issues are partly explored in the paper submitted by Ruqiu Ye of China and the comments
on that paper by ZhongXiang Zhang. Although the paper was not presented due to travel problems
by Ye, it is included in the proceedings.

Climate Policies Beyond Kyoto?

Panel discussants presented their views on climate policies beyond Kyoto. Yvo de Boer from the
Netherlands Ministry of Environment suggested that the targets for the second budget period be
differentiated in accordance with income level, types of commitments and time of commitments. It
is also noted that the divergence of the targets in the early period should be converged at later stages.
The modelling exercises have touched upon many important issues regarding economic impacts
from policies and measures from Annex B countries, but further efforts would be required to
examine more explicitly the impacts on non-annex B countries and on the impact of 15! commitment
period on the 2" budget period. In particular, de Boer points out that much of the modelling work
has been undertaken for and in developed countries and therefore more work should be planned and
carried out for and in developing countries.

Bill Hare from Green Peace stressed that concentration limits are inadequate to drive policies
designed to avoid dangerous climate change for the 2nd budget period, because of economic,
environmental and policy uncertainties. Due to the constraints faced by developing countries, they
as a group are more vulnerable and at risk. With the materials from recent literature, Hare considers
that there exists an urgency to take policy measures to mitigate climate change. If emissions are too
high then achievement of climate objectives much below 500 ppmv CO, could become extremely
difficult. A number of suggestions were offered: (1) economic decision making under uncertainty
frameworks needs to be developed further and main-streamed in the IPCC assessment; (2) “short”
term climate policies (e.g. next 10-15 years) need to preserve capacity for future policy makers to
meet strong climate policy goals and (3) analysis needs to be oriented at achieving both long and
short term goals simultaneously. Jonathan Pershing from the International Energy Agency points out
that there are limitations using the modelling approaches. New technologies are developed and
brought into use and the behaviour of the consumers will become more climate friendly. Carbon has
been valued in many current investment decisions. In designing future agreements, many factors
should be taken into account, including participation, timing, development and environment,
legislative issues, and coverage of GHGs. It is also necessary to consider the interaction between
the short and long term targets.

Mohammad Al Sabban and Priyadarsi Shukla participated in the panel discussion from a developing
country perspective. Al Sabban believes that oil producing, especially OPEC, countries are likely to
suffer from any policy measures for meeting the Kyoto commitments by Annex B countries. As
indicated in many of the studies, oil price is likely to be lowered due to adoption of mitigation
policies. He suggested that the tax system on energy should be reconsidered. Oil in the EU is heavily
taxed while on the other hand subsidies to fossil fuels especially coal prevail in many countries. The
oil exporters should be partly compensated with the reform of the current tax system. Also the issue
of carbon sequestration should be further examined. Shukla made three sets of comments. The first
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one states that any post-Kyoto agreement should take into account the principles of equity and
sustainability. Regarding the policy alternatives, Shukla indicated that they should consider the
different needs, different stages of development and the specific circumstances of developing
countries. In the modelling exercise, other considerations including environmental and equity in
addition to economic goals should be incorporated. Any policies for the post Kyoto period are likely
to result in gainers and losers and the third set of comments from Shukla are concerned with
distributional problems. We should not only consider how to compensate but also consider how to
distribute compensation.

Key Conclusions and Points for Further Research

At the meeting a questionnaire was distributed asking for information on the major points and issues
from this expert meeting. Hans Timmer on behalf of the organising committee summarised a few
key points from the meeting and for the follow-up work.

» Methodologies: modelling approaches are very useful tools to analyse the possible outcomes from
different policy choices under a given set of conditions. However, there is a lack of communication
between the modellers and policy makers. The component of “development” is not explicitly
included in the models. Therefore, there is a need to integrate the economic development
component into the climate change simulations. In addition, non CO, GHGs and non energy CO,
need to be included in the modelling exercises while acknowledging the weak knowledge base
regarding the costs of sink enhancement and of controlling of the relevant trace gases. The models
should be improved to take into account sequestration technologies, burden sharing and equity

o Costs of mitigation: International cooperation through trade in emission rights is likely to reduce
mitigation costs. The magnitude of the savings will depend on several factors. These include the
number of countries participating in the trading market, the shape of each country’s marginal
abatement cost curve, the extent to which buyers can satisfy their obligation through the
purchase of emission rights, and the impacts on the financial markets. However, model results
should be interpreted carefully with essential understanding of the assumptions and conditions.

e Economic impact on developing countries: The results of modelling analyses show a mixed
picture with respect to the impact on GHG-mitigation in Annex-I countries on developing
countries. Vulnerable countries include oil exporting countries. Impacts through changes in
capital flows and instabilities of exchange rates can be significant.

o Emissions trading: Theoretically, global intertemporal trading is economically the most efficient
solution to limit GHG emissions and eventually stabilise GHG concentrations. Partial steps in
that direction may introduce undesirable distortions. However, because of current realities, the
discussions concluded that a rapid introduction of a global market for emissions rights is
probably more dangerous than a first incomplete move towards that ultimate goal.

e Carbon leakage: Mitigation of GHG emissions in Annex-B countries will probably lead to
increased emissions in other countries. The extend to which this may happen, according to the
economic models used in the presentations, is very uncertain and depends on issues such as the
baseline scenario used, the level of integration of non-Annex-B countries in the world economy,
and the price elasticity of energy supply.
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Clean development mechanism (CDM): As an important flexibility mechanism, it may have the
potential for cost-effective compliance with the Kyoto targets. However, the realisation of such
potential will have to depend on a well designed and functioning institutional framework and
political feasibility. A point of concern is that CDM, being not a general but a projects related
mechanism, leads to unequal marginal abatement costs within developing economies. This
would introduce economic inefficiencies. Issues like the business-as-usual baseline, leakage and
the role of transnational companies will have to be addressed to make the mechanism work
effectively.

Baseline issues: For modelling exercises, usually a reference scenario or baseline has to be
assumed. Such a baseline depends on assumptions with respect to issues such as globalisation
trends, the international division of labour and the relative growth rates of emerging economies.
It has large implications for model results. The baseline is not only an assumption in the models,
but also a key issue for negotiators to be agreed upon, e.g. for the implementation criteria of the
Kyoto mechanisms or other possible future agreements. Some factors such as international
leakage, institutional aspects, and change of behaviour are important for the understanding of the
baselines, especially for the long-term baselines.

Future agreements: The time path for GHG stabilisation has important policy implications. Both
intra- and inter-generational burden sharing should be taken into account. Point of departure is
that GHG concentrations have to be stabilised according to the UNFCCC. And in order to
stabilise GHG concentrations, all countries would eventually have to be part of a future
agreement. Equity considerations should primarily focus on the entry time, but more on the
permit allocation as permits are actually a tradable asset or good in the international market.
From an analytical and political point of view, a rigid distinction between the Kyoto Protocol and
future agreements is unsatisfactory.

Treatment of ancillary benefits: Ancillary benefits may take a large share of the total benefit

resulting from mitigation policies, but inadequate treatment has been given to this in the
modelling exercises
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Opening Address

Annemarie Jorritsma, Minister of Economic Affairs

Ladies and Gentlemen,

I am pleased and honoured to have the privilege to open this Expert Meeting of the
Intergovernmental Panel on Climate Change. Climate change is an area where the policy areas of
environment, energy and economics are closely intertwined. As Minister of Economic Affairs -
responsible for both energy and economic policy - I am therefore intensively involved in climate
change policy.

This type of meeting allows for an open discussion on a very important matter. Unfortunately, as
climate policy is now a highly political issue, such open discussions are quite rare. Being an
economics Minister, I know that anything that is rare is highly valued. I was therefore more than
willing to invest both time and money in the organisation of this meeting. I am sure that for the
Environment Minister Mr. Pronk, it was this high rate of return to investment that did the trick.

However, others have contributed much more than Mr. Pronk and I have done. For instance:

The Stanford Energy Modeling Forum, which already commenced last night and will continue until
Saturday morning; the Technical Support Unit of Working Group III of the IPCC, which also
participates in the organising committee and the Netherlands Bureau for Economic Policy Analysis,
which, as Chair of the organising committee, has successfully prepared the ground for this important
meeting. Many people from all these organisations have worked hard to ensure the success of this
meeting.

The participation of speakers and discussants from a broad range of countries is essential for this
type of meeting. I am therefore very pleased to see so many guests from across the globe, and I wish
to thank you all for coming. Your contribution to the debate will be the central product of these two
days.

The purpose of this meeting is to design proposals for future research and inputs for the Third
Assessment Report on Climate Change, to be published by the IPCC in the near future. The focus
was placed on both the first budget period of the Kyoto Protocol - called the short run, as it refers
to the years up to 2012 - and the architecture of future agreements — referred to as the long run. I
firmly believe that the longer-term perspective is of the utmost importance for our views on the short
run. Therefore, I express my hope that today again, the long-run focus is taken as a starting point in
the discussions.

Regarding the relationship between the long run and the short run - or preferably, a not so long run
- I wish to make two comments:

In my opinion, the flexible instruments are as important to the success of the Kyoto Protocol as the
quantitative commitments. They are the two pillars on which the Protocol rests. By agreeing to the
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quantitative commitments, the Annex I parties have acknowledged their historical responsibilities
for the current concentration of greenhouse gases in the atmosphere. By agreeing to the flexible
instruments, the non-Annex I parties have shown that they, too, are serious about the global nature
of the problem. I believe that we should focus on compliance with the quantitative commitments
and on actively implementing the flexible instruments, both within Annex I and globally. This is just
as important for the long run as is a serious discussion about future quantitative commitments for
non-Annex I countries. I sincerely hope that the discussions today and tomorrow will provide new
insights on these matters. Looking at the program, the speakers and the discussants, I have no doubt
that the meeting will be of a high standard.

A second point that I believe to be very important is enforcement of the protocol. As we all know,
it is difficult to ensure compliance with an international treaty, even after the parties have ratified it.
We need an effective compliance regime for the Kyoto protocol, with clear-cut sanctions for cases
of non-compliance. I honestly do not believe that the protocol can be used to tackle climate change
effectively in the long run if this precondition is not met. It simply lacks credibility. I know that for
scientists, the compliance issue is a difficult topic to deal with. However, I wish to point out that
many analyses start with the implicit assumption that compliance is guaranteed. I would like to
suggest that compliance matters be an explicit part of the research agenda resulting from this
meeting.

Ladies and Gentlemen,

I think this meeting will be most interesting and very useful for all those concerned with the
international issues of climate change policy. I hope that the discussions will lead to a robust
research agenda on the future of climate change policy. I for one will be looking forward to learning
the results. For the present, I wish you much inspiration for the discussions.

Thank you.
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Effects of Restrictions on International Permit Trading:
The MS-MRT Model!

Paul M. Bernstein, W. David Montgomery, Thomas F. Rutherford, Gui-Fang Yang

Abstract

A number of proposals to restrict international emissions trading have emerged in negotiations
dealing with implementation of the Kyoto Protocol. This paper uses a Computable General
Equilibrium (CGE) model of international trade developed by the authors to analyze some of these
proposals. The proposed restrictions include limits on the share of a country’s obligation to reduce
emissions it may satisfy through purchases of permits, restrictions on the ability of the Soviet Union
to sell permits in excess of those needed to cover its baseline emissions, other restrictions on permit
sales, potential exercise of monopoly power by sellers of permits, and restriction of permit trading
with developing countries to permits generated through the Clean Development Mechanism
(CDM). Unrestricted trade among Annex I countries can reduce costs present in the case of no
permit trading by about 50 percent, and would remove some of the trade distortions created by the
asymmetric obligations of Annex I and non-Annex I countries. Unrestricted global trading is
necessary to eliminate trade distortions fully and would produce another 50 percent cost reduction.

Restrictions on Annex I countries’ purchases and sales of emissions permits could eliminate half or
more of the possible gains from emissions trading. Although Russia could exercise monopoly
power by restricting sales and raising permit prices, proposed limits on sales would result in even
greater output restraint and raise prices still higher. Banning sales of excess permits by Russia
would make all countries, including Russia, worse off because that limit greatly exceeds the level
of sales restrictions that a monopolist would choose. At the same time, the restriction would
economically harm all purchasers. Limiting emissions purchases affects regions differently but
depresses welfare globally. If permit purchases were limited to 50 percent of a country’s emissions
reduction obligation, the U.S. might even benefit under Annex I trading at the expense of Japan and
Europe, who purchase proportionately more permits than the U.S. Purchase restrictions would be
particularly damaging to the U.S., however, if trading were extended to developing countries
because, under unrestricted global trading, the U.S. would want to satisfy 70 percent or more of its
obligation through purchases of emissions permits. Finally, the CDM would fail to reduce much of
the costs or competitive distortions that exist under unrestricted Annex I trading because the CDM
would not correct the disparity in energy prices applying to all industries and activities not included
in CDM projects.

' The authors are grateful for comments and suggestions from the participants in the EMF 16 workshops in Washington, DC, and at
Stanford University and Snowmass during 1998, as well as to Edward Balistreri of CRA for his contributions to developing both
consistent measures of welfare and an approach to treatment of international trade issues. We gratefully acknowledge financial support
from the Business Roundtable, the Electric Power Research Institute, and the American Petroleum Institute. All statements and findings
are the sole responsibility of the authors.
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Overview

The Kyoto Protocol, signed in December 1997 but not yet ratified by a number of countries
including the United States, defined the next steps to be taken to reduce global greenhouse gas
emissions. It also left unsolved a wide range of questions about the future course of climate change
policy. The Protocol calls for the majority of industrialized countries to limit their emissions of
greenhouse gases by the first decade of the next century, and includes several “flexibility
mechanisms” that could significantly reduce costs for some countries. Developing countries
undertook no commitments to limit their emissions, and insisted that proposed procedures under
which such commitments could be made be deleted from the Protocol. Flexibility mechanisms
included coverage of six greenhouse gases, provisions for international emissions trading, credits
for reforestation and other actions that remove greenhouse gases from the atmosphere (“sinks”), and
a “Clean Development Mechanism” under which industrial countries could finance and gain credit
for emissions reductions in developing countries. Virtually all of the details concerning the
flexibility mechanisms were left open for further negotiation. These include such issues as the role
of developing countries in the overall emissions reduction effort, and the scope and design of an
international emissions trading system.

In the aftermath of the Kyoto negotiations, countries have argued extensively over the equitable
structuring of an international permit trading protocol. Unrestricted, comprehensive, and properly
designed, an international emissions trading system would significantly reduce the global costs of
limiting greenhouse gas emissions. Nevertheless, parties to the ongoing negotiations have taken
mutually incompatible positions on how emissions trading should be implemented. The United
States has advocated unrestricted emissions trading, extended as rapidly as possible to include key
non-Annex I countries. The European Union and a number of developing countries have proposed
tight restrictions on emissions trading, and oppose any efforts to include non-Annex I countries.
Russia has made it clear that its participation in the Kyoto Protocol is contingent on its unrestricted
ability to sell permits to other Annex I countries. Furthermore, all sides debate the meaning of
language in the Protocol that emissions trading must be “supplementary” to domestic abatement
efforts.

Restrictions on emissions trading could eradicate most of such a system’s potential benefits.
Curtailing Russia’s ability to sell permits or, conversely, efforts by Russia to restrict sales in order
to raise prices could have a major negative impact. Imposing a ceiling on purchases by the U.S. or
other countries to enforce a restrictive notion of “supplementarity” would probably have a similar
effect. Ultimately, such restrictions would lead to higher permit prices in the United States, lower
purchases of permits on international markets, and losses in GDP and exports that would
approximate levels to be expected in a no-trade regime.

Currently, the outcome of the Kyoto Protocol remains highly uncertain; thus, the final form of
emissions trading is unclear. Because of the great uncertainties involved, this paper analyzes three
possible emissions trading regimes under a number of different trading restrictions. To assess the
possible impacts on world regions from this diverse set of possible outcomes, we employed our
Multi-Sector, Multi-Region Trade (MS-MRT) model. Since this model is a fully dynamic, general
equilibrium model of trade, it accounts well for the interactions among industries and regions that
result from international policies.

In the next section, we describe the MS-MRT model, providing an overview of the model structure

and key elements. We then report the results from three basic emissions trading regimes that we
denote as our core scenarios: no trading among regions in emissions permits, unrestricted trading
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among Annex I countries, and unrestricted trading among all regions. After presenting results from
these scenarios, the paper analyzes a number of different restricted trading scenarios. First, it
describes the modeling methodology for these scenarios, then presents results and discusses how
restrictions on trading affect the level and distribution of costs of compliance with the Kyoto
Protocol.

Description of the MS-MRT Model

The Multi-Sector Multi-Region Trade (MS-MRT) Model is a dynamic, multi-region general
equilibrium model that is designed to study the effects of carbon restrictions on trade and economic
welfare in different regions of the world. The model includes a disaggregated representation of
industries, based on the GTAP4 dataset, so that differences in energy intensities across countries and
differences in the composition of industry can be taken into account. It can represent a wide variety
of international emissions trading regimes, define trading blocs composed of any grouping of
regions, and place any set of constraints on both purchases and sales of emissions permits. The
model computes changes in welfare (calculated as the infinite horizon equivalent variation),
national income and its components, terms of trade, output, imports and exports by commodity,
carbon emissions, and capital flows. It is fully dynamic, with saving and investment decisions based
on full intertemporal optimization.

Conceptually, the MS-MRT model computes a global equilibrium in which supply and demand are
equated simultaneously in all markets. The model assumes full employment and there is no money.
There is a representative agent in each region, and goods are indexed by region and time. The budget
constraint in the model implies that there can be no change in any region’s net foreign indebtedness
over the time horizon of the model. Even though there is no money in the model, changes in the
prices of internationally traded goods produce changes in the real terms of trade between regions.
All markets clear simultaneously, so that agents correctly anticipate all future changes in terms of
trade and take them into account in saving and investment decisions. The MS-MRT model is
calibrated to the benchmark year 1995, and solves in five-year intervals spanning the horizon from
2000 to 2030.

In order to capture some of the short-run costs of adjustment, elasticities of substitution between
different fuels and between energy and other goods vary with time. The model is benchmarked to
assumed baseline rates of economic growth and a common rate of return on capital in all countries.
The rate of growth in the effective labor force (population growth plus factor-augmenting technical
progress) and the consumption discount rate are computed to be consistent both with the assumed
rates of growth and return on capital, and with zero capital flows between regions on the balanced
growth path.

In the form used for the EMF study, the MS-MRT model divides the world into ten geopolitical
regions (see Table 1).

Six industries are represented in the MS-MRT model structure:
* Four energy forms: oil, coal, natural gas, and electricity; and
* Two non-energy goods: Energy-Intensive Sectors (EIS), and All Other Goods (AOG).

The MS-MRT model uses an Armington structure in its representation of international trade in all

goods except crude oil, and places no constraints on capital flows. Crude oil is treated as a
homogeneous good perfectly substitutable across regions. For all other goods, we assume that
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Table 1 Regions in the MS-MRT Model

Member of
Code Region OECD Annex |
USA United States Yes Yes
JPN Japan Yes Yes
EUR Europe Union of 15 Yes Yes
OOE Other OECD Yes Yes
FSU Eastern Europe and Former Soviet Union No Yes
CHI China and India No No
SEA Korea, Singapore, Taiwan, Thailand, and Malaysia No No
OAS Other Asia No No
MPC Mexico and OPEC No No
ROW Rest of world No No

domestically produced goods and imports from every other region are also differentiated products.
Domestic goods and imports are combined into Armington aggregates, which then function as
inputs into production or consumption.

The model includes the markets for the three fossil fuels. Electricity is produced using these fuels,
capital, labor, and materials as inputs. Crude oil trades internationally under a single world price.
Natural gas and coal are represented as Armington goods, to approximate the effects of
infrastructure requirements and high transportation costs between some regions. Depletion is
assumed to lead to rising fossil fuel prices under constant demand, but the relation between
depletion effects on the supply of oil, gas, and coal and the actual supply of these fuels is ignored.
That is, the model does not keep a record of the current stock of each fuel in each time period.
World supply and demand determine the world price of fossil fuels. Current energy taxes and
subsidies are included in each country’s energy prices. The carbon-free backstop, represented as a
carbon sequestration activity that requires inputs of non-energy goods, establishes an upper bound
on world fossil fuel prices.

Non-Technical Discussion of the MS-MRT Model Structure

This section offers a non-technical discussion of the important elements of the MS-MRT model:
production, household behavior/consumer choice, international trade, savings and investment, and
carbon restrictions. It relies largely on diagrams to illustrate the nesting structures used in the
utility and production functions and the definitions of markets.?

Production of the Non-Energy Goods

The MS-MRT model represents non-energy production in two sectors. In producing non-energy
goods, the model accounts for regional differences in factor intensities, degrees of factor
substitutability, and the price elasticities of output demand in order to trace back the structural
change in industrial production that is induced by carbon abatement policies.

2 For a mathematical description of the model, see Bernstein, Rutherford, and Montgomery, "Trade Impacts of Climate Policy: The MS-
MRT Model," in review, Energy and Resource Economics, 1998.
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All non-energy industries have a similar production structure (see Figure 1). Materials (outputs of
the two industries used as inputs in other industries) enter the production function in fixed
proportion with a value-added aggregate and an energy aggregate. The value-added aggregate
comprises capital and labor. When the energy value share of an industry is small, the elasticity of
substitution between the value-added aggregate and the composite energy good is equal to the own-
price elasticity of demand for energy. This elasticity determines how difficult or easy it is for a
region to adjust its production processes in response to changes in energy prices. Higher values of
the energy substitution elasticity imply that a region can more easily substitute value-added for
energy as the price of energy increases. This elasticity is time varying to reflect capital stock
turnover and the ease of deploying new technology. For OECD countries, this elasticity begins at
a value of 0.35 in the year 2000 and rises linearly to 0.6 by 2030; in non-OECD countries, it starts
at 0.3 and rises linearly to 0.5 over the 30-year time horizon.

Capital and labor are nested as Cobb-Douglas. They may be substituted directly for each other
through activities such as the automation of labor-intensive tasks. Therefore, the higher the wage
rate, the more attractive it becomes to adopt automation. Labor inputs in this model are measured
in efficiency units, so that one unit of labor supply is the same as ten billion dollars of base-year
wages.

Figure 1 Production Structure for AOG, EIS, and Electricity
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Labor supply is inelastic. Growth rates in the labor force are exogenously specified, so that the
effective labor endowment for each region increases over time with labor force efficiency and
population growth along the region’s baseline growth assumptions. Labor is regionally immobile,
and the labor force is fully employed at all times.

Capital stocks evolve through geometric depreciation of existing capital stocks and new investment
of sector-specific capital (within countries). The rates of return on capital are determined in an
international market by endogenous levels of lending and borrowing. We assume perfectly
competitive capital markets in which the rate of return adjusts so that supply equals demand. The
model is calibrated to an equalized net rate of return equal to 5 percent in all regions.

Armington composites enter the material nest, so that intermediate inputs from domestic industry j
are imperfect substitutes for imports of good j. Material inputs are complements among each other;
all other inputs are substitutes.

Production of Fossil Fuels

The production of fossil fuels requires inputs of the aggregate non-energy good and a fuel-specific
factor of production that can be thought of as a sector-specific resource. In solving for the baseline,
this resource is used to match the level of fossil fuel production to the U.S. Department of Energy’s
projections for fossil fuel production (EIA, International Energy, Outlook 1998) through 2020 and
to the IPCC 1S92a scenario from 2020 to 2030. This matching is achieved by requiring that this
resource be used in fixed proportions (0 = 0) with the aggregate good (see Figure 2). Then,
defining the level of available fixed resource for each fuel determines the level of each region’s oil,
gas, and coal production. After we solve the baseline scenario, we solve the fossil fuel production
equations for the non-zero value of O required to arrive at the same fuel prices and fuel production
levels. This value for the fuel supply elasticity is used when we solve the model under the carbon
abatement scenario. Therefore, the level of production is allowed to vary in the scenario solve.

The value of the elasticity of substitution between inputs L  and M, and the Resourceg
determines the price elasticity of supply at the reference point.

Figure 2 Energy Production Structure for Fossil Fuels — Oil, Natural Gas, and Coal
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Household Behavior, Consumer Choice, and the Representative Agent

For each region, there is one infinitely-lived “representative” agent who chooses to allocate its
region’s entire lifetime income across consumption in different time periods in order to maximize
welfare. In each period, the consumer faces the choice between current consumption and future
consumption that is purchased via savings. The pure rate of time preference between current and
future consumption determines the intertemporal allocation of consumption. In equilibrium, the
agent is indifferent between consuming one unit of consumption today or consuming the value of
one unit of consumption that is adjusted for time preference tomorrow. We employ an intertemporal
separable utility function where the intra-period utility from consumption is based on a nested CES
function over imported and domestic commodities. The representative agent maximizes utility
subject to an intertemporal budget constraint.

The budget constraint equates the present value of consumption demand to the present value of
wage income, the value of the initial capital stock, and the present value of rents on fossil energy
production, less the value of post-terminal capital. In this formulation savings are determined
implicitly so as to equalize the marginal utility of a unit of investment and current consumption.
Savings are used for future consumption.

Current consumption is a CES aggregate of energy and non-energy goods (see Figure 3). Consumers
substitute between the end-use energy aggregate and the industry good aggregate with an elasticity
of substitution o, This elasticity varies over time to reflect capital stock turnover and the ease of
deploying new technology. For OECD countries, this elasticity starts at a value of 0.35 in the year
2000 and rises linearly to 0.6 in 2030; for non-OECD countries, it has an initial value of 0.3 and
rises linearly to 0.5 over the 30-year time horizon. This elasticity approximately equals the own-
price elasticity of demand for energy because energy represents only a small fraction of total
consumption.

Aggregate end-use energy is composed of the fossil fuel aggregate. The aggregate comprises oil,
gas, and coal; these fuels substitute against each other with an interfuel elasticity of substitution
equal to op,;. Electricity is nested together with the non-energy goods. Each non-energy good in
the fuel nest is an Armington composite, in which domestic and imported goods are combined in the
manner described below. Purchase of the good is financed from the value of the household’s
endowments of labor, capital, energy-specific resources, and revenue from any carbon permit sales.

Figure 3 Consumption Nest
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International Trade
Trade takes place in the fossil fuels and in the composite non-energy goods. All bilateral trade flows
for the non-energy goods are represented in the MS-MRT model.

2 Xi = Z M, Vt,j € {energy goods, non - energy goods}

On the import side, consumers and industries choose between these domestically produced goods
and imports. Demands for imports stem from cost-minimizing producer behavior and utility-
maximizing household behavior. For the non-energy goods, an Armington trade structure is used
so that the model differentiates between domestic and foreign goods. Therefore, domestically
produced goods and imports are imperfect substitutes. Small cost differences across regions for a
good do not lead to a total shift in demand from one region to another, and small changes in costs
lead to small movements away from existing trade patterns. In addition, the Armington structure
accommodates both imports and exports of the same commodity across regions (cross-hauling).

To create the Armington aggregate, imports of each non-energy good from each region substitute
against each other with an elasticity of substitution equal to the Armington elasticity, oy, and the
aggregate import good substitutes against the comparable domestic good with an elasticity of
substitution (Op,,) equal to half of oy, The Armington elasticity oy, is set at 4 for this model
with two non-energy goods because those composite goods are not likely to be identical across
countries. This elasticity measures how easily imports can substitute for domestically produced
goods. The Armington elasticity affects the potential gains in non-Annex I export sales that will
occur when lower energy costs give these non-participating countries a competitive advantage.
Figure 4 displays this structure. A,  represents either consumer or industry demand for the non-
energy good i in region r in time period t. Industries and consumers consume an Armington

aggregate of domestically produced goods (D. _,) and goods imported (M. _,) from regions s = r.

it is,t

The models incorporate international markets for all goods. For these goods, we have a global
market-clearing condition for the MS-MRT model:

Figure 4 Armington Nest Trade Structure for Consumption and Production
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The model is closed with respect to international trade through the intertemporal budget constraint.
The intertemporal budget constraint for the representative agent in each region requires that the net
present value of international borrowing or lending remain equal to the baseline level over the
model’s time horizon. This implies that any change in capital flows must net to zero (in present

value terms) over the time horizon. Since the current account surplus or deficit (equal to the value
of net exports) equals net international lending or borrowing, this also implies that the net present
value of the change in the current account must be zero over the time horizon. The imposition of
an intertemporally balanced trade account is linked to an implicit exchange rate that reconciles the
present value of each region’s domestic import demands with the present value of its exports.

This budget constraint allows changes in capital flows to play a part in determining the trade
impacts of carbon limits. In contrast, the EPPA model assumes a period-by-period balance-of-
payments constraint so that the current account deficit or surplus must equal baseline levels in each
year. The G-Cubed model imposes a constraint on capital flows, so that a region’s net foreign
indebtedness can change over the model time horizon. G- Cubed accounts for the effects of changes
in indebtedness by calculating GNP, in which interest payments on foreign debt are deducted from
domestic output (GDP).

Savings and Investment (Dynamics)

MS-MRT is a fully dynamic general equilibrium trade model. The model structure incorporates
forward-looking investment and savings behavior, so that businesses, individuals, and governments
anticipate the effects of announced policies that are to take effect in the future. The level of savings
and investment in a given period is endogenously determined by entrepreneurs and households that
maximize the firm’s value and the representative agent’s lifetime consumption. Entrepreneurs
choose investment levels to maximize the net present value of profits, and savings behavior is
determined by intertemporal utility maximization. Therefore, investment dollars are placed in the
area where they will receive the highest return. Physical capital stocks depreciate at a constant
geometric rate, and they are incremented by investment from domestic output. The finite horizon
poses some problems with respect to capital accumulation. In the absence of any terminal
adjustment, agents would consume all capital stock in the terminal period and thus let the value of
the capital stock decline to zero after 2030. This would have significant repercussions for rates of
investment in the periods leading up to the end of the model horizon. To correct for these effects,
we apply an auxiliary equation dealing with the terminal capital stock.

It should be emphasized that we apply this side constraint along with the other economic
equilibrium conditions (zero profit, market clearance, and income balance), but the application of
this constraint has no implications for investment and consumption activities because these impacts
do not enter into the zero-profit conditions for these activities. Instead, we close the model by
including a terminal capital stock variable, the quantity of which is determined so that the rate of
growth of terminal investment is balanced. That is, the shadow price of the above auxiliary
constraint is the price of the terminal capital stock.

Carbon Restrictions

To comply with the Kyoto Protocol, the model places a carbon emissions limit on the participating
countries. The model endows these countries with emissions permits that allow them to emit carbon
up to the level to which they agreed. In the MS-MRT model, it is assumed that, under the no-trade
scenario, the emissions permits are tradable within each Annex I region but not across regions.
Under the trading scenarios, emissions permits can be traded among the different blocs: for the
Annex [ trading scenario, only Annex I countries face carbon limits, and the permits are tradable
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across all Annex I countries; for the global trading scenario, all countries face carbon limits, and the
permits are tradable throughout the world.3

Benchmarking and Calibration*

This section describes how the MS-MRT model was benchmarked and calibrated. As is customary
in applied general equilibrium analysis, the MS-MRT model is benchmarked to economic
transactions in a particular year (1995). Benchmark data determine the parameters and coefficients
(value shares) of the CES production, demand, and utility functions. Base-year finance statistics
indicate the value of payments to capital across sectors and the gross value of capital formation. For
calibration, we needed to determine a reference level of emissions growth, GDP growth, energy
production, energy, and non-energy trade. This entailed assigning values to key elasticities, such as
end-use demand, Armington, oil supply, and the Autonomous Energy Efficiency Improvement
(AEEI).

To develop a consistent database for energy and non-energy trade and input-output data, we merged
non-energy trade data, input-output data, and input-output coefficients for energy from the GTAP
database with data from the International Energy Agency (IEA). (See Babiker and Rutherford
[1996] for details.)

For carbon emissions forecasts, the model was calibrated to the projections of both DOE and the
International Panel on Climate Change. The reference or business-as-usual (BAU) level growth
path for world emissions is taken to be the IPCC’s reference scenario IS92A. The IS92A scenario
corresponds to the IPCC’s baseline (medium growth) scenario, which calls for worldwide carbon
dioxide emissions to grow from 6.0 billion tonnes in 1990 to 10 billion tonnes by the year 2020.
The reference level emissions growth determines the amount of emissions reduction required to
meet the carbon limits called for by any carbon abatement policy.

The energy production and consumption forecasts as well as regional emissions were obtained from
the Department of Energy’s International Energy Outlook, 1998. These forecasts were then
calibrated to current EIA data and the IS92A scenario so that energy consumption was consistent
with carbon emissions. The business-as-usual GDP growth rates were taken from MERGE (a
Model for Evaluating the Regional and Global Effects of greenhouse gas reduction policies), which
was developed by Alan Manne and Richard Richels.

Selecting Elasticity Values and Backstop Prices

Selecting elasticity values affects the dynamics of the model and how the model responds under a
carbon abatement policy. The choice of values has no effect on the baseline level of energy
production and consumption, which is benchmarked through choice of other free parameters so that
the chosen baseline is replicated as a market equilibrium. There are several key elasticities that need
to be chosen for an MS-MRT simulation, including the oil supply price elasticity, Armington
elasticity, end-use demand elasticity, interfuel elasticity of substitution, and the cost of the carbon-
free backstop technology.

3 In the MPS/GE framework in which MRT-MS is written, creating a market for carbon permits and imposing a cap on carbon emissions
for each country is straightforward. See the web site, www.gams.com, for a description of the MPS/GE modeling language.

4 For further technical details on how the MS-MRT is benchmarked, see Bernstein, Rutherford and Montgomery, 1998.
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Table 2 Kyoto Protocol’s Emissions Targets for Annex I Regions

Region 2010 Target (% Change from 1990)
uU.S. 7%

Japan -6%

Canada -6%

European Union of 15 -8%

Other OECD +1.1%

EE/FSU -2%

Core Scenarios

For a point of reference, the MS-MRT model was run under three different emissions trading
scenarios: No trading, trading only among Annex I countries (Annex I trading), and full global
trading (Global trading). These three trading regimes provide a basis for understanding the
opportunity cost of restrictions on emissions, so we refer to them as the core scenarios. The first
two scenarios are possible outcomes of the Kyoto Protocol, unlike the third, which is impossible
given the Protocol’s current wording. Under Annex I and global trading, no restrictions on sales or
purchases of emissions permits were applied. Each Annex I region was assigned emissions limits
for 2010 consistent with its obligation under the Protocol (see Table 2). Under the global trading
scenario, non-Annex I countries assume an emissions target equal to their emissions under the no-
trading scenario.

Results for Core Scenarios

In the core scenarios, the MS-MRT model consistently finds that emissions limits on industrial
countries with no international emissions trading have negative impacts on the welfare of industrial
and oil-producing countries, and both positive and negative welfare effects on energy-importing
non-Annex I countries (see Table 3). Annex I trading improves the situation for all regions, except
China and India, but only changes the sign for EE/FSU. All regions benefit under global trading as
compared to no trading; only EE/FSU is worse off under global trading than under Annex I trading.

Table 3 Welfare under the Three Benchmark Trading Cases (Percentage Change from Baseline)

Trading Scenarios

Regions No Trading Annex [ Global
USA -0.56% -0.36% -0.14%
JPN -0.64 -0.23 -0.03
EUR -0.45 -0.25 -0.05
OOE -0.92 -0.76 -0.30
SEA -0.18 -0.04 0.25
OAS -0.10 -0.01 0.19
CHI 0.34 0.22 0.34
EE/FSU -0.42 4.44 0.48
MPC -1.39 -1.15 -0.36
ROW -0.10 -0.08 0.03
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Table 4 Carbon Permit Price under Three Benchmark Scenarios
(1995 U.S. Dollars per Metric Ton)

Scenario Region 2010 2020 2030
No Trading USA $275 $314 $356
JPN 468 523 526
EUR 209 309 430
OOE 249 363 505
EE/FSU 0 10 49
Annex I Trading Annex | 90 151 225
Global Trading World 31 36 32

Carbon permit prices differ across regions when international permit trading is not permitted (Table
4). Annex 1 trading lowers permit prices for all Annex 1 regions except the EE/FSU, which is the
sole seller of permits. Global trading further lowers prices for Annex 1 regions, but raises permit
and energy prices for non-Annex 1 regions.

Terms of trade generally move against developing countries and in favor of industrial countries
when developing countries do not participate in international emissions trading. This is because
industrial countries’ costs increase, driving up the price of their exports, and their incomes and
import demand fall, driving down the price of their imports. This is the reason for the negative
welfare impacts on developing countries noted above. Some developing countries (e.g., China) can
offset these terms-of-trade losses with industrial countries because of their gains in terms of trade
with OPEC and ability to shift to production of energy-intensive goods where they have increased
comparative advantage over the industrial countries (see Table 5).

When non-Annex I countries do not participate in emissions trading, the shift of energy-intensive
industries, from baseline levels, out of Annex I countries into non-Annex I countries is significant.

Table 5 Terms of Trade under the Three Core Scenarios
(Percentage Change from Baseline)

No Trading Annex I Global No Trading Annex I Global
Region 2010 2010 2010 2020 2020 2020
USA 0.04% -0.14% -0.08% -0.03% -0.14% -0.10%
JPN 0.11 -0.05 -0.05 0.44 -0.01 -0.05
EUR 0.02 0.04 -0.05 0.07 0.07 -0.06
OOE 0.00 -0.08 -0.08 0.15 -0.09 -0.12
SEA -0.27 -0.10 0.08 -0.29 -0.15 0.11
OAS -0.14 0.04 0.09 -0.21 -0.02 0.09
CHI -0.19 -0.04 0.44 -0.28 -0.14 0.57
EE/FSU -0.44 1.71 0.27 -0.76 1.99 0.23
MPC -0.60 -0.44 0.10 -0.89 -0.69 0.05
ROW 0.28 0.22 0.13 0.13 0.18 0.08
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Table 6 Output from Energy-Intensive Industries in 2010 and 2020
(Percentage Change from Baseline)

No Trading Annex | Global No Trading Annex [ Global
Region 2010 2010 2010 2020 2020 2020
USA -7.87% -2.43% -0.59% -7.66% -3.62% -0.51%
JPN -1.06 0.10 0.18 -1.82 -0.15 0.15
EUR -0.17 0.50 0.44 -1.56 0.33 0.45
OOE -2.69 -0.32 0.35 -5.98 -1.04 0.50
SEA 4.69 2.01 0.07 4.21 2.55 -0.06
OAS 2.51 0.56 0.07 2.26 0.87 0.12
CHI 1.94 0.89 -0.57 2.01 1.32 -0.85
EE/FSU 5.87 -10.22 -2.98 6.42 -13.93 -2.78
MPC 4.67 2.51 -0.15 5.65 4.10 0.04
ROW 1.32 0.52 -0.04 1.53 0.89 0.03

Annex | emissions trading moderates the shift of industry by reducing production costs in most
Annex I countries. Interestingly, the U.S. and EE/FSU, the lowest-cost providers of permits, suffer
the greatest losses in their energy-intensive industries under Annex I trading. With global trading,
production from non-Annex I energy-intensive industries declines from the levels it reaches under
no trading and Annex I trading. For a subset of these countries and in certain time periods, some
EIS production relocates to Annex I countries as reported by the negative percentage changes in
Table 6. This occurs because the GTAP data show that many of the Non-OECD countries have the
least energy-efficient industries and, therefore, are the most vulnerable to a uniform, global increase
in energy costs (see Table 6).

Carbon leakage is also significant. It is connected with shifts in energy-intensive industries, reduced
energy efficiency, and fuel substitution due to lower fuel prices in developing countries (see Table
7). Leakage is affected very little by Annex I trading, because it arises mostly from differences in
energy prices between Annex 1 and non-Annex 1 countries. With Annex I trading, global emissions
also increase because of hot air sales by EE/FSU, increasing apparent leakage to developing
countries in percentage terms. Global trading, by definition, eliminates leakage because all regions
face emissions caps.

Table 8 illustrates that there is a direct relationship between the spillover effects as measured by
carbon leakage and the number of non-energy sectors included in the model. Dis-aggregating the
non-energy sectors allows for more heterogeneity among these sectors and hence more and better

Table 7 Carbon Leakage under No Trading and Annex I Trading Regimes
(Change in Non-Annex I Emissions Divided by Change in Annex I Emissions)

2010 2015 2020 2025 2030
No Trading 18 19 20 21 21
Annex I Trading 16 18 19 21 22
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Table 8 The Effect of Carbon Leakage under Different Aggregations
(2010 for No Trading and Annex I Trading Regimes)

Number of Non-Energy Sectors

Scenario 1 2 4
No Trading 16.2 17.9 19.3
Annex I Trading 15.1 15.8 16.5

opportunities for countries to shift production between energy-intensive industries and industries
that use little energy. As the number of non-energy sectors increases from one to two to four, the
ratio in energy-intensity for the U.S. among the non-energy sectors increases from one to 3.4 to 6.8,
respectively. Therefore, with more non-energy sectors, the Annex I countries have more incentive
to decrease production in their most energy-intensive industries and import these goods from non-
Annex I countries which now have a greater competitive advantage.

The results in Table 8 would be more dramatic if the Armington elasticities varied across the cases.
In theory, the Armington elasticities should be smaller with fewer sectors since goods are more
aggregated and hence poorer substitutes. As one moves to more sectors so that goods are closer
substitutes, the Armington elasticity should increase. Increasing the Armington elasticity as one
increases the number of non-energy sectors would magnify the difference among leakage rates from
those in Table 8.

Measures of Welfare

There are a number of alternative measures of economic impacts that appear in different studies:
change in consumers’ surplus measured by the equivalent variation, the discounted present value of
consumption (DPVC), GDP, and direct cost. In general, for an optimization model there is one
theoretically consistent measure, which is based on the value of the objective function maximized
in the model. In our model, this measure is the intertemporal equivalent variation.> If we had
implemented this model with an infinite horizon (difficult computationally), changes in welfare
could be taken directly from the value of the intertemporal utility function. Since we terminate the
model in 2030, we must add to the utility experienced during the period an adjustment that
represents the change in the value of the terminal capital stock that is left for future generations.
This adjustment makes our calculation of the infinite horizon welfare approximate, because to value
the terminal capital stock we need to employ some assumptions about how close the temporary
equilibrium in 2030 is to one on a balanced growth path.

The same issue about terminal capital stock applies to calculating the discounted present value of
consumption as a welfare measure. These considerations about the terminal capital stock are

5 For a discussion of how this welfare measure is computed in the MRT-MS, see Thomas F. Rutherford, "Constant Elasticity of
Substitution Functions: Some Hints and Useful Formulae," Notes prepared for GAMS General Equilibrium Workshop, held December
1995, in Boulder, Colorado; available from http://www.gams.com/solvers/mpsge/cesfun.htm. For a general discussion of this welfare
measure, see Hal Varian, Microeconomic Analysis, Third Edition, New York, 1992, pp. 160-171.
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important, because emissions limits produce large drops in investment (as high as 2.5 percent under
no trading in the U.S.), which imply very different capital stocks in 2030 in the baseline and the
policy cases. Agents buffer consumption during the shock period by reducing investment, and the
effects of this reduced investment on their future welfare need to be taken into account.

GDP, the other common measure, has classic index number problems, that in our model appear in
sensitivity of the results to choice of numeraire. GDP includes both consumption and investment,
so that over short periods of time GDP may increase due to a stimulus to investment even though
consumption falls. In addition, GDP is a measure of gross, not net, income, in the sense that it does
not account for depreciation of capital. When policies lead to large reductions in investment for a
sustained period of time, they lead to lower levels of capital stock and to reduced capital
consumption allowances (CCA). As a result, GDP falls because of both contemporaneous
reductions in investment and lower CCA. This effectively double-counts the reduction in
investment and produces a larger percentage reduction in GDP than in net national income. GDP
also fails to account for net interest payments on foreign debt, so that if a policy causes a significant
change in foreign debt, GDP will inaccurately measure the change in real income for residents of a
country.®

Finally, it is possible to produce an approximate measure of the direct cost of a policy by estimating
the area under the curve for the marginal cost of carbon abatement. This measure equals one-half
the carbon tax times the reduction in emissions plus the net receipts or payments for international
permits. Some models (e.g., the SGM) use this measure.’

The values of these different measures are provided in Table 9. GDP and “direct cost” are all annual
measures, while EV and discounted present value of consumption are present value measures.
Thus, we present GDP and “direct cost” for different years (2010 and 2020) and welfare and DPVC
as a single number. For welfare, DPVC, and GDP, the numbers report the percentage change from
baseline numbers whereas direct cost reports the cost in units of billions of 1995 U.S. dollars.?

Comparing these measures illuminates three critical issues. First, one measure can imply a country
benefit under a specific scenario while another measure implies a loss. Second, the measures can
produce different policy rankings for a specific region. Third, the magnitudes of these measures are
incomparable unless all of them are in the same units (see Table 10).

Table 9 points out the problems of reporting welfare measures that are not directly connected to the
model’s objective function. As mentioned, for our model, equivalent variation of welfare is the only
self-consistent welfare measure. In general, DPVC closely approximates welfare, but the sign
differs for ROW in the no trading and Annex I trading scenarios and for SEA under the Annex I
trading scenario. This inconsistency arises because of the difference between the implicit discount
rate (intertemporal rate of substitution) in the welfare function and the specified discount rate for
DPVC.

For Annex I countries, the direct cost is consistent with equivalent variation (welfare) both within
and across emissions trading scenarios. But this measure reveals little about the welfare of non-
Annex I countries because it leaves out the terms-of-trade effects that are responsible for spillover

6 William Nordhaus deserves the credit for this observation.

7 This measure is reported by the SGM and in the Administration’s economic analysis of the Kyoto Protocol. See "The Kyoto Protocol
and the President's Policies to Address Climate Change," Administration Economic Analysis, July 1998; and J.A. Edmonds, et al.,
"Return to 1990: The Cost of Mitigating United States Carbon Emissions in the Post-2000 Period," October 1997.

8 Costs are reported as negative numbers.
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Table 9 Comparison of All Four Welfare Measures for Selected Regions

Welfare DPVC Direct Cost GDP

2010 2020 2010 2020
No Trading (%) (%) (Billions of U.S. $s) (%) (%)
USA -0.56% -0.41% -$45.20 -$43.55 -1.88% -2.33%
SEA -0.18 -0.03 NA NA 0.51 0.01
CHI 0.34 0.59 NA NA 0.64 0.21
MPC -1.39 -1.65 NA NA -0.99 -1.60
ROW -0.10 0.10 NA NA 0.71 0.17
Annex I
USA -0.36 -0.31 -36.39 -57.53 -0.91 -1.27
SEA -0.04 0.04 NA NA 0.47 0.50
CHI 0.22 0.33 NA NA 0.53 0.60
MPC -1.15 -1.45 NA NA -0.64 -0.91
ROW -0.08 0.01 NA NA 0.60 0.60
Global
USA -0.14 -0.14 -15.41 -21.91 -0.29 -0.33
SEA 0.25 0.36 1.33 2.63 0.06 0.02
CHI 0.34 0.52 4.55 13.58 -0.17 -0.07
MPC -0.36 -0.42 1.40 3.02 -0.45 -0.48
ROW 0.03 0.08 2.42 5.02 0.06 0.04

effects. Furthermore, under global trading, direct cost reports a gain for MPC, but MPC experiences
a loss in welfare due to the fall in world oil prices.

Comparing GDP results among countries or across scenarios may not present a clear picture of
whether one country does better compared to another, or whether a particular scenario is beneficial
for a country because the change in GDP may be positive in one period but negative in the next.
Also, to compute GDP, one needs a numeraire; there is no theoretically correct choice for this.
Therefore, depending on the choice of numeraire, one arrives at different results for GDP. This leads
to some of the inconsistencies when comparing impacts on CHI across scenarios. Using GDP as
the welfare measure, CHI is better off under no trading and Annex I trading than under global
trading, whereas EV (welfare) implies the opposite conclusion. This problem arises when
comparing results for many of the non-Annex I, non-energy exporting regions and is due to the large
changes in investment that increase GDP in some countries for a period of time at the expense of
consumption.

Table 10 Comparison of Four Welfare Measures for the U.S.
(Percentage Change from Baseline — Cumulative and Discounted to 2000)

Scenario EV (Welfare) DPVC Direct Cost GDP
No Trading -0.56% -0.41% -0.19% -1.31%
Annex I Trading -0.36 -0.31 -0.07 -0.75
Global Trading -0.14 -0.11 -0.01 -0.18
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The magnitudes of the welfare measures as reported in Table 9 are not directly comparable. GDP
and direct cost are annual measures, whereas EV welfare and DPVC measure the discounted present
value of impact over a horizon. Furthermore, the units of direct cost are dollars. To eliminate these
differences, we computed the discounted PV of the direct cost and GDP for the scenarios over the
full time horizon. Then, to compute the percentage change from baseline, these are divided by the
DPV of the baseline GDP (see Table 10). The EV Welfare still differs from the other measures since
it approximates the impacts over the infinite horizon rather than the model’s 30-year horizon.

The GDP measure shows the largest impacts, partly because of the double counting of investment
impacts noted above. Direct cost shows the smallest impacts since it leaves out effects on
investment, terms of trade, and other general equilibrium effects, and also because it is not based on
the compensated demand curve required theoretically to approximate consumer surplus. Welfare
and DPVC are close, with slight differences caused by discrepancies between the discount rate
assumed in calculating the DPVC and the internal discount rate used in the welfare calculation. The
EV welfare measure could be closer to GDP if its denominator were limited to welfare during the
model horizon, rather than the infinite horizon.

Restricted Trading Cases

The Kyoto Protocol did not reconcile the positions of the U.S. and other Annex I nations on
emissions permit trading. Three unresolved issues are especially important: 1) the extent to which
a country may satisfy its obligation through permit purchases, 2) the amount of paper tons or permits
for “hot air”® EE/FSU countries will be allotted, and 3) how market power will be exercised. Two
other questions also arise: What will be the economic impacts of restricting the sales of emissions
permits, and what will be the potential benefits to the Annex I countries of instituting the CDM?

To address the first three issues, we consider several different Annex I trading regimes. First, we
consider three regimes in which Annex I regions are limited in how many permits they can purchase.
Proponents of restricted emissions trading cite the Kyoto Protocol language that trading should be
“supplementary” to domestic efforts in support of these limits. The EU and several of its member
countries have proposed that a “concrete ceiling” be imposed on the percentage of a country’s
emissions obligation that may be satisfied through the purchase of emissions permits. These
countries have suggested a limit of 50 percent or less. In addition, some have advocated a system
of buyer liability that would so burden buyers of permits with potential liabilities that only the most
attractive trades would have any likelihood of being accomplished.

In our scenarios, the limits are set at 10 percent, 30 percent, and 50 percent of each country’s
obligation. A country’s obligation is defined to be the difference between its baseline emissions and
its target under the Kyoto Protocol. Since the limits are placed only on the demand side, countries
can sell as many permits as they like but are restricted by how much of their commitment they can
satisfy through the purchase of permits. We also consider a case in which a 50 percent limit exists
under a global trading system, since it is under global trading that our benchmark results suggest
that the U.S. would want to purchase more permits than this limit would allow.

9 This positive difference between the EE/FSU’s Kyoto emissions targets and its actual forecasted emissions is referred to as "hot air"
or "paper tons." Because the EE/FSU’s economy has been in a decline since 1990, its carbon emissions are forecasted to be below its
1990 emissions level until somewhere in the 2020 to 2025 time period.
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Table 11 EE/FSU’s Carbon EmissionsTargets
(Millions of Metric Tons)

2000 2005 2010 2015 2020 2025 2030

Baseline 870 940 1,023 1,094 1,174 1,267 1,371
Kyoto Target N/A N/A 1,240 1,240 1,240 1,240 1,240
Hot Air N/A N/A 217 146 66 0 0

No Hot Air N/A N/A 1,023 1,094 1,174 1,240 1,240

Second, we consider the impacts of prohibiting the EE/FSU region from selling its “hot air.” Russia,
and possibly some of the former Soviet Republics and other Eastern European countries, will clearly
be the least-cost suppliers of permits in an Annex I trading system in 2010. Because its economic
collapse has reduced current emissions to levels well below its 1990 baseline, Russia’s emissions in
2010 are projected to be about 20 percent below its Kyoto target.'”

Most of the members of the EU, and many developing countries, are opposed to a system that allows
Russia to sell its hot air, arguing correctly that hot air sales would raise total world emissions above
the levels they would reach without such sales'!. Table 11 helps illustrate the concept of hot air.
The line titled “Baseline” shows that, until 2020, EE/FSU’s emissions are below its Kyoto target of
1990 emissions levels (“Kyoto Target” line). This gap between the region’s Baseline emissions and
its target (line titled “Kyoto Target”) is referred to as “hot air.” In 2010, the EE/FSU is forecasted
to have about 220 million metric paper tons. In the No Hot Air case, EE/FSU is restricted from
selling their paper tons of carbon. Under this case, EE/FSU’s emissions target is denoted by the “No
Hot Air” line, which equals the smaller of EE/FSU’s business-as-usual emissions or its Kyoto target
of the1990 emissions level. Therefore, under the Annex I trading regime, the emissions cap for the
entire Annex I bloc is lower under the No Hot Air case than under the other cases.

Third, we address the issue of market power. As the only net seller of permits under a trading
system limited to Annex I countries, Russia would be in a position to restrict output and charge
monopoly prices for its emissions permits. We consider one scenario in which EE/FSU is able to
exercise some market power. We also describe a method for estimating the output restriction that
would maximize benefits to EE/FSU and the resulting prices. This case is intended to provide an
illustration of how monopoly power could be exercised if Eastern Europe and the FSU maximize
profits jointly.

Fourth, we consider other restrictions on sales. We analyze a case where countries are allowed to
sell only 30 percent of the permits that they would sell under unrestricted Annex I trading. This case
is designed to examine whether proposed restrictions on sales would achieve the same result as
exercise of monopoly power, and whether restrictions on sales could produce worse outcomes than
unilateral exercise of monopoly power.

Finally, we examine how closely the CDM approximates the benefits of full global trading. CDM
is designed to support projects to reduce emissions from developing countries, with funding from
industrial countries that would receive emission credits. We limit permit sales from each of the non-
Annex I regions to 15 percent of their total permit sales under full global trading. This differs from

10 U.S. Department of Energy, International Energy Outlook, 1998.

! This assumes no banking of carbon emissions by EE/FSU.
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full global trading because it leaves most of the price differentials between Annex I and non-Annex
I countries in place.

Modeling of Restricted Trading Cases

To model restricted trading in the framework of complete markets, one needs to create markets for
import and export quota coupons in addition to markets for permits. The permit is a normal traded
good, subject to a nontradable quota. These coupons must be used when either importing or
exporting emissions permits. In the case of unrestricted permit trading, every region is endowed
with an excess of quota coupons so that the price of coupons is zero. In the restricted trading cases,
however, each region that is a member of the trading bloc is endowed with a fixed number of quota
coupons equal to the limit of its restriction. For example, if the final version of the Protocol were
to limit each Annex I country’s permit purchases to 30 percent of its obligation, then each country
would be given quota coupons equal to 30 percent of its obligation. Restricting permit sales works
the same way except, now, sellers must use quota coupons to vend permits.

Under the CDM case, the non-Annex I countries are allowed to sell 15 percent of their permits that
they would have sold under the unrestricted global trading case. This is a modeling convenience
and could not be implemented in reality. But this case serves to estimate the effect of implementing
the CDM in a way that would allow non-Annex I countries to participate in the process of reducing
global emissions, but with costs and restrictions that render 85 percent of the trades possible under
global trade no longer economic. To model this proxy for the CDM, the non-Annex I countries are
endowed with quota coupons equal to 15 percent of their emissions permit sales under unrestricted
global trading. There are no restrictions on permit trading among Annex I regions.

By treating limits on purchases and sales of emissions permits as, respectively, import and export
quotas, the international price of permits is set by the holder of the quota coupons. Therefore, when
purchases are restricted, the international price is determined by the market supply curve for
permits; but when the sales are limited, the international price is determined by the market demand
curve for permits.

Modeling Russian Exercise of Monopoly Power

Because EE/FSU is the sole seller under Annex I trading, the potential arises for this group of
countries to exercise market power. To estimate the possible effects of this event, we allow the
EE/FSU to maximize its welfare by selling permits above competitive price levels. In the MS-MRT
model, a markup is added to the EE/FSU’s domestic price of permits, much like an export tariff.
Other Annex I regions pay the EE/FSU this marked-up price. The markup drives a wedge between
the price received by sellers of permits in Russia and the price received by Russia on the
international market. The markup thus reduces the EE/FSU’s incentive to sell permits and
(consistent with standard trade theory) has the same effect as a quota on the sales of permits (see
Figure 5).

To analyze whether the EE/FSU could benefit from acting as a monopolist, we imposed different
markups on the price of permits offered for sale by the EE/FSU. This treatment is similar to letting
a country charge a tariff where the country captures all the revenues from the levy. In order to
determine the optimal tariff (the one that maximizes EE/FSU’s welfare), we investigated several
markup formulas. Intuitively, the optimal tariff should decline over time as the EE/FSU’s baseline
emissions increase relative to its target and the difference between the OECD’s marginal cost of
abatement and that of the EE/FSU decreases. From the tariffs tried, the following markup schedule
yielded the greatest welfare gains for EE/FSU: 180% in 2010 declining to 18% in 2030.
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Figure 5 Optimal Permit Price Markup in 2010 for EE/FSU
(Percentage Increase from EE/FSU’s Domestic Price)
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Modeling of No Hot Air

In this scenario, EE/FSU is prohibited from selling permits that are the result of hot air.
Equivalently, EE/FSU’s emissions target becomes the lesser of its baseline emissions and its Kyoto
target. For the period 2010 to 2020, EE/FSU’s new emissions target equals its baseline emissions.
After 2020, its target reverts back to its assigned target under the Kyoto Protocol — its 1990
emissions level (see Line titled “No Hot Air” in Table 11).

Results for Restricted Trading Cases

This section reports results for three different sets of restrictions. First, restrictions on Annex I
trading are compared to the case of unrestricted Annex I trading. Second, the effect of EE/FSU
exercising market power and restricting permit sales is examined. Third, the impacts of imposing
trade restrictions under the global trading regime are studied.

Restricted Annex I Trading Scenarios

This section presents the results from the five Annex I restricted trading scenarios. These results are
compared to the unrestricted Annex I trading scenario. Trading is restricted in three different ways:
purchases, sales, and allowable permits. Three scenarios that limit purchases are considered. The
limits are set at 10 percent, 30 percent, and 50 percent of each country’s obligation. These scenarios
are named, respectively, Annex I-10B, Annex [-30B, and Annex I-50B. One scenario (Annex I-30S)
considers limits on sales where Annex I countries are allowed to sell only 30 percent of the permits
that are assigned to them which equals 30 percent of their Kyoto targets. Finally, in the policy “No
Hot Air,” we consider the impacts of prohibiting the EE/FSU region from selling its “hot air.”

Table 12 displays the range in welfare impacts under the different trading regimes. For the OECD
countries, unrestricted Annex I trading is better than either the Annex I-10B, Annex 1-30S, or No
Hot Air scenarios. Depending on the region’s marginal cost of abatement, its welfare under Anne
I-30B (USA, OOE) or Annex I-50B (EUR) exceeds that in the unrestricted Annex I scenario. While
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Table 12 EV Welfare for all Regions under Different Annex I Trading Regimes
(Percentage Change from Baseline)

Annex I Annex I-10B  Annex I-30B  Annex I-50B Annex 1-30S No Hot Air

USA -0.36% -0.43% -0.34% -0.35% -0.43% -0.39%
JPN -0.23 -0.52 -0.31 -0.24 -0.30 -0.24
EUR -0.25 -0.33 -0.25 -0.24 -0.30 -0.25
OOE -0.76 -0.78 -0.71 -0.75 -0.80 -0.82
SEA -0.04 -0.13 -0.07 -0.05 -0.08 -0.02
OAS -0.01 -0.08 -0.05 -0.02 -0.05 0.03
CHI 0.22 0.31 0.25 0.22 0.23 0.26
EE/FSU 4.44 0.05 2.18 4.18 4.57 4.27
MPC -1.15 -1.26 -1.17 -1.15 -1.13 -1.23
ROW -0.08 -0.08 -0.08 -0.08 -0.08 -0.06

limited trading is better for the United States than no trading, a system of unrestricted trading is not
necessarily the best regime for the U.S. In fact, the optimum policy for the U.S. would be one that
limits the purchase of emissions permits by countries with higher marginal costs of abatement than
the U.S. without restricting U.S. purchases of permits. Other countries, that more urgently need
permits, would not be allowed to bid up their price, while the U.S. would gain more from lower
prices on the permits it buys than it loses on restricting emissions. Out of the Annex I trading
regimes considered, Annex I-30B best matches this requirement. Obviously, this result is very
sensitive to assumptions about baselines and a variety of elasticities and other parameters, and
should not be taken as a strong guide to policy.

Table 13 helps explain the relationship of U.S. GDP losses under the unrestricted, 10 percent limit,
30 percent limit, and 50 percent limit cases. The 10 percent limit case is the worst for the United
States because, under unrestricted trade, the U.S. always wants to satisfy more than 10 percent of
its obligation through permit purchases (55 percent in 2010 declining to 22 percent in 2030). Thus,
a 10 percent limit restricts U.S. permit purchases and leads to GDP losses close to those in the no-
trade case.

At the other end, in the unrestricted case, the United States only satisfies more than 50 percent of

its obligation through permit purchases in 2010; therefore, a 50 percent limit places little restriction

Table 13 U.S. GDP under Different Annex I Trading Regimes
(Percentage Change from Baseline)

Scenario 2000 2010 2020 2030
Annex | -0.1% -0.8% -1.1% -1.4%
Annex I-50B -0.1 -0.9 -1.1 -14
Annex I-30B -0.1 -1.2 -1.2 -1.2
Annex I-10B -0.1 -1.6 -1.7 -1.6
Annex 1-30S -0.1 -1.1 -14 -1.6
No Hot Air -0.1 -1.1 -1.2 -1.4
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Table 14 International and U.S. Domestic Price of Carbon Permits
(1995 U.S. Dollars per Metric Ton)

Scenario International Permit Price U.S. Domestic Permit Price

($ per Metric Ton) ($ per Metric Ton)

2010 2020 2030 2010 2020 2030
Annex I $90 $151 $225 $90 $151 $225
Annex I-50B 72 150 225 104 150 225
Annex I-30B 27 95 201 159 178 201
Annex I-10B 0 33 89 230 263 293
Annex 1-30S 123 193 275 123 193 275
No Hot Air 130 164 227 130 164 227

on the U.S. and only limits the purchase of permits by other Annex I regions. As a result, the demand
for permits declines and the price drops relative to the regime of unrestricted Annex I trading.
Therefore, the permit price to the U.S. under the 50 percent case is always less than or equal to the
price under the unrestricted case (see Tables 14).

Applying this analysis to the 30 percent case explains why, after 2015, the minimum weighted-
average permit price!? for the United States occurs under the 30 percent limit case. After 2015, this
case places no restrictions on the U.S.’s purchase of permits. But it does limit Europe and the OECD
regions from purchasing as many permits as they would like; hence, they do not bid up the price of
permits as high as in the 50 percent case. In the 30 percent case, the EE/FSU sells fewer permits
and, hence, their marginal cost of abatement is lower than in the 50 percent case. Consequently, after
2015 the U.S. pays the least for emissions permits under the 30 percent limit case — less even than
under the 50 percent case, because the demand for permits by other Annex I countries is restricted
while the U.S. demand is unaffected. This translates directly into less GDP loss for the United States
under the 30 percent case than under any of the other Annex I trading cases.

Currently, the U.S. government is advocating unrestricted emissions trading while many European
countries are calling for at least 50 percent of emissions reductions to be achieved through domestic
actions. Interestingly, the above results show that the United States and the EU would stand to
benefit most from what the other wants: the U.S. would experience smaller GDP losses with limited
trading, while the EU would benefit more from unrestricted trading.

Restricting the EE/FSU’s sale of hot air reduces the pool of emissions permits in the years 2010 to
2020. Therefore, the price of permits under this case is higher during that period than under the
unrestricted case. After 2020, the EE/FSU has no more hot air, and the pool of emissions permits is
identical under the no hot air and unrestricted cases. This leads to nearly identical carbon permit
prices and GDP losses.

12" The Annex B weighted average permit price equals the price of international permits times the number of international permits
purchased plus the price of domestic permits times the number of domestic permits purchased all divided by the total number of permits
purchased.
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Table 15 Welfare Differences under Different Elasticity Assumptions
(Percent Change in Welfare in the Annex I Case Less That in Annex I-10B Case)

Region High Arm- High Arm- Low Arm-

Low Esub Med. Esub High-Esub
USA 0.092% 0.068% -0.025%
JPN 0.291 0.287 0.236
EUR 0.072 0.083 0.053
OOE 0.003 0.024 0.048
SEA 0.095 0.082 0.070
OAS 0.080 0.066 0.029
CHI -0.104 -0.091 -0.066
EE/FSU 4.890 4.389 4.265
MPC 0.081 0.118 0.266
ROW -0.019 0.000 0.030

Sensitivity Analysis of Results to Assumptions about Elasticity Values

To determine the robustness of the results about the benefits of unrestricted trading over restricted
trading, we varied the values of the Armington (Arm) elasticities and the elasticity between energy
and value-added (Esub) in the production and consumption nests. Raising the value of the
Armington elasticity reduces the magnitude of price changes needed to induce countries to
substitute between domestically produced goods and imports. In general, higher values of
Armington elasticities will allow non-Annex I countries to capture more export markets and will
cause Annex I countries to lose market share in the export markets in the presence of carbon
abatement policies. Raising the value of Esub makes it easier for producers and consumers to
substitute energy for non-energy in production and consumption, respectively. Table 15 presents the
difference in the percentage change in welfare between the unrestricted Annex I trading scenario
and the 10 percent permit purchase restricted Annex I trading scenario under different elasticity
assumptions.

Under the Low Arm-High Esub case, the U.S. is actually better off if permit purchases are restricted
to 10 percent of a country’s obligation rather than being unrestricted. These results occur because
of the shape of the U.S.’s marginal cost curve relative to that of the OECD’s aggregate marginal cost
curve and the EE/FSU’s supply curve. Under the other elasticity assumptions, the expected result
that restricted trading hurts the U.S. appears. This sensitivity analysis emphasizes the importance
of particular elasticity values in evaluating restricted trading regimes.

Russian Exercise of Monopoly Power

To analyze Russia’s ability to exercise monopoly power, we run the global model repeatedly with
different markups and then choose the markup under which Russia’s welfare is maximized. Table
16 reports this markup and the carbon prices under this markup schedule. For comparison, Table
16 also states the international carbon price in the competitive Annex I trading scenario. The size
of the markup (or export tariff) determines the restriction on Russian sales. As the markup decreases
over time, EE/FSU sells more permits (see Figure 5 and Table 16).
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Table 16 Permit Price under Monopolistic and Competitive Annex I Trading

2010 2015 2020 2025 2030

International Permit Price - Monopoly ($/tonne) 129 150 172 195 239
EE/FSU Domestic Permit Price ($/tonne) 46 79 119 160 202
International Carbon Price — Competitive Market ($/tonne) 90 119 151 182 225
Mark-up (%) 180 90 45 23 18

In 2010, the optimal markup is about 180 percent (see Figure 5), implying that it could be in
Russia’s interest to restrict sales by as much as 150 million metric tons (see Figure 6) and raise
prices by $39 per metric ton above competitive levels (rising from $90 to $129 per tonne). Permit
prices in Russia would be driven down to $46 per tonne (see Table 16). Given the assumptions
underlying the MS-MRT model, the demand curve for permits is relatively flat at this point, so that
EE/FSU must restrict output considerably in order to raise prices.

In this calculation, Russia is a very sophisticated monopolist, taking into account not only the
normal calculation of a price that maximizes revenue given demand elasticities, but the effects of
higher permit prices on economic performance of Russia’s trading partners and the resulting
feedback effects on Russia. This is the same sophistication that analysts speculated that Saudi
Arabia showed during the 1970s in moderating oil price increases.

We also carried out a partial equilibrium analysis by using repeated model runs to construct a supply
curve for permits from Russia and a demand curve for permits in the rest of the Annex I. The
monopoly solution is where marginal revenue equals the supply curve. Figure 7 shows that this
partial equilibrium analysis predicts higher prices in both the competitive and monopoly cases for
Annex I trading than does the general equilibrium analysis, but the output restriction and price
increase are about the same.

Figure 6 EE/FSU Permit Sales under Monopoly and Competitive Market Scenarios
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Figure 7 Partial Equilibrium Model of Permit Price under Monopoly and Competitive Market Cases
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In both the monopoly and competitive cases, EE/FSU would sell considerably more permits than its
endowment of “hot air.” Its high ratio of energy consumption per dollar of output makes EE/FSU
the lowest-cost supplier of permits until it has achieved a significant reduction in emissions below
baseline levels.

Comparison of Annex I Restricted Sales Scenarios: Monopoly vs. Annex I-30S

Under the 30 percent restricted sales case, the international permit price is higher after 2010 than in
the monopoly case (see Tables 14 and Table 16, respectively). But the EE/FSU region sells fewer
permits and receives less revenue than if its sales are unrestricted and it can exercise market power.
Under the monopoly case, the EE/FSU chooses the permit selling price so as to maximize its
welfare, which is basically the same as maximizing its revenues from the sale of permits.

The higher permit price harms the OECD countries’ economies. This negative income effect on
Annex I countries spills over to non-Annex I countries and causes their welfare to be lower under
the 30 percent case than the monopoly case. Compared to the case where EE/FSU exercises
monopoly power, welfare for all countries is lower under the 30 percent restricted sales case.

Comparison of Global Trading Scenarios

This section compares the difference in welfare impacts, domestic carbon permit prices, and U.S.
GDP for the following three global trade scenarios: Unrestricted global trading (global), permit
purchase-restricted global trade (global-50B), and global trade under a CDM (global-CDM). Under
the global-50B case, all regions are prohibited from satisfying more than 50 percent of their
obligation through permit purchases. Under the CDM case, the non-Annex I countries are allowed
to sell 15 percent of their permits that they would have sold under the unrestricted global trading
case. There are no restrictions on permit trade among Annex I regions.

Since, under unrestricted global trading, the U.S. would be purchasing over 80 percent of its 2010

obligation on the international permit market in all years, the 50 percent purchase limit is binding
on the U.S. as well as other Annex 1 regions under global trading. This is seen in the regional permit
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Table 17 Domestic Permit Price under the Different Global Trading Regimes
(1995 U.S. Dollars Per Tonne)

Unrestricted Global 50% Purchase Limit CDM - 15% Sales Limit

Region 2010 2030 2010 2030 2010 2030
USA $31 $32 $102  $112 $79 $181
JPN 31 32 117 224 79 181
EUR 31 32 85 134 79 181
OOE 31 32 90 132 79 181
SEA 31 32 13 19 0 2
OAS 31 32 13 19 0 3
CHI 31 32 13 19 3 5
EE/FSU 31 32 13 26 79 181
MPC 31 32 13 19 1 5
ROW 31 32 13 19 0 5

prices shown in Table 17. U.S. GDP losses are much larger in the 50 percent limit case than in the
unrestricted global trading case. These results show that EU proposals for limiting purchases of
permits would negate many of the benefits of U.S. efforts to bring developing countries into the
trading system.

All OECD countries are better off under global and global-50B than global-CDM because more
permits are available, the international price of permits is lower, and the domestic permit prices are
lower after 2010 (see Tables 17 and 18). The global-50B scenario essentially limits the non-Annex
I countries’ permit sales by 50 percent; whereas, the global-CDM limits their sales by 85 percent.
These limits on non-Annex I sales affect the EE/FSU’s welfare in the opposite direction as that of
the OECD countries. EE/FSU benefits more under scenarios that limit the sale of low-cost permits
from other parties. Consequently, EE/FSU experiences the largest welfare gains under Annex I
trading (100 percent limit on non-Annex I sales) since all non-Annex I regions are excluded from
selling permits. Therefore, the EE/FSU countries and the OECD countries desire vastly different
trading regimes. This will further impede the U.S. efforts to expand emissions trading to non-Annex
I countries.

Table 18 Welfare for the Three Global Trading Scenarios
(Percentage Change from Baseline)

Region Global Global-50B  Global-CDM Annex [
uU.S. -0.14 -0.13 -0.32 -0.36%
Japan -0.03 -0.11 -0.18 -0.23
EU 15 -0.05 -0.09 -0.20 -0.25
O-OECD -0.30 -0.35 -0.67 -0.76
S.E. Asia 0.25 0.09 0.06 -0.04
O-Asia 0.19 0.08 0.09 -0.01
CHN & IDI 0.34 0.21 0.55 0.22
EE/FSU 0.48 -0.04 3.47 4.44
M-OPEC -0.36 -0.62 -0.92 -1.15
ROW 0.03 -0.02 0.01 -0.08
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Table 19 Percentage Change in U.S. GDP

Scenario 2000 2010 2020 2030
Global -0.1% -0.3% -0.3% -0.3%
Global-50B -0.2 -0.8 -1.0 -1.0
Global-CDM -0.2 -0.8 -1.1 -1.3
Annex | -0.2 -0.9 -1.3 -1.5

The CDM does little to improve the welfare of Annex I regions above the level they reach under
unrestricted Annex I trading because the CDM greatly restricts permit trade. Under unrestricted
global trading, non-Annex I regions account for 59 and 99 percent of permit sales in 2010 and 2030,
respectively; however, under the global-CDM scenario, non-Annex I regions account for only 12
and 32 percent of permit sales in 2010 and 2030, respectively. This equates to loss in permits of
380 million and 1,230 billion metric tons in 2010 and 2030, respectively.

For most regions, the change in welfare under the Global-CDM scenario is close to that in the
unrestricted Annex I trading scenario (see Table 18). Furthermore for the U.S., its GDP is only one-
tenth to two-tenths of a percentage point better under the CDM scenario.

Although the EMF scenario is only an example of how the limited possibilities of the CDM could
work out, it captures some real problems with the CDM. Many layers of approval are likely to be
required for any project. These could include the host country government, the sponsoring country
government, the private party in the host country, the private party planning the investment in the
sponsoring country, and the CDM bureaucracy. A requirement contained in the language of the
Kyoto Protocol that appears to encourage spreading investment across all non-Annex I countries
could make it impossible to allocate investment where it would achieve the largest or most cost-
effective emissions reductions. Project content restrictions (such as discouragement of nuclear
power or encouragement of unrelated social objectives) are possible given the sentiments expressed
on these topics throughout both the Kyoto negotiating process and the earlier IPCC process.
Language suggesting that projects approved under the CDM should supplement baseline activities
may lead to large administrative costs to justify the difference a project will make; it may also cause
adjustment of credits for reductions included in the baseline. A tax on projects for administrative
costs and the adaptation fund will be collected by the CDM, creating the equivalent of a tax wedge
between the selling price and buying price of permits.

The CDM is seen by some as providing a form of partial global emissions trading, so that its
adoption might lead to an outcome between Annex I and full global trading. Given its restrictions,
extensive bureaucracy, and other potential pitfalls, however, the CDM in its current manifestation
differs greatly from agreements to abide by emissions caps and participation in international
emissions trading.

Conclusion
Several broad observations about effects of restrictions on trading emerge from our analysis. The

first is that emissions trading has significant potential to improve welfare for all parties, and the
broader and less restricted trading is, the greater is that potential.
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The second is that developing countries will not escape costs, even if they do not participate in
emissions trading because changes in the terms of trade shift some of the cost of Annex I-only
emissions reductions onto developing countries. In general, less restricted trading has the potential
to benefit developing countries. In our results, developing countries are potentially better off under
global trading than under no trading and in general they are better off under Annex I trading than
under no trading. Achieving this potential will require delicate negotiations about the initial
allocation of permits — the cap assigned to developing countries.

In general, restricting emissions trade reduces global welfare, but within that global total some
countries gain and some lose from restrictions. In many cases, the countries advocating restrictions
are those most harmed by them. How impacts are distributed depends strongly on assumptions
about baselines and elasticities, suggesting that distributional issues are likely to remain contentious.

Exercise of market power is clearly possible under policies like Annex I trading that create markets
with a single seller, but our estimates suggest that it is easy to choose policies that are worse than
the exercise of market power. For example, prohibiting sales of hot air would restrict sales and raise
permit prices higher than it would ever be in the interest of Russia acting as a monopolist. Choosing
not to interfere with the possibility of market power may be better for the world than capping the
sales of permits.

In terms of restrictions on trading that includes developing countries, CDM would provide small
benefits relative to global trading, if its operations are subject to constraints now under discussion.
Limits on purchases of permits by Annex 1 countries would largely eliminate benefits the U.S. could
achieve by extending permit trading to developing countries.

Finally, Annex 1 trading does not significantly reduce leakage. Full global trading is required to
prevent increases in emissions in non-participating countries.
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Discussion

Snorre Kverndokk

The paper by Bernstein et al. (1999) presents economic impacts of the Kyoto agreement using a
dynamic general equilibrium model (MS-MRT model). The model is a multi-sector, multi-region
trade model, and simulations are run for the period 2000-2030. The focus of the model is the effects
of emission permit trading, and three different regimes are studied. In the first regime, there is no
trading, while trading only among Annex 1 countries is allowed in the second regime. Finally, in the
third regime, full global trading is allowed. Impacts on such variables as economic welfare,
international trade and investments across regions, the spillover effects of carbon emission limits in
Annex 1 countries on non-Annex 1 countries, carbon leakage, changes in terms of trade and industry
output are studied under the different regimes. The results are well documented, and sensitivity
analyses are made to test the robustness of the results.

The paper analyses a very important question, namely the impacts of the Kyoto agreement. This is
an important task as it provides useful background information for the forthcoming negotiations,
both for the final framing of the Kyoto agreement, and also for the discussions of an agreement after
the Kyoto period of 2008-2012. However, one question the reader asks himself when studying a
model simulation of the Kyoto agreement is what does this paper tell me that I have not read
somewhere else? What is new in this study, and does the model provide some new insight?
Unfortunately the authors do not help us very much in answering these questions. They do not refer
to similar analyses, or compare their results. Over the last year or so, several modellers around the
world have made simulations of the Kyoto agreement on their national, regional or global models,
and some of these papers will be published in a forthcoming number of the Energy Journal. What
I think is the main contribution of this study is that the model is both dynamic, and also rich in
sectoral and regional specification. Besides this, trade with several goods is modelled. Thus, the
model covers several important aspects at the same time, maybe more than other global models, and
I therefore think that it makes an important contribution to study the impacts of the Kyoto
agreement. In the following, I will not comment so much on the specific results, but focus on
subjects that I feel is important, is a bit unclear or maybe not satisfactory studied by the analysis.

One reason to have a dynamic model is the fossil fuel markets. The aspects of non-renewable goods
require a dynamic model. This is especially important when analysing climate treaties, as about 75
per cent of CO, emissions are due to the combustion of fossil fuels. However, fossil fuels are not
fully modelled as non-renewable resources as the depletion effects are ignored. This leaves out the
question of the rational distribution of production over time. Another important question is strategic
type of the markets. As far as I understand, perfect competition is assumed in all markets, also the
oil market. But imperfect competition is a characteristic of the oil market. As documented in Berg
et al. (1997), whether there is perfect or imperfect competition in the oil market have large impacts
on the effects of a climate treaty, for instance the effects on the oil price. With imperfect competition
(OPEC as a cartel), the producer price of oil is not much affected the first years after an agreement
has come into force, and the carbon leakage may therefore also be minor. The significant leakage in
Bernstein et al. in the scenario with no international permit trading may, therefore, partly be
explained by perfect competition in the oil market.
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Even if the model has a high number of sectors, one important sector is not modelled, namely
forestry. Land use changes are included in the Kyoto protocol, which makes this sector interesting
in an analysis like this. A national CGE model where emissions from the use of timber and carbon
accumulation in the forest are taken into account, thus calculating net emissions, is Pohjola (1999).
If net emissions are taxed, Pohjola (1999) finds that the carbon tax needed to reduce net emissions
by the same amount as emissions from fossil fuels is significantly lower.

International trade is an important aspect of the model. However, the paper could focus more on
how international trade can reduce economic costs of a climate treaty, especially when permit
trading is not allowed. One example is electricity trade. Electricity is produced using a number of
production technologies, and the amount of carbon emissions per unit of electricity varies a lot
between the technologies. One example is electricity trade in Scandinavia, where electricity in
Norway is based on hydropower, while it is mainly based on coal in Denmark. Norway can increase
its production of hydropower without increasing CO, emissions. If Denmark imports electricity
from Norway, Danish emissions will be reduced. Thus, as demonstrated in Hauch (1999), if national
emission targets are imposed, Danish emissions can be reduced at a lower cost if electricity is traded
compared to a situation with no trade. Electricity trade can actually work as a substitute to permit
trading and equalise marginal abatement costs. Natural gas is another good that may help equalising
marginal abatement cost via international trade.

The model includes a backstop technology, which sets an upper limit on the price of fossil fuels.
That the backstop technology is important for future carbon emissions is demonstrated in, e.g.,
Chakravorty et al. (1997). As far as I understand, the technological change in the backstop
technology is exogenous in the model. However, there is a possibility that a carbon treaty speeds up
research and development for alternative energy resources, and therefore, reduces the costs of future
abatement. This is an important subject, and I hope to take a further look at this issue in the near
future.

The paper calculates the welfare impacts under alternative trading arrangements. The welfare
concept in this analysis does not include environmental impacts. Personally, I do not like to use the
word welfare when environmental impacts are not included, as the main reason for reducing
emissions is the well being or welfare of people. Environmental impacts can include both primary
and secondary benefits. As demonstrated by several CGE models, the secondary benefits from
greenhouse gas abatement may actually outweigh the abatement costs, see, e.g., Ekins (1996). One
interesting aspect is the feedback from the environment to the economy. A few CGE models have
incorporated this. One example is Glomsrgd et al. (1998) that studies the impacts of traffic injuries
on labour supply and public health expenditures in a CGE model for Norway. A carbon tax reduces
the fossil fuel use and thus the traffic volume, leading to fewer accidents and increased labour

supply.

One of the permit trading regimes in the paper is global permit trading. However, it is a bit hard to
see from the paper how this actually is specified, and also how the emission targets are specified
after 2010. It would help the reader if graphs showing carbon emissions were included. How this
regime is specified is important. One of the flexible mechanisms in the Kyoto protocol is the Clean
Development Mechanism (CDM). This may be interpreted as a kind of global permit emission
trading. However, this mechanism may lead to higher global emissions as it gives the non-Annex 1
countries an incentive to delay investments as Annex 1 countries may pay for the investments in a
future period. One of the conclusions in the paper is that global permit trading is worse for China
and India than no permit trading, which may explain their attitudes towards permit trading.
However, this is very dependent on how the emission permits are distributed after the Kyoto period
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2008-12, and this should, therefore, be made clearer in the paper. As demonstrated in, e.g.,
Kverndokk (1993), different permit allocation rules give very different transfers between countries,
and allocation rules may be constructed that actually benefit countries like India and China (e.g., a
population rule). Therefore, I think a discussion on emission targets after the model period of 2010
is important, and different regional targets could also be analysed.

I have made several comments on how the analysis could be broadened. However, this does not
mean that I do not find the paper interesting, or that I think a general equilibrium analysis should
include all this aspects. Anyway, I think that the paper may be improved if some of the aspects are

mentioned and relevant comparisons are made.
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Emissions Trading, Capital Flows and the Kyoto Protocol

Warwick J. McKibbin, Martin T. Ross, Robert Shackleton, and Peter J. Wilcoxen

1 Introduction

As part of an effort to reduce global emissions of greenhouse gases (GHGs) that are expected to
contribute to a significant warming of the earth’s climate, the Kyoto Protocol to the United Nations
Framework Convention on Climate Change, signed in Kyoto in December 1997, includes binding
GHG emissions targets for the world’s industrial economies (“Annex I”” countries) for the period
2008-2012. The Protocol also provides for international trading of emission allowances among the
countries that accept binding targets, in recognition of the theoretical efficiency benefits of allowing
emission reductions to be obtained at least cost. In addition, the Protocol provides for a Clean
Development Mechanism, under which agents from industrial countries can earn emission credits
for certified reductions from investments in “clean development” projects in developing countries
that have not taken on binding targets.

In this paper we present estimates of the potential economic effects of the Kyoto Protocol, using the
G-Cubed multi-region, multi-sector intertemporal general equilibrium model of the world
economy.! We examine and compare four potential implementations of the Protocol involving
varying degrees of international permit trading, focusing particularly on short term dynamics and on
the effects of the policies on output, exchange rates and international flows of goods and financial
capital. We present calculations of some of the gains from allowing international permit trading, and
examine the sensitivity of the results to changes in the most important assumptions.

2  Model Structure

In this section we give a necessarily brief overview of the key features of the model underlying this
study, that are important in understanding the results. For a more complete coverage of the model,
please see McKibbin and Wilcoxen (1995b).2

The G-Cubed model consists of a set of eight regional general equilibrium models linked by
consistent international flows of goods and assets. We assume that each region consists of a
representative household, a government sector, a financial sector, twelve industries, and two sectors
producing capital goods for the producing industries and households, respectively. The regions and

! G-Cubed stands for “Global General Equilibrium Growth Model.” An earlier draft of this paper used version 31 of the model. This
draft uses version 39, which includes significant data updates and has emission coefficients on gas and oil separately rather than on the
crude oil and gas extraction sector

2 This and other papers describing the model are available at http:\www.msgpl.com.au.
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Table 1 Regions and Sectors in G-Cubed

Regions Sectors
1. United States 1. Electric utilities
2. Japan 2. Gas utilities
3. Australia 3. Petroleum refining
4. Other OECD countries 4.  Coal mining
5. China 5. Crude oil and gas extraction
6.  Former Soviet Bloc 6.  Other mining
7. Oil exporting developing countries 7. Agriculture
8. Other developing countries 8. Forestry and wood products
9.  Durable goods
10. Nondurables
11. Transportation
12.  Services

sectors are listed in Table 1. The regions are similar in structure (that is, they consist of similar
agents solving similar problems), but they differ in endowments, behavioral parameters and
government policy variables.? In the remainder of this section we present the key features of the
regional models.

2.1 Producer Behavior

Within a region, each producing sector is represented by a single firm which chooses its inputs and
investment in order to maximize its stock market value subject to a multiple-input production
function and a vector of prices it takes to be exogenous. We assume that output can be represented
by a constant elasticity of substitution (CES) function of inputs of capital, labor, energy and
materials:
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where Q, is output, Xij is industry i’s use of input j (i.e. K,L,E and M), and A, dij, and s, are
parameters. Energy and materials, in turn, are CES aggregates of inputs of intermediate goods:
energy is composed of the first five goods in Table 1 and materials is composed of the remaining
seven:
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Intermediate goods are, in turn, functions of domestically produced and imported goods.

3 This is enough to allow the regions to be quite different from one another. For example, even though all of the regions consist of the
twelve industries in Table 1 we do not impose any requirement that the output of a particular industry in one country be identical to that
of another country. The industries are themselves aggregates of smaller sectors and the aggregation weights can be very different across
countries: the output of the durable goods sector in Japan will not be identical to that of the United States. The fact that these goods are
not identical is reflected in the assumption (discussed further below) that foreign and domestic goods are generally imperfect substitutes.
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We use a nested system of CES equations rather than a more flexible functional form because data
limitations make even the CES model a challenge to estimate. In principle, to estimate a more
flexible specification we would need time-series price and quantity data for 14 inputs (twelve goods
plus capital and labor) in each of 96 industries (12 industries in 8 regions). Unfortunately, no
country collects annual data on intermediate inputs, and most developing countries collect almost
no industry data at all.

The scarcity of input-output data requires us to restrict the model further by imposing the
assumption that each industry has the same energy, materials and KLEM substitution elasticities no
matter where it is located (although the elasticities differ across industries).* However, even though
the substitution elasticities are identical across countries, the overall production models differ
because the CES input weights are taken from the latest available input-output data for each country
or region.”> Thus, the durable goods sectors in the United States and Japan, for example, have
identical substitution elasticities but different sets of input weights. The consequence of this is that
the cost shares of inputs to a given industry are based on data for the country in which the industry
operates, but the industry’s response to a given percentage increase in an input price is identical
across countries. Taken together, these assumptions are equivalent to assuming that all regions share
production methods that differ in first-order properties but have identical second-order
characteristics. This approach is intermediate between one extreme of assuming that the regions
share common technologies and the other extreme of allowing the technologies to differ across
regions in arbitrary ways.

The regions also differ in their endowments of primary factors, their government policies, and
patterns of final demands, so although they share some common parameters they are not simple
replicas of one another.

To estimate the elasticities we have constructed time-series data on prices, industry inputs, outputs
and value-added for the country for which we were able to obtain the longest series of input-output
tables: the United States. The following is a sketch of the approach; complete details are contained
in McKibbin and Wilcoxen (forthcoming).

We began with the benchmark input-output transactions tables produced by the Bureau of Economic
Analysis (BEA) for years 1958, 1963, 1967, 1972, 1977 and 1982.° The conventions used by the
BEA have changed over time, so the raw tables are not completely comparable. We transformed the
tables to make them consistent and aggregated them to twelve sectors. We then shifted consumer
durables out of final consumption and into fixed investment.” We also increased the capital services
element of final consumption to account for imputed service flows from durables and owner-
occupied housing. Finally, we used a data set constructed by Dale Jorgenson and his colleagues to
decompose the value-added rows of the tables,8and a data set produced by the Office of
Employment Projections at the Bureau of Labor Statistics to provide product prices.

4 This assumption is consistent with the available econometric evidence (see for example Kim and Lau, 1994).

5 Input-output tables were not available for the regions in the model larger than individual countries. The input weights for those regions
were based on data for the United States.

6 A benchmark table also exists for 1947 but it has inadequate final demand detail for our purposes. Subsequent to our estimation work
a 1987 table has become available.

7 The National Income and Product Accounts (and the benchmark input-output tables as well) treat purchases of consumer durables as
consumption rather than investment.

8 This data set is the work of several people over many years. In addition to Dale Jorgenson, some of the contributors were Lau

Christiansen, Barbara Fraumeni, Mun Sing Ho and Dae Keun Park. The original source of data is the Fourteen Components of Income
Tape produced by the Bureau of Economic Analysis. See Ho (1989) for more information.
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Table 2 Production Elasticities

Sector Energy Materials Output
Estimated Imposed Estimated Imposed

Electricity 0.200 1.000 0.763 (0.076)  0.200
Natural Gas 0.933(0.347)  0.200 0.200 0.810 (0.039) 0.200
Petroleum Refining 0.200 0.200 0.543 (0.039) 0.200
Coal Mining 0.159 (0.121) 0.529 (0.018) 1.703 ( 0.038)  0.200
Crude Oil & Gas 0.137 ( 0.034) 0.200 0.493 (0.031)

Other Mining 1.147 (0.136)  0.500 2.765 ( 0.028) 1.001 ( 0.315)
Agriculture 0.628 ( 0.051) 1.732 ( 0.105) 1.283 (0.047)
Forestry & Wood 0.938 (0.138)  0.400 0.176(0.000) 0.935 (0.080)
Durables 0.804 (0.058) 0.500 0.200 0.410 ( 0.019)
Nondurables 1.000 0.400 0.057 ( 0.000) 1.004 (0.012) 0.410
Transportation 0.200 0.200 0.537 (0.070)
Services 0.321 ( 0.045) 3.006 ( 0.073) 0.256 ( 0.027)

Table 2 presents estimates of the substitution elasticities for each industry; standard errors are shown
in parentheses.” The elasticity of substitution between capital, labor, energy and materials (KLEM)
for each sector, parameter s, in (1), is shown in the column labeled “Output”; the columns labeled
“Energy” and “Materials” give the elasticities of substitution within the energy and materials node,
$;p and sy .

A number of the estimates had the wrong sign or could not be estimated (the estimation procedure
failed to converge). In such cases we examined the data and imposed elasticities that seemed
appropriate; these values are shown in the table without standard errors.!? For most of the imposed
parameters, the data suggest complementarities among inputs, which is incompatible with the CES
specification. If more data were available, it would be worthwhile to use a more flexible functional
form.

Finally, in order to improve the model’s ability to match physical flows of energy we have imposed
lower energy and output elasticities in a few sectors. These are shown in the columns labeled
“Imposed.” For example, the estimated KLEM elasticity in the electric sector was 0.763 but we have
imposed an elasticity of 0.2 in order to help the model more accurately track the physical quantities
of energy inputs and outputs to the sector.

Maximizing the firm’s short run profit subject to its capital stock and the production functions above
gives the firm’s factor demand equations. At this point we add two further levels of detail: we
assume that domestic and imported inputs of a given commodity are imperfect substitutes, and that
imported products from different countries are imperfect substitutes for each other. Given the
model’s level of aggregation these are more a simple acknowledgment of reality than an
assumption.'! Thus, the final decision the firm must make is the fraction of each of its inputs to buy

9 The parameters were estimated using systems of factor demand equations derived from the KLEM portion of the production function
and the dual versions of the energy and materials tiers.

10" For this study we also imposed lower KLEM substitution elasticities on a few of the energy industries where it seemed that the
estimated elasticities might overstate the true ability of the industry to shift factors of production.

' This approach is based on the work of Armington (1969).
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from each region, including the firm’s home country. Due to data constraints we impose a unitary
elasticity of substitution between domestic and foreign goods. The significance of this is examined
in Section 5, which presents results for several alternative elasticities. In addition, we assume that
all agents in the economy have identical preferences over foreign and domestic varieties of each
particular commodity.!2 We parameterize this decision using trade shares based on aggregations of
the United Nations international trade data for 1987.!3 The result is a system of demand equations
for domestic output and imports from each other region.

In addition to buying inputs and producing output, each sector must also choose its level of
investment. We assume that capital is specific to each sector, it depreciates geometrically at rate d,
and that firms choose their investment paths in order to maximize their market value. Following the
cost of adjustment models of Lucas (1967), Treadway (1969) and Uzawa (1969) we assume that the
investment process is subject to rising marginal costs of installation. To formalize this we adopt
Uzawa’s approach by assuming that in order to install J units of capital the firm must buy a larger
quantity, I, that depends on its rate of investment (J/K) as follows:

I:(1+91)J
2K

where ¢ is a non-negative parameter and the factor of two is included purely for algebraic
convenience. The difference between J and I may be interpreted many ways; we will view it as
installation services provided by the capital vendor.

Setting up and solving the firm’s investment problem yields the following expression for investment
in terms of parameters, the current capital stock, and marginal ¢ (the ratio of the marginal value of
a unit of capital to its purchase price):

Lo
I—ﬂ(q -1)K

Following Hayashi (1979), and building on a large body of empirical evidence suggesting that a
nested investment function fits the data much better than a pure g-theory model, we extend (5) by
writing / as a function not only of ¢, but also of the firm’s current profit, p, adjusted by the
investment tax credit, t,:

1,, b4
I—azﬁ(q —1)K+(l—a2)W

This improves the empirical behavior of the specification and is consistent with the existence of
firms that are unable to borrow and therefore invest purely out of retained earnings. The parameter
a, was taken to be 0.3 based on a range of empirical estimates reported by McKibbin and Sachs
(1991).

In addition to the twelve industries discussed above, the model also includes a special sector that
produces capital goods. This sector supplies the new investment goods demanded by other
industries. Like other industries, the investment sector demands labor and capital services as well as

12° Anything else would require time-series data on imports of products from each country of origin to each industry, which is not only
unavailable but difficult to imagine collecting.

13 Specifically, we aggregate up from data at the 4-digit level of the Standard International Trade Classification.
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intermediate inputs. We represent its behavior using a nested CES production function with the
same structure as that used for the other sectors, and we estimate the parameters using price and
quantity data for the final demand column for investment. As before, we use U.S. data to estimate
the substitution elasticities and country or region data to determine the share parameters.

2.2 Households

Households consume goods and services in every period and also demand labor and capital services.
Household capital services consist of the service flows of consumer durables plus residential
housing. Households receive income by providing labor services to firms and the government, and
by holding financial assets. In addition, they receive imputed income from ownership of durables
and housing, and they also may receive transfers from their region’s government.

Within each region we assume household behavior can be modeled by a representative agent with
an intertemporal utility function of the form:

U = [(nCGs)+ nG(s)e o ds

\where C(s) is the household’s aggregate consumption of goods at time s, G(s) is government
consumption, which we take to be a measure of public goods supply, and q is the rate of time
preference and is equal to 2.5 percent.!* The household maximizes its utility subject to the constraint
that the present value of consumption be equal to human wealth plus initial financial assets. Human
wealth, H, is the present value of the future stream of after-tax labor income and transfer payments
received by households. Financial wealth, F, is the sum of real money balances, real government
bonds in the hands of the public (Ricardian neutrality does not hold in this model because some
consumers are liquidity-constrained; more on this below), net holdings of claims against foreign
residents and the value of capital in each sector. A full derivation can be found in McKibbin and
Sachs (1991) and McKibbin and Wilcoxen (forthcoming).

Under this specification, it is easy to show that the desired value of each period’s consumption is
equal to the product of the time preference rate and household wealth:

PCC=6(F+H)

There has, however, been considerable debate about whether the actual behavior of aggregate
consumption is consistent with the permanent income model.!> Based on a wide range of empirical
evidence in the macroeconomics literature (see Campbell and Mankiw, 1990), we impose that only
a fraction b of all consumers choose their consumption to satisfy (8) and that the remainder consume
based entirely on current after-tax income. We have deliberately chosen to depart from the
theoretical elegance of (8) because we are evaluating real-world policy and it is absolutely clear
from empirical data that (8) alone is not a satisfactory model of aggregate consumption. This is an
important difference between our approach and many of the other models used to study climate
change policy, where theoretical elegance has often been given greater importance than realism.

14 This specification imposes the restriction that household decisions on the allocations of expenditure among different goods at different
points in time be separable. Also, since utility is additive in the logs of private and government consumption, changes in government
consumption will have no effect on private consumption decisions.

15 Some of the key papers in this debate are Hall (1978), Flavin (1981), Hayashi (1982), and Campbell and Mankiw (1990).
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Whenever we have had to choose between theoretical elegance and empirical relevance, we have
chosen the latter.!6

The empirical finding that pure permanent income models such as (8) are rejected by the data while
nested functions that include a large weight on current income fit much better could be interpreted
in various ways, including the presence of liquidity-constrained households or households with
myopic expectations. For the purposes of this paper we will not adopt any particular explanation but
simply take b to be an exogenous constant.!” This produces the final consumption function shown
below:

P°C=BO(F,+ H)+(1-B)yINC

where g is the marginal propensity to consume for the households consuming out of current income.
Following McKibbin and Sachs (1991) we take b to be 0.3 in all regions.!8

Within each period, the household allocates expenditure among goods and services in order to
maximize C(s), its intratemporal utility index. In this version of the model we assume that C(s) may
be represented by a nested CES function. At the top tier, consumption is composed of inputs of
capital services, labor, energy and materials. Energy and materials, in turn, are CES aggregates of
inputs of individual goods.'” The elasticities of substitution at the energy and materials tiers were
estimated to be 0.8 and 1.0, respectively. In this version of the model the top tier elasticity has been
imposed to be unity.

Finally, the supply of household capital services is determined by consumers themselves who invest
in household capital. We assume households choose the level of investment to maximize the present
value of future service flows (taken to be proportional to the household capital stock), and that
investment in household capital is subject to adjustment costs. In other words, the household
investment decision is symmetrical with that of the firms.

2.3 Labor Market Equilibrium

We assume that labor is perfectly mobile among sectors within each region but is immobile between
regions. Thus, within each region wages will be equal across sectors. The nominal wage is assumed
to adjust slowly according to an overlapping contracts model (adjusted for different labor market
institutional structures in different economies) where nominal wages are set based on current and
expected inflation and on economy-wide labor demand relative to labor supply. In the long run labor
supply, which is specified in terms of labor efficiency units, is given by the exogenous rate of
population growth, but in the short run the hours worked can fluctuate depending on the demand for
labor. For a given nominal wage, the demand for labor will determine short-run unemployment.

Relative to other general equilibrium models, this specification is unusual in allowing for
involuntary unemployment. We adopt this approach because we are particularly interested in the

16 One complication of introducing a nested specification for consumption is that traditional welfare evaluations are difficult. However,
we view it as far more important to take empirical facts into account than for it to be easy to calculate equivalent variations.

17 One side effect of this specification is that it will prevent us from using equivalent variation or other welfare measures derived from
the expenditure function. Since the behavior of some of the households is implicitly inconsistent with the previous equation, either
because the households are at corner solutions or for some other reason, aggregate behavior is inconsistent with the expenditure function
derived from our utility function.

I8 Our value is somewhat lower than Campbell and Mankiw’s estimate of 0.5.

19 This specification has the undesirable effect of imposing unitary income and price elasticities. There is abundant empirical evidence
against this assump-tion and we intend to generalize it in future work.
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transition dynamics of the world economy. As in the case of consumption behavior, we are
deliberately choosing to make the model less theoretically elegant in order to better represent reality.
The alternative of assuming that all economies are always at full employment, which might be fine
for a long-run model, is clearly inappropriate during the first few years after a shock.
Unemployment is very likely to be an important part of the adjustment of the global economy of the
short to medium term, and it is hard to justify assuming it away simply because it is inconvenient
for theory. This is by no means a new idea, but despite its long and empirically robust standing in
mainstream macroeconomics it is rarely implemented in a general equilibrium model.

2.4 Government

We take each region’s real government spending on goods and services to be exogenous and assume
that it is allocated among final goods, services and labor in fixed proportions, which we set to 1990
values for each region. Total government spending includes purchases of goods and services plus
interest payments on government debt, investment tax credits and transfers to households.
Government revenue comes from sales, corporate, and personal income taxes, and from issuing
government debt. In addition, there can be taxes on externalities such as carbon dioxide emissions.

The difference between revenues and total spending gives the budget deficit. Deficits are financed
by sales of government bonds. We assume that agents will not hold bonds unless they expect the
bonds to be serviced, and accordingly impose a transversality condition on the accumulation of
public debt in each region that has the effect of causing the stock of debt at each point in time to be
equal to the present value of all future budget surpluses from that time forward. This condition
alone, however, is insufficient to determine the time path of future surpluses: the government could
pay off the debt by briefly raising taxes a lot; it could permanently raise taxes a small amount; or it
could use some other policy. We assume that the government levies a lump sum tax in each period
equal to the value of interest payments on the outstanding debt. In effect, therefore, any increase in
government debt is financed by consols, and future taxes are raised enough to accommodate the
increased interest costs. Thus, any increase in the debt will be matched by an equal present value
increase in future budget surpluses. Other fiscal closure rules are possible such as always returning
to the original ratio of government debt to GDP. These closures have interesting implications but are
beyond the scope of this paper.

Finally, because our wage equation depends on the rate of expected inflation, we need to include
money supply and demand in the model. The supply of money is determined by the balance sheet
of the central bank and is exogenous. We assume that money demand arises from the need to carry
out transactions and takes the following form:

M =PY{

where M is money, P is the price level, Y is aggregate output, i is the interest rate and ¢ is the interest
elasticity of money demand. Following McKibbin and Sachs (1991) we take e to be -0.6.

2.5 International Trade and Capital Asset Flows

The eight regions in the model are linked by flows of goods and assets. Each region may import
each of the 12 goods from potentially all of the other seven regions. In terms of the way international
trade data is often expressed, our model endogenously generates a set of twelve 8x8 bilateral trade
matrices, one for each good. The values in these matrices are determined by the import demands
generated within each region.

68



Emissions Trading, Capital Flows and the Kyoto Protocol

The trade balance in each economy is the result of intertemporal saving and investment decisions of
households, firms and governments. Trade imbalances are financed by flows of assets between
countries: countries with current account deficits have offsetting inflows of financial capital;
countries with surpluses have matching capital outflows. Global net flows are constrained to be
zero. We assume that asset markets are perfectly integrated and that financial capital is freely
mobile.?? Under this assumption, expected returns on loans denominated in the currencies of the
various regions must be equalized period to period according to a set of interest arbitrage relations
of the following form:

J
It =it .uj+—k/-
Ex

where i, and i; are the interest rates in countries k and j, m, and m; are exogenous risk premiums
demanded by investors (possibly zero), and E|j is the exchange rate between the two currencies.
The risk premiums are calculated in the course of generating the model’s baseline and are generally
held constant in simulations. Thus, if, in the base year, capital tended not to flow into a region with
relatively high interest rates, it will not do so during the simulation. Finally, we also assume that
OPEC chooses its foreign lending in order to maintain a desired ratio of income to wealth subject
to a fixed exchange rate with the U.S. dollar.

Although financial capital is perfectly mobile, it is important to remember that physical capital is
specific to sectors and regions and is hence immobile. The consequence of having mobile financial
capital and immobile physical capital is that there can be windfall gains and losses to owners of
physical capital. For example, if a shock adversely affects profits in a particular industry, the
physical capital stock in that sector will initially be unaffected. Its value, however, will immediately
drop by enough to bring the rate of return in that sector back to into equilibrium with that in the rest
of the economy. Because physical capital is subject to adjustment costs, the portion of any inflow
of financial capital that is invested in physical capital will also be costly to shift once it is in place.?!

2.6 Constructing the Base Case

To solve the model, we first normalize all quantity variables by the economy’s endowment of ef-
fective labor units. This means that in the steady state all real variables are constant in these units
although the actual levels of the variables will be growing at the underlying rate of growth of
population plus productivity. Next, we must make base-case assumptions about the future path of
the model’s exogenous variables in each region. In all regions we assume that the long run real
interest rate is 5 percent, tax rates are held at their 1990 levels and that fiscal spending is allocated
according to 1990 shares. Population growth rates vary across regions as shown in Table 3.

A crucial group of exogenous variables are productivity growth rates by sector and country. The
baseline assumption in G-Cubed is that the pattern of technical change at the sector level is similar
to the historical record for the United States (where data is available). In regions other than the
United States, however, the sector-level rates of technical change are scaled up or down in order to
match the region’s observed average rate of aggregate productivity growth over the past two

20 The mobility of international capital is a subject of considerable debate; see Gordon and Bovenberg (1994) or Feldstein and Horioka
(1980).

21 Financial inflows are not necessarily invested entirely in physical capital. Because of adjustment costs, part of any given inflow goes
toward bidding up the stock market value of existing assets.
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Table 3 Population Growth Rates

Region Population Growth Rate
United States 0.5
Japan 0.0
Australia 0.8
Other OECD 0.7
China 1.5
Former Soviet Union 0.5
Other developing countries 1.0

decades. This approach attempts to capture the fact that the rate of technical change varies
considerably across industries while reconciling it with regional differences in overall growth.?
This is clearly a rough approximation; if appropriate data were available it would be better to
estimate productivity growth for each sector in each region.

Given these assumptions, we solve for the model’s perfect-foresight equilibrium growth path over
the period 1990-2050. This a formidable task: the endogenous variables in each of the sixty periods
number over 6,000 and include, among other things: the equilibrium prices and quantities of each
good in each region, intermediate demands for each commodity by each industry in each region,
asset prices by region and sector, regional interest rates, bilateral exchange rates, incomes,
investment rates and capital stocks by industry and region, international flows of goods and assets,
labor demanded in each industry in each region, wage rates, current and capital account balances,
final demands by consumers in all regions, and government deficits.23 At the solution, the budget
constraints for all agents are satisfied, including both intratemporal and intertemporal constraints.

3  The Effects of the Kyoto Protocol

We now explore the effects of the Kyoto Protocol in five different scenarios. In the first, the United
States meets its commitment under the Protocol but no other regions take action. This scenario is
presented not as a practical proposition but as a benchmark against which multilateral scenarios can
be compared. In the remaining four scenarios we examine the effects of the Protocol when all
regions meet their commitments but the extent of international emissions permit trading varies.

The model only accounts for emissions of carbon dioxide from fossil fuel combustion, while the
Protocol specifies targets for all greenhouse gases in carbon equivalent units.2* Accordingly, we

22 For a more detailed discussion of the importance of accounting for heterogeneity in sector-level productivity growth rates see Bagnoli,
McKibbin and Wilcoxen (1996).

23 Since the model is solved for a perfect-foresight equilibrium over a 60 year period, the numerical complexity of the problem is on the
order of 60 times what the single-period set of variables would suggest. We use software developed by McKibbin (1992) for solving large
models with rational expectations on a personal computer.

24 The carbon equivalent units are specified in terms of the 100-year global warming potentials (GWPs) of carbon; e.g. a ton of methane
emissions are counted as the equivalent of 21 tons of carbon (or 21 times 3.67 tons of carbon dioxide), since a ton of methane contributes
roughly the same amount of radiative forcing over a century as 21 tons of carbon in the form of carbon dioxide. The permits are sold and
used annually; we do not allow for banking or borrowing of emissions between years within the 2008-2012 budget period although this
is permitted under the Protocol.
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make the simplifying assumption that reductions in fossil-related carbon dioxide emissions will be
made in proportion to the reductions required in total GHGs, and set the carbon target accordingly.
For instance, the Protocol specifies a 2008-2012 average annual target for the United States of 93%
of 1990 GHG emissions, which were approximately 1,600 million metric tons of carbon equivalents
(MMTCe). The overall U.S. greenhouse gas target is therefore roughly 1,490 MMTCe. However,
the share of fossil-related carbon dioxide in this target will depend on the marginal cost schedules
for all of the gases, not just CO,. To simplify, we assume that the fossil CO, target will be 93% of
1990 fossil CO, emissions, or approximately 1247 MMTC. This approach ignores the likelihood
that relatively inexpensive GHG reductions will be available from non-energy and non-carbon
sources, but provides a useful first approximation of the costs of achieving the Kyoto targets.

In each scenario, Annex I regions hold annual auctions of the specified quantity of carbon emissions
permits in each of the years from 2008 to 2020.%> The permits are required for the use of fossil fuels
(coal, refined oil and natural gas) in proportion to the average carbon content per physical unit of
each fuel. Revenues from the permit sales are assumed to be returned to households via a deficit-
neutral lump sum rebate.2% The policy is announced in 2000 so that forward-looking agents have a
nearly decade to anticipate the policy and adapt to it.

Because G-Cubed represents each region as a competitive market economy in dynamic equilibrium
with other regions, its representation of the former Soviet Bloc does not capture the shock associated
with the institutional collapse of the formerly planned economy, the consequent dramatic decrease
in emissions, or the fact that the region’s emissions are likely to be well below the limit mandated
by the Kyoto Protocol a decade from now. However, except for the reunification of Germany and
the extensive development of parts of Eastern Europe, and the fact that crude oil and gas exports
have continued, much of the region has remained substantially independent of the global economy
since 1990; and it seems unlikely that international trade and capital flows between this region and
the rest of the world will be large enough over the next decade to be a first-order concern. Since the
region has relatively little interaction with the rest of the world in the model (as a consequence of
the calibration that renders it in equilibrium in the base year), we treat the former Soviet Bloc
exogenously in this analysis. (However, we account for income flows from the international sale of
permits.) Taking these observations into account, in each of these scenarios, emission reductions in
the former Soviet Bloc (encompassing the former Soviet Union and Eastern Europe) are specified
exogenously, drawing on mitigation supply curves constructed mainly from the results of the Pacific
Northwest National Laboratory’s Second Generation Model (SGM). Furthermore, since former
Soviet Bloc GHG emissions are expected to remain well below the targets mandated by the Kyoto
Protocol, our exogenously specified supply curve for this region includes mitigation of greenhouse
gases other than carbon. Thus the analysis assumes a former Soviet Bloc mitigation supply curve
with roughly 300 MMTC of “paper tons” (emission allowances that would otherwise remain
unused) available in 2010, declining to about 220 MMTC in 2015 and 140 MMTC in 2020, and
roughly an additional 220 MMTC available in each year at a cost of less than $50/MTC (95%).%7

25 Beyond 2020 the supply of permits is allowed to increase at such a rate as to leave the real permit price at its 2020 value.

26 The rebate is chosen to leave the deficit unchanged. It is not necessarily equal to the revenue raised by permit sales because other
changes in the economy may raise or lower tax revenue. This formulation is not equivalent to free distribution of permits (
"grandfathering") — that would be represented in a similar fashion in the model but the rebate would be set to the gross revenue raised by
permit sales. Other uses of the revenue, such as cutting income taxes or reducing the fiscal deficit, would change some of the results
substantially.

27 The SGM numbers, in turn, are based partly on the results of a joint project between the OECD, the World Bank and the Office of
Policy Development at US EPA (see OECD document OECD/GD(97)154 "Environmental Implications of Energy and Transport
Subsidies" or Chapter 6 of OECD publication "Reforming Energy and Transport Subsidies." Our estimates ignore a projected ~140
MMTCe of other GHG "paper tons" available in 2010.
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Taken together, the G-Cubed baseline and additional simplifying assumptions lead to reduction
requirements in 2010 of 526 million metric tons of carbon (MMTC) for the United States, 67
MMTC for Japan, 48 MMTC for Australia, and 461 MMTC for the Other OECD countries; with
approximately 27% of those reductions potentially offset by paper tons from the former Soviet Bloc.

We first present a scenario with unilateral U.S. commitment to meeting its Kyoto target, with no
action undertaken by other regions. The remaining four scenarios involve the attainment of Annex
I targets specified in the Protocol with:

no international permit trading between regions;

international permit trading permitted between all Annex I countries;

3. international permit trading permitted within the Other OECD region, and among the
other Annex I regions (the U.S., Japan, Australia, and the former Soviet Bloc), but
prohibited between the Other OECD region and the rest of the Annex I countries — the so-
called “double umbrella” or “double bubble;” and

4. global permit trading; that is, the developing regions accept an emissions allocation

consistent with their modeled baselines, and allow sales from their permit allocations to

Annex I countries.

N —

Graphs illustrating the most important impacts of the Protocol under different assumptions about the
extent of international permit trading are provided at the end of the paper. The variables illustrated
include regional emission permit prices; emission reductions; international permit sales and
purchases; impacts on OPEC oil prices, sales and revenues; changes in international investment and
exchange rates; and changes in regions’ exports, gross domestic products and gross national
products.

Since neither the model’s behavioral parameters nor the future values of tax rates, productivity, or
other exogenous variables can be known with complete certainty, the results presented here should
be regarded as point estimates within a range of possible outcomes. The results do, however, give a
clear indication of the mechanisms through which the economy responds to climate change policy.
Section 5 will examine the sensitivity of the results to key parameters.

3.1 Unilateral Emissions Stabilization by the United States

Key macroeconomic results for the United States in the case of unilateral action by the United States
are shown in Table 4. The figures shown are either percent deviations from a “business as usual”
baseline or as changes from the baseline in units of 1995 dollars. Results are presented for a
selection of years, although the model itself is annual.

In order to achieve the Kyoto target, emissions in the United States would need to drop by about 30
percent relative to the baseline in 2010 and by 42 percent in 2020.28 The resulting price of carbon
emissions permits would be $80 per metric ton (95$) in 2010 rising to $94 per ton in 2020.%° Most
of the drop in emissions comes about through a decline in coal consumption as total energy use
drops and the fuel mix shifts toward natural gas, the least carbon-intensive fuel. This is reflected in

28 Some of the emissions eliminated within the United States — roughly 10% in 2010 — are offset by increases in emissions elsewhere.
Initially, over half of this "leakage” is due to the fact that other countries buy and burn the oil that the U.S. stops importing. This effect
diminishes over time: by 2020 about two-thirds of the leakage is due to higher energy demand resulting from greater economic activity.

29 Throughout the paper carbon will be measured in metric tons (tonnes) and prices will be in 1995 U.S. dollars.
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Table 4 Aggregate Effects of Unilateral U.S. Action

2005 2010 2015 2020
Permit price (959%) — $80 $85 $94
Carbon emissions 0.6% -29.6% -35.7% -41.5%
Coal consumption 0.1% -48.0% -56.2% -64.5%
Oil consumption 1.0% -18.8% -22.9% -26.7%
Gas consumption 0.6% -13.9% -19.2% -23.0%
GDP 0.2% -0.7% -0.8% -0.7%
Consumption 0.7% -0.4% -0.2% 0.1%
Investment 1.0% -1.1% -0.7% -0.5%
Exchange rate 3.5% 3.5% 4.6% 5.4%
Exports -2.8% -3.3% -4.5% -5.4%
Imports -0.7% -3.7% -4.2% -4.7%
Net foreign assets (Bil. 95$) -$77 -$124 -$73 -$21
GNP 0.1% -0.7% -0.8% -0.7%
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Table 5 Industry Effects of Unilateral U.S. Action

2005 2010 2020

Price Qty Price Qty Price Qty
Energy Industries
Electric utilities -0.1% 0.4% 7.2% -6.2% 12.6% -9.5%
Gas utilities -0.2% 0.4% 14.3% -13.6% 26.0% -22.7%
Petroleum refining -0.5% 0.4% 19.6% -16.2% 27.6% -24.4%
Coal mining 0.1% -0.1% 235.4% -40.3% 375.6% -56.0%
Oil and gas extraction -0.2% 0.0% -8.1% -10.4% -7.0% -19.7%
Other Sectors
Other mining -0.4% -0.3% 0.7% -2.6% 0.7% -3.3%
Agriculture -0.3% 0.2% -0.2% -1.2% -0.7% -0.8%
Forestry and wood -0.4% 0.1% -04% -1.2% -0.9% -1.0%
Durable goods -0.6% -0.2% -0.6% -1.4% -1.2% -1.4%
Nondurables -0.3% 0.3% -0.5% -1.0% -0.9% -0.6%
Transportation -0.2% 0.3% -0.1% -1.6% -0.6% -1.3%
Services -0.2% 0.4% -0.9% -0.2% -1.4% 0.5%

the industry-level results shown in Table 5: the after-tax price of coal rises by more than 235 percent
relative to its baseline level, while coal output declines by 40 percent in 2010 and by 56 percent in
2020. Output of petroleum products falls by 16% in 2010 and 24% in 2020; while natural gas output
falls by 14% in 2010 and 23% in 2020. The crude oil and gas sector is somewhat less affected,
suggesting that declines in demand fall disproportionately on imports: domestic output declines by
10 to 20 percent over the period.

Outside the energy industries, prices and output are affected very little. The only noteworthy result
is that investment rises by about one percent during the period before the policy is implemented
(2000-2007). This stems from the fact that the demand for services increases slightly when
households and firms substitute away from energy. As a result, investment by the service industry
increases as well, in anticipation of the increase in demand. The increase in investment is financed
by an inflow of foreign capital, as aggregate national savings decline slightly. The capital inflow
causes the exchange rate to appreciate by about 3.5 percent over that period. The exchange rate
appreciation reduces exports, primarily of durable goods, and enables the capital inflow to be
reflected in a worsening of the current account.

The international effects of the US policy vary across regions. Most Annex I countries experience
mild decreases in GDP on the order of -0.1 percent, mild exchange rate depreciation, and increases
in their net investment positions. China’s exports rise by 4 to 6 percent in the early years of the
policy. Other developing countries receive minor capital inflows after 2010, experience very slight
exchange rate appreciation and end up with slightly higher GDPs, but also have lower production
and exports of durable goods due to the change in exchange rates.

3.2 Annex I Targets Met Without International Permit Trading
In the second scenario, all Annex I regions meet their commitments under the Protocol. Each region
is restricted to use of their allocated emissions; the permits can be traded within regions but not from
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Table 6 Annex I Commitments Without International Permit Trading

United Japan Australia Other China LDC’s
States OECD

2005
Permit price (95$) — — — — — —
Carbon emissions 1.9% -2.4% -0.1% -1.8% -0.9% 1.7%
Coal consumption 0.7% -0.8% 0.0% -0.6% -0.8% 0.2%
Oil consumption 3.1% -3.3% -0.1% -2.4% -1.0% 2.6%
Gas consumption 1.9% -0.7% 0.0% -1.5% -1.5% 1.8%
GDP 0.4% -0.3% 0.1% -0.2% -0.3% 0.3%
Investment 2.9% -0.5% 0.6% -2.0% -1.0% 2.7%
Exports -8.6% 3.4% -0.3% 7.6% 17.2% -21.5%
Exchange rate 10.8% -6.5% 0.7% -12.9% -4.7% 15.4%
Net foreign assets (Bil. 95$)  -$244 -$49 $16 $184 $20 $78
GNP 0.3% -0.3% 0.1% 0.0% -0.2% 0.5%

2010
Permit price (95$) $87 $112 $181 $261 — —
Carbon emissions -29.6% -20.6% -37.5% -32.7% -0.7% 3.3%
Coal consumption -51.9% -43.6% -55.1% -49.6% -0.8% 0.3%
Oil consumption -15.6% -14.2% -18.4% -29.5% -0.4% 5.1%
Gas consumption -12.6% -4.6% -19.4% -18.2% -1.2% 3.4%
GDP -0.4% -0.6% -1.8% -1.5% -0.2% 0.4%
Investment 0.8% -1.3% 0.2% -3.8% -0.4% 2.9%
Exports -10.7% 1.2% -4.5% 5.8% 8.1% -25.1%
Exchange rate 10.5% -5.8% 2.1% -13.5% -4.7% 15.9%
Net foreign assets (Bil. 958)  -$451 -$55 $29 $370 $34 $141
GNP -0.6% -0.5% -1.6% -1.3% -0.1% 0.7%

2020
Permit price (95%) $101 $162 $230 $315 — —
Carbon emissions -35.7% -27.6% -44.1% -39.1% -0.7% 3.1%
Coal consumption -59.7% -56.5% -64.7% -58.4% -0.7% 0.2%
Oil consumption -19.8% -19.6% 21.2% -35.1% -0.4% 4.8%
Gas consumption -17.9% -6.7% -23.9% -24.0% -1.1% 3.4%
GDP -0.5% -0.7% -1.8% -1.6% -0.2% 0.4%
Investment 0.9% -1.4% 0.3% -3.5% 