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International environmental problems are more difficult to address than their national
counterparts, because they. require voluntary agreement among nations. The lessons of
environmental policy at the national level nevertheless apply in considering international
environmental rules, particularly with respect to problems like global warming. Policies should
provide opportunities for nations, firms, and individuals to trade off various types of emissions,
on a global scale if possible, and to find cost-minimizing ways to achieve emissions targets.
More importantly, existing policies that subsidize resource use in ways with substantial
environmental costs, such as fossil fuel subsidies in Eastern Europe and subsidies for
deforestation in Amazonia, must be reconsidered. Modifying these policies could improve the
efficiency of resource allocation and generate collateral environmental benefits, and might be
done through less formal institutions than international treaty.
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Many current environmental issues, including acid rain abatement in

Europe, reducing emissions of greenhouse gases, and preserving species

diversity, are international in scope. International environmental problems

are more difficult to address than their national counterparts, because they

require voluntary agreement among nations. There is no obvious international

body to enforce property rights or international contracts, so international

environmental policy requires the mutual agreement of many nations with

diverse interests and resource endowments.

This paper explores the role of market—based approaches to international

environmental problems, with a particular focus on the global warming debate.

It begins by reviewing the need for international cooperation in addressing

many environmental problems, and the difficulties in achieving it. Since many

have argued that the 1987 Montreal Protocol on Substances that Deplete the

Ozone Layer is a model international environmental treaty, and one with

important implications for future actions, the paper considers the lessons

that the Montreal Protocol suggests. The concensus achieved in Montreal seems

unlikely to be repeated with respect to other environmental concerns, because

national interests are more diverse and the economic costs of the chloro—

flourocarbon ban were small relative to the costs of many other environmental

actions.

The paper also provides a simple outline of the economics of global

warming, with particular attention to estimates of the international

distribution of the costs and benefits of reducing greenhouse gas emissions.
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At least in the short run, the costs of slowing these emissions fall primarilyon developed countries, while the benefits flow (in future years) to currentlydeveloping nations. The asynchronicity of costs and benefits makes the
optimality of reducing greenhouse gases highly dependent on the discount ratesused in policy evaluation.

The paper concludes with a discussion of several classes of policies that• could be invoked to reduce emissions of greenhouse gases, assuming such a
policy were deemed appropriate. These policies include taxes on fossil fuels,tradable emission rights for greenhouse gas emissions, and reforms in40 incentives for clearing tropical forests. The paper considers the extent to
which each of these policies would provide economic incentives for emissionsabatement. One of the important lessons of national—level experience with4, environmental policies is that regardless of which type of policy is chosen,
it is important to Allow individuals and firms discretion to find least—cost
solutions to emissions reduction. It is also important to evaluate existing

• policies that subsidize resource use in ways that incur substantial
environmental costs, such as fossil fuel subsidies in Eastern Europe and
subsidies for deforestation in Amazonia. Modifying these policies could
improve the efficiency of resource allocation and generate collateral

IP

environmental benefits, something close to the proverbial "free lunch."
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Economic approaches to environmental regulation are attracting

significant and increasing interest. In the United States, the Clean Air Act

of 1990 institutes a system of tradable permits for sulfur oxide emissions.

This marks the first time that a major U.S. environmental policy has relied on

a market mechanism to determine the quantites of emissions from various

sources. In Europe, calls for reductions in greenhouse gas emissions have

• resulted in higher taxes on fossil fuels, rather than limits on fuel

consumption or proscriptions on particular combustion technologies, as

traditional command and control regulation might have dictated. The U.S. has

IP used "green taxes" on chlorofluorocarbons to comply with the Montreal Protocol

on Ozone—Depleting Chemicals. While such economic solutions to environmental

concerns are still the exception rather than the rule, they are receiving more

41 serious consideration than in past environmental policy debates.

Rising interest in economic methods of achieving environmental ends can

be traced to many factors. In many developed nations, increased concern about

4, 
industrial competitiveness has encouraged policy—makers to abandon inefficient

command—and—control regulatory strategies in favor of less burdensome

incentive—based systems. At least as important may be ascension of a new

generation of environmental regulators more familiar with the basic principles

of environmental economics:

Although policy—makers show an increased willingness to consider market—

based approaches to pollution problems, many current environmental issues are

are international in scope, and consequently difficult to address with

unilateral national policies. Europe is seeking solutions to acid deposition

in Germany that results from burning coal at British power plants, Mexico and

the United States confront a range of vexing issues involving the quantity and

•



•

•

•

•

•

•

2

quality of water in major transnational rivers, and two of the most

contentious problems, global warming and preservation of species diversity,

are explicitly global in nature.

Transnational environmental problems are difficult to solve with market—

based approaches because there is no obvious international body to enforce

property rights or international contracts. International environmental

policy requires the mutual agreement of many nations with diverse interests

and resource endowments, and it has historically proved much less tractable

than domestic policy.

This paper explores the role of market—based approaches to international

environmental problems, with a particular focus on the global warming debate.

The paper is divided into five sections. The first reviews the need for

international cooperation in addressing some environmental problems, and the

difficulties in achieving it. Section two considers whether the success of

the 1987 Montreal Protocol on Substances that Deplete the Ozone Layer,

considered by many to be a model international environmental treaty, is likely

to be repeated with respect to other environmental concerns. Section three

outlines the simple economics of global warming, with particular attention to

estimates of the international distribution of the costs and benefits of

greenhouse gas reductions. The fourth section describes several classes of

policies that could be invoked to reduce emissions of greenhouse gases. These

policies include taxes on fossil fuels, tradable emission rights for

greenhouse gas emissions, and reforms in incentives for clearing tropical

forests. The analysis considers the extent to which each would provide

economic incentives for emissions abatement. There is a brief conclusion,

•



•

•
3

which argues for the importance of market—based approaches at the national

level even when implementing international environmental agreements.

• 1. International Environmental Polices and the Global Commons

411

IP

•

•

•

Global environmental concerns such as destruction of the ozone layer or

greenhouse warming call for international action, both because national

policies cannot significantly affect the problem, and because national

policies are likely to be inefficient.1

National policies are likely to select inefficient emission targets

because they neglect the external benefits from pollution control. If each

nation compares the cost of reducing its emissions of global pollutants with

the domestic benefits of such a policy, it will select abatement levels below

the level that equates the global benefits to the marginal costs of further

abatement. National decision—making bodies are unlikely to assign substantial

weight to the benefits that accrue to the citizens of other nations.2

Competition amongst different political jurisdictions also undermines

environmental policy—making at the national level. If one nation enacts a

policy to reduce the production of particular pollutants, it will trigger

international migration of industries and individuals with particularly high

abatement costs. A national carbon tax might reduce the domestic consumption

1There is a vast prior literature on international environmental policy.

Recent studies, which cite much of the early literature, include Hoel (1991)

and Maler (1990).

2Some policies appear to violate this assumption. A noteworthy example

is the agreement between the United States and Mexico on the salinity of the

Colorado River, which committed the United States to an expensive program of

desalination exclusively for the benefit of Mexican water—users (Kneese

(1988)).
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410 of coal in the steel industry, for example, but the reduction in global coal

consumption will be smaller than the domestic reduction. Carbon consumption

in other nations will expand as production of carbon emission—intensive goods

• migrates to places with weaker environmental standards. As nations or other

jursdictions compete with each other to retain internationally mobile

industries, they may be caught in a "race to the bottom" with respect to

411 environmental policy, widening the gap between the policies they pursue and

those that would be socially optimal.

Even if a set of uncoordinated national policies did arrive at the

appropriate aggregate level of emissions reduction, these unilateral policies

would probably cost more than a comparable market—based international policy.

The central result of environmental economics holds that efficient pollution

control requires equating the marginal cost of additional pollution reduction

across sources. There is no a priori reason to expect uncoordinated national

actions to reach this outcome. This implies that uncoordinated national

actions cannot be cheaper, and are probably more expensive, than coordinated

international policy.

The foregoing concerns suggest that coordinated international action

could dominate a set of unilateral national policies, but they do not provide

a framework for achieving international cooperation. Since there is no system

of international property rights, and no associated mechanism for enforcing

property claims or adjudicating disputes, it is difficult to develop market—

based solutions for global environmental problems. No individual or nation

has a legal claim to the ozone layer, a given level of greenhouse gas

concentration in the upper atmosphere, or the existence of particular species.

10 The arguments developed by Anderson and Leal (1991), for expanding property

•
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rights and thereby encouraging resource stewardship, are therefore difficult

to apply to international pollution problems.

International coalitions for environmental action are fundamentally

voluntary associations which function only when all nations benefit from

participation. For most environmental issues, however, there is a wide

disparity in the costs and benefits of different policies across nations. The

central task of designing a successful environmental accord is therefore to

find compensation mechanisms that draw the "losers" from environmental polices

into the coalition. It may be difficult to do this without substantially

weakening the environmental objectives of the treaty. Linking participation

in the environmental accord with access to other types of benefits, for

example foreign aid, may improve participation.3

2. The Montreal Protocol: A New Age, or an Outlier? 

The 1987 Montreal Protocol is often cited as a landmark example of

concerted international action to address a global environmental problem.

There are actually several successful international agreements that address

environmental problems. The riparian treaties between the United States and

Canada, the 1972 London Convention banning ocean dumping of radioactive and

other hazardous waste, and the International Whaling Convention are examples.

Because the Montreal Protocol is both recent and concerned with a form of air

pollution, however, it may be relevant in considering policies to combat

greenhouse warming. This section summarizes this agreement, which set targets

for phasing out global emissions of chlorofluorocarbons (CFCs), and suggests

3Carraro and Siniscalco (1992) discuss the design of international

coalitions in some detail, and provide references to prior work on this issue.
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several reasons why it may not generalize to other international environmental

problems.

Scientific evidence on how human activity could affect the ozone layer

accumulated rapidly in the fifteen years before the Montreal Protocol. In the

mid-1970s, two scientists at the University of California suggested that

emission of CFCs, remarkably stable chemicals with a wide range of commercial

uses, could deplete the global ozone layer. Their research sparked a range of

scientific and public policy studies. Early in the process of studying the

atmospheric chemistry of CFCs, the CEO of DuPont, the world's largest

manufacturer of CFCs, announced that if a scientific concensus emerged that

CFCs were harmful, his firm would cease production. Scientific concensus was

difficult to achieve for more than a decade, however, since more elaborate

models of the interaction between CFCs and ozone often revealed new chemical

reactions that were difficult to evaluate empirically.

The catalyst for world action to preserve the ozone layer was the

discovery of a "hole" in the ozone layer above the Antarctic in the early

1980s. Researchers found substantial evidence linking the reduced ozone

levels to the chemical reactions predicted by the CFC theory. This finding

led to worldwide demands to phase out inessential uses of CFCs, and ultimately

to the accord reached in Montreal. Aggregate emissions of CFCs have declined

sharply, and ahead of schedule, in the years since the Protocol was signed.

There are two central provisions in the Montreal Protocol, which was

signed by representatives of 93 nations. First the Protocol set targets for

the reduction of CFC production by all signatories. The targets are specified

as fractions of 1986 production, with some allowance for production capacity

under contract but not yet operational in 1986. Second, developing nations

•
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may expand their CFC use between 1986 and 1996, but they will need to restrain

CFC emissions after 1996. The Protocol also provides for transfers to LDCs to

facilitate the adoption of substitute products. This provision helped build

global concensus for the agreement, since it defused the LDC's argument that

their development would be stunted if they were forced to rely on expensive

alternatives to CFCs.

The Montreal Protocol has now been in force for over five years, and while

the fund for technology transfer is currently in arrears, the basic structure

of the agreement has not been challenged. Despite this success, there are

several reasons to suspect that the success in restricting CFC emissions will

not generalize to other global environmental problems.

First, chloroflurocarbons are economically much less important than fossil

fuels. Production of CFCs was concentrated among a small set of multinational

chemical companies who were also the natural suppliers of CFC substitutes.

Some have suggested that some CFC producers supported a ban because they

expected to exercise greater market power if current CFC users were forced to

switch to substitutes (see UNEP (1990)).

Second, the ozone depletion problem appeared immediate when the Protocol

was signed, in marked contrast to the long horizons involved for other

environmental issues such as species diversity and global warming. The

discovery of the ozone "hole" and the almost uniform tendency for new

scientific results to suggest environmental damage from CFCs was crucial in

building an international concensus to restrict these gases.

Third, although CFC substitutes were more expensive and in some cases at

the edge of technical feasibility, less damaging substitute products did

exist. Since CFCs accounted for a relatively small share of economic

•
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activity in the affected countries, the economic pain associated with a phase—

out was limited.

In spite of these favorable factors, and with relative harmony in support

of restricting global CFC emissions, negotiations leading to the Montreal

Protocol took several years and frequently threatened to unravel (see Benedick

(1991)). The difficulty of securing Protocol participation from less

developed nations, even for restrictions on a set of products that are not

vital to economic growth, does not bode well for obtaining international

concensus on reductions in economically more significant products such as

fossil fuels. The 1985 Helsinki Protocol on sulfur oxide emissions in Europe,

which was signed by twenty one countries but not signed by another thirteen,

including Poland and the United Kingdom, may provide a more reasonable

forecast of the future.

3. Global Warmin Outlining the Costs and Benefits of Abatement Strate ies

The international environmental problem that is currently attracting the

most attention is global warming. This section provides a brief introduction

to the global warming "problem." The ongoing and unsettled international

policy debate on how to respond to the potential risk of global warming

illustrates the problems of achieving international action on environmental

problems .4

4Emissions of methane and chlorofluorocarbons may also contribute to
greenhouse warming. Because methane emissions are difficult to control, and
emissions of CFCs are expected to decline to a negligible level by early in
the next century as a result of the Montreal Protocol, the subsequent
discussion focuses on CO2 emissions.

•
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3.1 The Nature of Global Warming

Emissions of greenhouse gases generate pure global externalities: the

long—run warming effects of molecules of greenhouse gases emitted anywhere on

the globe are identical. Of course, there may be substantial differences in

the costs of abating emissions of greenhouse gases from different sources.

There are three important greenhouse gases: methane, CFCs, and carbon dioxide.

41 The sources of methane emissions are controversial, and in many cases there

are few obvious control technologies. Production of CFCs, which are

greenhouse gases in addition to being ozone—depleters, will be minimal by

• early in the next century. Most discussions of slowing man—made emissions of

greenhouse gases therefore focus on lowering emissions of carbon dioxide

(CO2). The two most important sources of CO2 are the combustion of fossil

40 fuels and burning of tropical forests.5

Table 1 illustrates the concentration of current fossil fuel consumption.

It shows the global nature of the CO2 emission problem: no single nation or

10 
group of nations is sufficiently important to significantly affect the rate of

global carbon emissions. The United States, the largest carbon emitter,

accounts for just over twenty percent of world CO2 emissions from fossil fuel

consumption. All of Europe accounts for an emission level comparable to that

from the United States, and the collected states of the former Soviet Union

account for a slightly smaller flow of emissions.

Table 2- contrasts the current pattern of carbon dioxide emissions with

that predicted for the year 2100 by the International Panel on Climate Change.

5Cline (1992) provides a readable introduction to the science of global
warming, along with detailed references to studies on the production and
possible control of greenhouse gas emissions.
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The table shows that projected growth in energy utilization during the next

century is much faster in currently developing nations than in currently

developed ones. This is the result of both more rapid population growth and

industrialization, which raises the use of carbon fuels per capita. The table

calls particular attention to the growth of carbon emissions from China, which

is expected to use its large coal deposits to spur industrialization.

Is global warming really a problem? There is substantial scientific

uncertainty at present about the long—run effects of carbon dioxide emissions.

The median forecasts of what would happen if no "anti—warming" policies were

adopted suggest relatively modest increases in global mean temperature.

Averaged across nations, the costs of such a climate change would be modest.

The average, however, masks very significant heterogeneity across countries.

Most of the costs of global warming are expected to be borne by

developing nations. For example, Cline (1992) lists the fifty nations with

the highest predicted .costs (as a share of GNP) of adapting to rising sea

levels, which would be one of the consequences of global warming. New Zealand

is the only developed nation in his list. For some developed nations, global

warming might actually prove beneficial. Nordhaus (1990) considers the

potential effects of global warming on the United States, and concludes that

the potential costs of a warming earth will be modest, at least over the next

century, and that some northern regions might gain.6 The former Soviet Union

and parts of Canada would also experience a milder climate, and possibly

increased agricultural productivity.

6Cline (1992) argues that Nordhaus may understate the ultimate effects of

global warming because he focuses only on consequences during the next

century, and because he discounts the future too heavily.
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3.2 Responses to Global Warming

Uncertainty, more than predicted mean effects, accounts for the popular

view that action is needed to address global warming. The general circulation

models that are used to analyze climate effects raise the possibility of

discrete changes in weather patterns, shifts in ocean currents, and similar

sharp effects that might have important costs. Yet it is virtually impossible

to assign probabilities to these events, and this makes it difficult to build

broad international concensus on the need for action.

The long time horizon implicit in discussions of global change also makes

it difficult to formulate policy. Even for developing nations, where the

long—run costs of global warming may be substantial, these costs will not

accrue for decades.7 Public policy analysts find it difficult to agree on the

appropriate discount rate for projects with lifetimes of only a few years, and

there is far less agreement on the appropriate discount rate for policies that

span generations .8

Nordhaus (1991) explains that there are three categories of responses to

global warming. First, individuals and nations might pursue abatement 

policies when the effects of global warming become clear. A variety of plans,

some more far—fetched than others, have been advanced for counteracting the

impact of global warming. These plans range from painting roof—tops and

70ne of the most difficult aspects of the global warming debate is

evaluating the possibility that greenhouse gas emissions could trigger major

and largely irreversible changes in climate patterns. Existing scientific

models are not well suited to address this question.

8Lind (1984) overviews the issues involved in choosing discount rates for

public projects.
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highways white, to reflect more incoming sunlight back into space, to chemical

modifications to the oceans to encourage CO2 absorption. Second, individuals

and nations might pursue amelioration policies to offset the effects of a

warmer climate. This might involve increased use of air conditioning,

population migration, and shifting patterns of industry and land use in

particular areas. Finally, actions could be taken before global warming

occurs to prevent warming from taking place. Proposals to reduce emissions of

carbon dioxide and other greenhouse gases are examples of preventive policies.

There is a key distinction between amelioration and abatement policies on

one hand, and preventive policies on the other. The costs of the first two

policies are borne at the same time when their benefits accrue in reducing the

effects of a warmer climate. If economically significant effects of global

warming do not occur for a century, then the costs of abating or ameliorating

these effects can also be deferred for a century. With prevention policies,

however, the costs are borne before the benefits accrue. This makes the

attractiveness of prevention policies very sensitive to the discount rate used

in policy analysis. At high discount rates, it is not worth preventing even

very substantial costs in the distant future.

In spite of the unfavorable time profile of their costs and benefits,

virtually all of the public policy debate on global warming has centered on

prevention policies. This is partly due to the concrete nature of these

policies: they provide a sense of taking action today to address the problem.9

9There may be some environmental issues, principally loss of species

diversity, where the option of abatement is not operative and the options for
amelioration are difficult to evaluate. Some advocates of slowing global
warming are particularly concerned with the impact of warming on species

diversity. This requires a somewhat more subtle discussion than my focus on

changes in mean temperature.

•
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It is surprising, however, that so much of the recent increase in research

activity related to global warming has focused on the costs of prevention,

rather than ways to encourage amelioration or adaptation.

4. Strategies for Preventing Global Warming

There are three broad strategies for reducing emissions of greenhouse

gases, and carbon dioxide in particular: raising the price of fossil fuels,

placing quotas or other restrictions on the total amount of carbon dioxide

that can be emitted, or slowing the large—scale burning of tropical forests.

This section considers each of these options in more detail.

4.1 Taxing Carbon

The most common suggestion for slowing man—made emissions of CO2 is to

implement a carbon tax. While the standard "pollution tax" in environmental

economics is a tax on emissions, the carbon tax is typically presented as a

tax on fossil fuel inputs, not emissions. There is a virtually fixed

relationship between the amount of coal, oil, and natural gas burned, and the

amount of CO2 generated. Taxing the various fossil fuels at appropriate rates

is therefore equivalent to taxing CO2 output.

While fears about greenhouse warming provide a new justification for

taxing carbon fuels, most developed nations already tax these fuels.1° Table

3 reports the tax burdens, as a share of the consumer price of various fossil

1°Several nations have even enacted unilateral carbon taxes, despite the
very limited effect of their domestic emissions on global warming. Sweden,
Finland, and the Netherlands have already adopted such taxes. Part of the
argument for unilateral action is presumably to provide a role—model for other
nations. Poterba (1991) provides more detailed information on the carbon tax
component of the tax burden on fossil fuels in each country.
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fuels, in several major developed nations in the late 1980s. One immediate

question is how existing taxes should be integrated with a global carbon

excise. Traditional welfare economics provides a clear answer: the price

charged to users of fossil fuels in each nation should reflect the total

social cost of burning these fuels (see Newbery (1992)). Fossil fuels

generate CO2 as well as other by—products with social costs, such as sulfur

oxides and particulates. While CO2 emitted anywhere on the globe has the same

effect on global warming, the local pollutant effects of burning fossil fuels

may be quite different. This implies that the total tax burden on carbon

fuels may differ across nations, even after a world carbon tax is imposed.

Advocates of a "global" carbon tax, administered by an international

agency, typically ignore several considerations that make such a tax difficult

to implement. First, a carbon tax at the level needed to stabilize CO2

emissions at roughly current levels would raise a great deal of revenue in

developed nations. In the United States, a tax of $100/ton of carbon would

generate revenue of more than 3% of GNP. Even in Japan, where energy

consumption per dollar of GNP is lower than in the U.S., revenues would be

more than 1% of GNP. Schelling (1991) observes that no industrialized nation

is likely to surrender control over revenues of this magnitude to an

international organization. The only feasible tax regime is therefore one in

which revenue collection is delegated to each sovereign state.

National sovereignty in setting and collecting carbon taxes, however,

coupled with the presence of different non—global warming externalities in

different nations, would make a global carbon tax regime difficult to monitor

and enforce. In part because measuring environmental damages is an extremely

difficult task, it would be almost impossible to demonstrate that the tax rate
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in a given nation was set improperly. An international accord might lead to a

floor on the total carbon levy in each country, but it would be difficult to

ensure that the relative tax rates on coal, oil, and natural gas were set as

the simple carbon tax would predict.11 This aspect of tax reality undermines

previous attempts to estimate the effects of a carbon tax, since most studies

assume that the policy is implemented in its textbook form.

A second barrier to a world carbon tax is the substantial cost that such

a tax imposes on many nations. Table 4 reports the losses in output, as a

share of GDP, for several groups of countries if global carbon emissions were

cut by fifty percent.12 These estimates are drawn from Whalley and Wigle's

(1991) multi—country simulation model combining data on the use and production

of fossil fuels in various nations. The table illustrates that the net

effects of a carbon tax, when the revenues are retained by the national

government, are sensitive to the way the tax is implemented. A tax on

production, for example, will yield substantial revenues for oil exporters

such as OPEC and serve as a device for achieving a coordinated price increase.

The production tax consequently burdens the consuming countries more than a

tax on consumption, because it does not provide the revenue to the consuming

nations' treasuries. A tax on fossil fuel consumption, in contrast, drives

down the producers price of fossil fuels, and generates substantial losses to

oil exporting nations. Currently—developed nations lose more when the tax

revenue is collected and redistributed by an international body. The last

11Even a floor on the tax rates on fossil fuels might be difficult to

enforce, as some nations might argue that fossil fuel consumption yielded

favorable externalities of various sorts.

12Thi s is an extreme policy scenario, and would translate into a carbon

tax of roughly $450 per ton by Whalley and Wigle's (1991) estimates.
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column of Table 4 shows the losses when revenues are redistributed across

countrie on the basis of population. In this case North America loses 9.8%

of GDP as a result of the carbon tax, compared with 3.6% for a national tax on

fossil fuel consumption. While the precise levels of the effects in Table 4

are proposal specific, the pattern of results is quite general.

The redistributive effects of the carbon tax, and difficulty in

preventing nations from offsetting the tax by changing other tax policies,

make a new global tax regime unlikely. Even if a world carbon tax is not

adopted, one step that some nations could adopt unilaterally would involve

phasing out existing subsidies to fossil fuel consumption. Table 5 presents

data on the subsidies to fossil fuels in several nations. Shah and Larsen

(1991) argue that eliminating these fossil fuel subsidies should be the first

step in a policy to reduce greenhouse gas emissions. The World Bank (1992)

estimates that eliminating fossil fuel subsidies could reduce carbon dioxide

emissions by 29% in the former Soviet Union and Eastern Europe, and by 11% in

currently developing nations. These reductions combine to yield an eleven

percent reduction in current global emissions of carbon dioxide. Eliminating

these subsidies would also confront consumers in the subsidizing nations with

world market prices for their fuels, thereby improving the efficiency of

global energy consumption.

While phasing out energy subsidies may be appropriate global warming

policy, the -"free lunch" view in Shah and Larsen (1991) is overly optimistic.

Even if there are efficiency gains to eliminating these subsidies, there may

be intra—national distributional costs. Some nations that subsidize

particular fossil fuels may do so in response to domestic political pressures.

The United Kingdom, for example, encourages coal use in part to provide
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employment for miners in particularly depressed regions. In the United

States, despite overwhelming evidence that scrubbing high—sulfur coal is a

cost—ineffective way to reduce sulfur oxide emissions, clean air policy for

more than a decade has required scrubbers on some power plants. This is also

largely a result of the political influence of high—sulfur coal miners.

4.2 Tradable Carbon Emission Permits

A second strategy for reducing global carbon emissions would be a system

of national emission limits. There are obvious and important problems with

implementing such a system. Who would enforce it? Why would nations agree to

participate, given the costs such an agreement would impose on them and the

largely external benefits it would generate? These questions could keep

treaty negotiators busy for decades. Leaving these issues aside, however,

there are various ways to design national carbon limits. Some make much

greater use of economic incentives, and are likely to be far less costly, than

others.

The two most important principles in designing a system of national

limiis are to apply the limits to greenhouse gas emissions of all sorts, and

to allow for trading of emission limits between nations. The rationale for

applying broad limits is to permit nations to select efficient policies for

emissions—reduction. For example, it may be far cheaper for some nations to

reduce carbon emissions by changing agricultural policies than by increasing

the tax burden on fossil fuels. Global environmental policy should encourage

such innovative solutions.

One of the central lessons of existing environmental policies is that

allowing flexibility to individuals or governments yields substantial
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benefits. The most striking example is UNOCAL's recent experience in

satisfying air quality standards in the Los Angeles basin.13 Rather than

reducing emissions of volatile organic compounds from one of the firm's

refineries, UNOCAL purchased several hundred very old automobiles in the

second hand market, and destroyed them. Because old vehicles emit far more

pollution than newer models, the total reduction in emissions from this

program were larger than the gains from modifying the refinery, and the cost

was only a fraction of the refinery retrofit cost. Allowing firms,

individuals, and even governments the opportunity to trade off various

strategies for emission control must therefore be a central principle of a

system of national targets.

The second important principle is that nations should be allowed to trade

their rights to emissions. This will permit the total reduction in emissions

to occur at the least possible cost. Although there is substantial

uncertainty in estimates of the marginal costs of reducing carbon emissions,

Mors (1991) reports that emission reduction can be achieved at roughly one

fourth the cost in developing as in developed nations. This reflects the

relatively inefficient energy utilization systems in place in many LDCs,

pipelines leak, and coal and oil may be burned in boilers that trap low

fraction's of the heat generated. Correcting these features of the energy

system provide opportunities for low—cost reduction in global carbon

emissions.

A global environmental strategy must provide incentives for finding the

low—cost ways to cut emissions. Fixed national emission targets without

13UNOCAL (1992) summarizes this program.
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trading would not encourage less developed nations whose current emissions

were below their target levels to consider any, reduction in emissions, even

though the marginal cost of such reductions might be far smaller than the cost

of emissions reduction in developed nations. International trading would

allow developed nations, with relatively high costs of emissions reduction, to

seek low—cost opportunities worldwide.

This discussion of how to design a system of national carbon emission

levels sidesteps the single most difficult problem: how to set the emission

levels. There are two distinct issues, how to establish the global emission

limit and how to determine individual national targets. The global target is

extremely difficult to establish, and would undoubtedly result from political

negotiation. One beauty of the tradable emission levels, however, is that

setting the levels across nations simply amounts to resource transfers among

countries, and should not affect the overall level of carbon emissions.

4.3 Reducing Tro ical Deforestation

A third class of policies that would reduce global carbon emissions

concentrates on slowing tropical deforestation. Deforestation currently

accounts for approximately one fifth of the net global production of carbon

dioxide (World Resources Institute (1991)). Reis and Margulis (1991) suggest

that deforestation in Amazgnia could increase rapidly in the early part of the

next century. Most rain—forest burning occurs as the forest is converted to

agricultural use by new settlers, so policies to slow this settlement are

candidates for reducing the level of greenhouse gas emissions.
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In some cases, the rapid increase in deforestation has resulted from

government policies that encourage agrarian settlement. Reis and Margulis

(1991) write that in Brazil,

... the distribution of government subsidies through fiscal
and credit mechanisms was also decisive for the profitability
of certain agricultural activities, particularly cattle raising,
that are considered economically unfeasible in the soil conditions

prevailing in most areas of Amazonia. (p.350).

Precisely because the types of agriculture that can be supported in Amazonia

are not particularly profitable, Cline (1992) concludes that the cost of

reducing global carbon emissions by slowing deforestation or even expanding

the rainforest to sequest carbon are only several dollars per ton. This is

substantially less than most estimates of emission—reduction costs in

developed nations.

Changing the incentives for exploitation of tropical rainforests, like

removing subsidies for fossil fuel incentives in some less developed nations,

may reduce greenhouse gas emissions and also generate efficiency gains. It is

not possible, however, to make across—the—board arguments about the need to

prevent deforestation. In some cases converting the forest to alternative

uses may have substantial economic returns. Rationalizing incentives for

forest use, and designing markets to permit efficient investment decisions,

should nevertheless be a goal of both developing nations and development

policy.
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5. Conclusion

International environmental problems are more difficult to address than

their national counterparts, because they require voluntary agreement among

nations. The limited success of past international environmental accords does

not suggest that agreement on problems with divergent costs and benefits

across nations, such as global warming, is likely to be achieved in the near

future.

The lessons of environmental policy at the national level nevertheless

apply in considering international environmental rules. Policies should

provide opportunities for nations, firms, and individuals to trade off various

types of emissions, on a global scale if possible, and to find cost—minimizing

ways to achieve emission targets. Policies should allow trade in emission

rights to ensure that opportunities for reducing the cost of emission

reduction are realized. Perhaps most importantly, existing policies that

subsidize resource use in ways with substantial environmental costs, such as

fOssil fuel subsidies in Eastern Europe and subsidies for deforestation in

Amazonia, must be reconsidered. Modifying these policies could improve the

efficiency of resource allocation and generate collateral environmental

benefits.
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40 Table 1: Global Fossil—Fuel Carbon Emissions, 1987

•

•

•

110

111

•

Total Share of . Per Capita Emissions/

Country Emissions World Emissions Emissions GDP

United States & Can 1319 24.9% 4.78 .269

Other N. America 111 2.1 .73

Europe 1160 21.9 2.33

Former USSR 1010 19.1 3.51 .429

China 572 10.8 .50 1.822

Japan 238 4.5 1.93 .124

Non China,Japan Asia 530 10.0 .29

Oceania 72 1.4 2.72 .343

South America 135 2.5 .45

Africa 154 2.9 .24

Source: World Resources Institute, World Resources 1990-1991, and author's

calculations.



•

25

40 Table 2: Projected Growth in Carbon Emissions, 1990-2100

•

•

Share of World Emissions Compound Annual

Country 1990 2100 Growth Rate, 1990-2100

United States 21.9%

Other OECD 23.0

Former Soviet Union

and Eastern Europe 26.0

China 11.1

Rest of World 18.1

12.4%

12.9

20.3

18.0

36.4

0.7%/year

0.7%/year

1.0%/year

1.7%/year

1.9%/year

Source: Cline (1992) reporting results from the Intergovernmental Panel on

Climate Change.
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40 Table 3: Tax Rates on Fossil Fuel Products, Percent of Final Prices, 1988

IP

40

•

•

•

Fuel Sweden

Coal 26.8% 0 0 0

United States Britain Japan

Gasoline 62.2% 31.3% 67.1% -46.6%

Industrial Fuel Oil 49.1% 0 12.2% 0

Industrial Natural Gas n.a. 0 0 0.9%

Source: International Energy Agency, Energy Prices and Taxes,_ Fourth Quarter

1988.
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Table 4: Regional Gains and Losses (% GNP) Under Various Carbon Tax Regimes

Region

National Carbon Tax on: Global Tax with Population-

Production Consumption Based Revenue Recycling

European Community

North America

Japan

Other OECD

Oil Exporters

Developing & Centrally

Planned Economies

-4.0%

-4.3

-3.7

-2.3

4.5

-4.4

-1.0% -3.8%

-3.6 -9.8

0.5 -0.9

-2.1 -4.4

-18.7 -13.0

-4.4 -4.2

IP Source: Whalley and Wigle (1991), Table 7.6.

0

0

0
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