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Executive Summary

Many analysts believe that human-caused emissions of greenhouse gases — principally carbon

dioxide (CO2) from the consumption of fossil fuels such as petroleum products, natural gas and coal —

are contributing to an increase in global temperatures.

The link between greenhouse gas emissions and global temperature increases is uncertain, and

some scientists believe the net effect of any global warming could be beneficial.  Still, the United States

has signed — but not ratified — an accord drawn up at Kyoto, Japan, in late 1997 that would obligate the

U.S. to reduce its CO2 emissions to 7 percent below 1990 levels between 2008 and 2012.  The accord also

assigns various targets to other industrialized nations.  It will become a binding treaty only if countries

accounting for 55 percent or more of 1990 CO2 emissions ratify it.  Thus far no industrialized nation has

done so.

What difference will the treaty make?  The treaty would not actually reduce global CO2 emissions.

Instead, it would merely slow their growth:

● The U.S. Department of Energy has projected that from 1990 to 2010 emissions of CO2 from

the consumption of fossil fuels will rise by 45 percent worldwide.

● If the Kyoto accord were implemented, the net effect would be to slow the worldwide growth

of CO2 emissions to 30 percent.

Despite the fact that the impact on global CO2 emissions would be modest, the effects on the U.S.

economy would be large:

● This study estimates that compliance with the Kyoto accord would require the U.S. to reduce

its energy consumption by about 25 percent below the amount that would otherwise occur.

● To appreciate what this would mean, consider that about one-fourth of total U.S. energy con-

sumption in 1996 was for transportation.

● One way (but not the most efficient way) of reducing energy use in the United States by one-

fourth would be to stop nearly all highway, rail, sea and air traffic permanently.

Economists often use cost-benefit analysis to determine whether government action should be

taken and, if so, what action will produce the best results at the least cost. This study compares the world-

wide benefits of U.S. reduction of CO2  emissions with the worldwide costs.  The benefits can be ex-



pressed as the economic value of avoiding the environmental damage that might arise from global warm-

ing.  Fewer hurricanes mean less property damage; avoiding tidal flooding increases the value of coastal

property; less crop destruction translates into lower food prices; fewer diseases mean lower health care

costs.  This study estimates these benefits based on the average finding of studies that conclude the ben-

efits are positive.

The costs can be expressed in terms of economic opportunities lost as a result of using less fossil

fuel.  In general, economic well-being is maximized at the level of abatement where the last barrel of oil

not consumed creates benefits equal to the costs of not consuming it.  For abatement beyond that point, the

additional cost outweighs the additional benefit.  This study finds:

● The economic benefits of lower energy use justify U.S. reduction in CO2  emissions of only

about 14 percent of that required by the treaty.

● Thus the Kyoto treaty would require seven times more CO2 reduction by the United States than

is justified by a comparison of costs and benefits.

● Similar results also apply to other developed countries.

Regardless of its impact on the world as a whole, CO2 emissions reduction would be costly for the

United States.  In general, the cost of reducing CO2 emissions can be measured in terms of fewer goods

and services purchased at lower energy levels.  It might be possible to reduce these costs through interna-

tional transactions.  For example, the United States could purchase the right to emit additional units of

CO2 from other countries.  Alternatively, the U.S. could obtain the right to emit more by helping other

countries reduce their emissions.  This study finds:

● Without any offsets or credits, U.S. GDP would be 3.6 percent to 5.1 percent lower in 2010,

representing a loss of $330 billion to $467 billion or about $1,100 to $1,600 per capita.

● Using offsets and credits, compliance would cost the U.S. from 3 percent to 4.3 percent of

GDP, representing a loss of between $921 and $1,320 for every man, woman and child in the

country.

If reducing CO2 emissions is similar to purchasing insurance against the possible consequences of

global warming, these figures suggest that U.S. compliance with the Kyoto accord represents costly and

excessive insurance.
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Introduction 1

Although many analysts believe that greenhouse gases resulting from

human activity are contributing to global warming, the linkage is highly

uncertain.  Human-caused emissions are only about 3 to 5 percent of the total

annual emissions of greenhouse gases in the world.  The greenhouse gas most

frequently emitted through human action is carbon dioxide (CO2) from fossil

fuels (petroleum products, natural gas and coal).2   Thus, the conservation of

fossil fuels figures prominently in strategies to reduce CO2 emissions.

Increased concerns about the extent and potential consequences of

global warming led to a United Nations conference on global warming at

Kyoto, Japan, in late 1997.  Prior to the conference, President Clinton had

proposed that the United States and other industrialized countries set a target

for reducing each country’s CO2 emissions to 1990 levels by 2010.  The

conference went well beyond that proposal, and when it ended the industrial-

ized nations had agreed to different targets for each country.  Some industrial-

ized nations would be allowed to increase CO2 emissions beyond 1990 levels,

while the U.S. would be required between 2008 and 2012 to reduce emissions

to 7 percent below 1990 levels.  Whether developing countries would have to

reduce emissions as their income rises is under negotiation.  The United States

and 83 other nations have signed the Kyoto accord, but only eight small

countries, none of them industrialized, have ratified it.  It would become a

binding treaty only if ratified by the industrialized nations responsible for at

least 55 percent of CO2 emissions in 1990.

As shown in Figure I, the U.S. Department of Energy has projected

that the CO2 emissions from the consumption of fossil fuels will increase more

than 30 percent in the industrialized countries and 45 percent in all countries

from 1990 to 2010.3  Thus compliance with a Kyoto treaty would substantially

reduce the expected use of fossil fuels from what could otherwise be expected.

However, lower fossil fuel prices resulting from reduced demand in the

United States and other industrialized countries would spur greater fuel con-

sumption in developing countries.  My analysis indicates that, as a result,

developing countries would consume nearly 12 percent of the fossil fuels the

industrialized countries conserved to comply with the Kyoto accord.  The net

effect of emission reductions would be to slow the growth of global CO2

emissions from the projected 45 percent to 30 percent between 1990 and

2010.4  Some analysts worry that compliance with the Kyoto accord would

impose drastic costs on the industrialized countries with little or no proven

benefit.  Others worry that the Kyoto targets are too modest to prevent costly

environmental problems.  These concerns raise two basic questions.

“The U.S. would be required
to reduce CO

2
 emissions to 7

percent below 1990 levels.”
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● What is the rationale for government intervention in markets to

reduce CO2 emissions?

● By how much does economic analysis suggest the United States
should reduce its CO2 emissions, and how do President Clinton’s

proposal and the Kyoto accord compare with what is optimal?

The first question can be answered with simple economic theory. The
second can be answered by combining estimates of the economic benefits of

reducing CO2 emissions with the opportunity costs of doing so.

Global Warming Theory
The theory of global warming holds that increased levels of atmo-

spheric CO2 are linked to generally rising temperatures around the world.5  To
better understand global warming, consider the greenhouse effect.  Sunlight
heats the earth, but the earth would be far cooler without atmospheric water

FIGURE I

Annual Carbon Emissions
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vapor and greenhouse gases.  The gases let sunlight through to warm the earth
but trap as infrared radiation some of the heat escaping back into space.  Thus
the gases act like the glass walls and ceiling of a greenhouse.

The effect of increasing the level of atmospheric greenhouse gases
mimics the effect of using thicker glass in the greenhouse: less heat escapes.
Some scientists believe that the CO2 released by human activities is enhancing
the greenhouse effect and contributing to an increase in the earth’s overall
temperature.  This increase is commonly called global warming.

Many scientists and others are concerned about global warming’s
potential effect on the environment.  Among the predicted consequences are
increased rainfall, melting polar ice caps, rising ocean levels, increased flood-
ing and widespread crop failure.  On the other hand, some scientists say the
net effect of any global warming could be beneficial, enhancing crop produc-
tion and reducing the onset of and death from some types of diseases.6

Scientists also disagree about the magnitude of the temperature change
and the contribution — if any — of human-caused CO2.

The Rationale for Restrictions
on the Use of Fossil Fuels

Nature contributes more than nine-tenths of all CO2 that enters the

atmosphere.7  The principal way people contribute to atmospheric CO2 is
through the consumption of carbon-based fuels.  These fuels include petro-
leum products, natural gas, coal and wood.  Jointly, the first three are often
identified as “fossil fuels.”

Deforestation, as trees are cut down for economic purposes, also

contributes to increased levels of atmospheric CO2.  Scientists estimate that

the world’s forests remove about one-third of the current CO2 emissions from
fossil fuels.  Thus large reductions in the world’s forests could significantly
increase the atmospheric levels of CO2, although recent reductions have had

little effect on atmospheric CO2 in comparison with the effects from fossil fuel
consumption.

The call for government action on global warming has arisen from the
concern that increasing consumption of carbon-based fuels will boost levels of
atmospheric CO2 and that the resulting warmer temperatures will harm hu-
mans and the environment.  Individually, consumers lack incentives to con-
sider the global side effects of increased fuel consumption.  Collectively,

individual actions could be contributing to greater emissions of CO2 than are
desirable from the perspective of human well-being, environmental health and
economic efficiency.

“Nature contributes more
than nine-tenths of all CO

2

that enters the atmosphere.”
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To some extent, the divergence between individual and global interests
could be seen in the Kyoto debates.  The representatives of each country

jockeyed for advantage and criticized the others for not doing enough.  The
debate has been exacerbated by the fact that reducing energy consumption on a
global scale yields gains for energy-importing countries, which will benefit
from lower fuel prices and be able to shift some of the costs of conservation to
the energy-exporting countries.

Evaluating Global Warming Policy:
A Cost-Benefit Approach

Cost-benefit analysis, as the name implies, is a comparison of the

estimated costs associated with an action with its estimated benefits.  Cost-
benefit analysis is useful in determining whether an action should be taken
and, if so, what action will produce the best results at the least cost.  Thus cost-
benefit analysis is vitally important in making decisions about whether and
how to reduce the impact of global warming (e.g., carbon taxes, mandatory
fuel rationing or conservation, subsidies to non-carbon-based energies or some

form of tradable emission quotas).

Estimating the Benefits of Reducing CO2 Emissions.  The expected

benefits of reducing CO2 emissions are the avoidance of the environmental

damages that might result from those emissions.  For example, fewer hurri-
canes mean less property damage; avoiding tidal flooding increases the value
of coastal property; less crop destruction translates into lower food prices;
fewer diseases mean lower health care costs.  An emerging literature attempts
to evaluate the economic costs associated with the potential environmental

damage associated with CO2 emissions.8  The analysts and researchers work-

ing in this endeavor use climate models to relate CO2 emissions to global

warming.  They then attempt to relate global warming to possible environmen-
tal consequences and to estimate the economic costs associated with those
consequences.  Obviously, the analysts and researchers must contend with
considerable uncertainty about the magnitude and direction of effect in each
step of the analysis.  That uncertainty is reflected in the analysis.

Comprehensive surveys of the emerging literature on the economic

cost of global warming suggest that the worldwide marginal benefit of reduc-
ing CO2 emissions in 2010 plausibly ranges from $0 to $300 per metric ton (in

1995 dollars).9  To put this into context, consuming a barrel of oil results in the
emission of 0.1133 metric tons of CO2, so the marginal benefit of reducing the

emissions from one barrel of oil plausibly ranges from $0 to $33.75.  Within
this $0 to $33.75 range, the literature sugests that the most likely range of
benefits (at a 95 percent confidence level) is 92 cents to $6.61 per barrel of oil

“The expected benefits of
reducing CO

2
 emissions are

the avoidance of the environ-
mental damages that might
result from those emissions.”
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equivalent, shown in Figure II.  The mean estimate is $2.86 per barrel of oil
equivalent.10

Given the considerable uncertainty about the benefits of reducing CO2

emissions, some analysts have suggested that making the reductions is compa-
rable to buying insurance.  The costs of reducing emissions are fairly well
known, but the benefits are not known and may not exist.

Estimating the Costs of Reducing CO2 Emissions.  The cost is
expressed in the forgone economic opportunities from using less fossil fuel.
Completing the cost-benefit analysis requires estimating the costs of reducing

FIGURE II

Estimated Benefits and Costs of CO2 Abatement
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CO2 emissions through the conservation of fossil fuels.  Following several

previous studies, estimates of marginal cost are obtained through the use of a

welfare-theoretic framework (a method for measuring the cost of deviating

from market efficiency) built on top of a simulation model of world energy

markets.11  The resulting estimates assume that all nations comply with the

treaty to the same extent as the United States.12

The first marginal cost curve, shown in Figure II, represents the mar-

ginal costs to the world of the U.S. fossil fuel conservation necessary to reduce

CO2 emissions.  Maximal economic well-being occurs at the level of CO2

abatement at which the marginal cost equals the marginal benefit (i.e., 65

million metric tons or $2.86 per barrel of oil equivalent).  A risk-neutral

approach equates marginal cost to the mean estimate of marginal benefit.13  An

extreme precautionary approach to avoiding the risk of global warming uses

the upper-bound estimate of the likely range as the measure of marginal

benefit.  As Figure II shows:

● The estimated marginal cost of CO2 abatement equals the mean

estimate of marginal benefit at about 14 percent (65 million metric

tons) of the level set by the Kyoto accord.14

● The estimated marginal cost of CO2 abatement equals the upper-

bound estimate of marginal benefit at about 45 percent (200 million

metric tons) of the level set by the Kyoto accord.

By comparison, both President Clinton’s earlier proposal to reduce

U.S. emissions to 1990 levels by 2010 and the Kyoto accord’s requirement

that the U.S. reduce emissions to 7 percent below the 1990 levels imply figures

substantially higher than what is optimal under either measure of marginal

benefits.

President Clinton’s proposal implies 384 million metric tons of CO2

abatement. At this level, the marginal cost is more than $16 per barrel of oil

equivalent, substantially more than the mean estimate of marginal benefits of

$2.86 per barrel of oil equivalent or the likely upper-bound estimate of $6.61.

U.S. compliance with the Kyoto accord would require an estimated 478

million metric tons of CO2 abatement in 2010.  If it all came from fossil fuel

conservation, the marginal cost would be nearly $25 per barrel of oil equiva-

lent.  The accord allows international trading in emission reduction credits and

allows offset credits for helping another nation reduce, limit or avoid emis-

sions.  U.S. officials expect to use offsets and credits to reduce the burden

from conservation of fossil fuels to 3 percent below 1990 levels. This implies

424 million metric tons of CO2 abatement from the conservation of fossil

fuels, at a marginal cost of just under $20 per barrel of oil equivalent.

“Only about 14 percent of the
emissions reduction the
Kyoto accord requires can be
cost-justified.”
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As can be seen from these estimates and from Figure II, the amount of

CO2 abatement that a Kyoto treaty would require from the United States is
well above the optimum.  The marginal benefit of emission reduction would
remain $2.86 per barrel of oil equivalent, but the marginal cost of compliance
would rise to $20 to $25, depending on whether the United States is able to
use offsets or credits.  Thus the marginal cost of compliance would be seven
to nine times the marginal benefit.  At the upper-bound benefit estimate of
$6.61 per barrel of oil equivalent, the marginal cost would be three to four
times the marginal benefit.

By my estimate, compliance with Kyoto would necessitate a reduction
of about 30 percent in U.S. fossil energy consumption below that projected for
2010 by the U.S. Department of Energy.  Non-fossil energy consumption
would rise slightly.  The net effect would be to reduce total U.S. energy
consumption about 25 percent below that projected for 2010 by the Depart-
ment of Energy.

To give an idea of the impact of a reduction of that magnitude, 26
percent of the total consumption of all fossil and non-fossil energy in the
United States in 1996 was for transportation, 36 percent for residential and
commercial use and 38 percent for industial and miscellaneous use.

Improved Terms of Trade.  If the United States and other developed
countries consumed less oil and natural gas, the prices of these fossil fuels
would drop.  As an importer of oil and natural gas, the United States would
benefit from lower prices for those two fuels and simultaneously would shift
some of the costs of its conservation to oil and natural gas exporters.  In
economics parlance, this shift of costs is known as “improved terms of trade.”

Because it can shift some of the costs of its oil and natural gas conser-
vation to other countries, the United States would incur a lower cost for
reducing CO2 emissions than would the world.  Some analysts would incorpo-
rate this cost shift into the analysis, and as shown in Figure III, the lower

marginal cost implies that a greater reduction in CO2 emissions would be
optimal.  Such a conclusion is flawed, however.  Optimality cannot be found
by equating the marginal benefit to the world with the marginal cost to the
United States.  This is like comparing apples to oranges.  Sound analysis
requires consistency in defining the incidence of costs and benefits.

Free Lunch: There Is No Such Thing.  A number of energy analysts
argue that the United States can cut its energy consumption by 25 percent and
achieve a cost saving at the same time.  The curve labeled “Free Lunch” in

Figure III shows that President Clinton’s pre-Kyoto target for reducing CO2

emissions would be very close to optimal if a free lunch did exist.  Some
analysts who consider this cost curve accurate and who favor the extreme

“The net effect of compliance
would be to reduce total U.S.
energy consumption by about
25 percent below the amount
that would otherwise occur.”
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precautionary approach to reducing CO2 emissions have criticized the

president’s target as too conservative.  As shown in Figure III, reducing CO2

emissions from fossil fuels to 3 percent below 1990 levels would have a

marginal cost that is above the mean estimate of marginal benefit but below

the likely upper bound.

Analysts who believe in the free lunch use conceptually flawed studies

to support their claims.15 Also they are unable to explain why a free market

would leave such cost saving on the table rather than adopt conservation

measures without government prodding.  Instead, they offer vague explana-

tions of market barriers including inappropriate lifestyle choices and demand

government regulation to reduce what they see as wasteful use of energy.16

FIGURE III

Estimated Benefits and Costs of
CO2 Abatement — Free Lunch Scenario

Source:  Author's estimates.
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Hidden Costs of Policy.  Economic policy often carries costs that are
not captured by traditional welfare-theoretic measures.  Regulatory ineffi-
ciency is one way costs can escalate.  When regulation instead of broad
market incentives such as taxes is used, the lowest-cost methods of energy
conservation can be ignored.

Interference in free trade is another way policies to reduce CO2 emis-
sions can have hidden costs.  Broad programs of energy conservation permit
energy-importing countries to improve their terms of trade with energy-
exporting countries — a fact that has not been lost on the Organization of
Petroleum Exporting Countries.  The countries that are the most dependent on
imported energy have been the most aggressive in promoting global coopera-
tion to reduce CO2 emissions.  More self-sufficient countries, such as the
United States, have been more reluctant to participate.  Within the United
States, energy conservation has a decided tilt toward the conservation of oil,
the fuel for which we are most import-dependent.

Rent-seeking behavior — using government to gain what could not be
obtained in a free market — is a third source of hidden costs.  Changes in
policy create winners and losers.  Both groups have an incentive to expend
real resources to achieve their objectives by influencing the political process,
which can add sizable costs to policy.

A method for estimating the costs of rent-seeking behavior was first
suggested by economist Gordon Tullock.17   Using his approach, I estimate the
potential hidden costs of policy, which captures only the costs of rent-seeking
behavior.  As shown in Figure IV, these costs can be sizable.  With the hidden
costs incorporated, the marginal cost of reducing U.S. CO2 emissions is more
than $30 per barrel of oil equivalent at zero abatement and more than $80 at
full compliance with the Kyoto accord.  If the potential for hidden costs were
taken seriously, the cost of reducing CO2 emissions would greatly outweigh its
benefits at any level of attainment.

Aggregate Economic
Consequences for the United States

In terms of forgone economic opportunities, the energy conservation
associated with CO2 abatement is equivalent to increasing the price of energy
and potentially slowing economic growth.  Most economists agree that gross
domestic product is a poor way to measure economic well-being, particularly
when evaluating environmental policy.  Nevertheless, slower economic
growth would subject fiscal and monetary authorities to significant political
pressure to offset the slowdown.  Yielding to that pressure could lead to
higher inflation.

“The energy conservation
required is equivalent to
increasing the price of energy
and potentially slowing
economic growth.”
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As shown in Figure V, the effect on aggregate economic activity in the
United States depends on the amount of CO2 abatement.18

● The amount of energy conservation required to reduce 2010 CO2

emissions to the 1990 level (President Clinton’s original proposed
target) would imply that U.S. GDP would be 2.7 percent to 3.7
percent lower in 2010 than it would otherwise be, representing an
aggregate loss of $247.6 billion to $339.4 billion (in 1992 dollars)
or $829 to $1,135 per capita.

● Without any offsets or credits, reducing emissions to 7 percent
below 1990 levels in compliance with the Kyoto accord would
imply that U.S. GDP would be 3.6 percent to 5.1 percent lower in
2010, representing a loss of $330.2 billion to $467.8 billion or
$1,105 to $1,565 per capita.

FIGURE IV

Estimated Benefits and Costs of CO2
Abatement Including Hidden Costs
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● Even assuming the United States could use offsets and credits,
compliance with the Kyoto accord would imply a U.S. GDP 3
percent to 4.3 percent lower in 2010, representing a loss of $275.2
billion to $394.4 billion or $921 to $1,320 per capita.

● These estimates imply that if the United States embarked on a 10-
year program to achieve compliance with a Kyoto treaty, U.S.
GDP growth would be 0.3 percent to 0.4 percent — from $27.5
billion to $36.7 billion — lower per year.

Conclusions
Various facts partially support global warming theory.  More evidence

is needed to determine whether rising atmospheric levels of CO2 resulting
from the use of carbon-based fuels is causing global warming.  Nevertheless,
most scientists who study the issue think the use of fossil fuels contributes to

FIGURE V

U.S. CO2 Abatement and GDP Losses

Source:  Author's estimates.
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the global warming that appears to be occurring.  Still, considerable uncer-
tainty remains about both the magnitude and the environmental consequences
of global warming.

Given the uncertainty, reducing CO2 emissions is like purchasing
insurance against global warming and its possible environmental conse-
quences.  Under most current proposals, the industrialized nations would buy
all or most of the insurance.  Developing nations would possibly be asked to
contribute only when their income levels rose.

Cost-benefit analysis suggests that reducing U.S. emissions of CO2 to
comply with the Kyoto accord or to reach the more modest target proposed by
President Clinton represents too much insurance.  Analyses for the other
industrialized countries yield similar results.  It is not surprising, therefore, that
the Kyoto accord remains unratified.

NOTE:  The views expressed here are those of the author.  Nothing written
here should be construed as necessarily reflecting the views of the Federal
Reserve Bank of Dallas, the Federal Reserve System or the National Center for
Policy Analysis, or as an attempt to aid or hinder the passage of any bill before
Congress.

“Cost-benefit analysis
suggests that the require-
ments of the treaty represent
too much insurance against
global warming.”
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Limitations and Assumptions of DOE’s Five-Lab Study,” GAO, Washington, D.C., September 1998.
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