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FOREWORD

Taxing carbon dioxide emissions may be an idea
whose time is at hand in the United States, now that
reducing greenhouse gas emissions has become an
international imperative. Such consequences of fossil
fuel use as smog and acid rain—and their impacts on
forests, crops, lakes, and the air we breathe—have
been evident for many years. But the argument for
carbon taxes is a relatively new one: that they repre-
sent the most promising solution to one of society's
biggest problems, accelerated climate change.

Some 150 nations, including the United States,
signed the climate treaty that was the centerpiece of
the Rio Earth Summit, agreeing to begin taking steps
aimed at controlling greenhouse gas emissions. Car-
bon dioxide—the leading greenhouse gas and an in-
evitable by-product of fossil fuel burning—is a prime
target for reductions if the greenhouse threat is to be
defused.

Make no mistake about it, the threat is real. For
scientists, the question is no longer whether the
earth will heat up, but how much it will heat up,
and how soon. The latest estimate by the Inter-
governmental Panel on Climate Change is that the
global average temperature will rise by from 1.5 to 3
degrees Centigrade over 1900 levels by the middle
of the next century. That may not sound like much,
but a few degrees can spell enormous change: during
the depths of the last ice age, for instance, the earth
was only 5 degrees Centigrade colder than it is now.
Temperatures at the midlatitudes are expected to rise
about twice as much as the global average tempera-
ture does. Together with declining rainfall, this could
bring dust-bowl conditions to the American Great
Plains and some Eurasian farmlands. The expected
48-centimeter rise in sea levels would devastate low-
lying coasts and islands, especially if tropical storms
become more fearsome in a climate-altered world.
All these changes may outpace the ability of species
to move to new habitats or adapt to changing condi-
tions, exacerbating the species extinction crisis al-
ready in progress.

In The Right Climate for Carbon Taxes: Creat-
ing Economic Incentives to Protect the Atmosphere,

Roger C. Dower, director of WRI's program on cli-
mate, energy, and pollution, and Mary Beth Zimmer-
man, program manager at the Alliance to Save Ener-
gy, make a compelling case for using carbon taxes to
meet the goals implied by the climate treaty. They
maintain that carbon taxes are the least costly way to
encourage carbon dioxide reductions from the econ-
omy. By forcing energy prices to reflect the risks of
climate change, carbon taxes would create economic
incentives to use less-carbon-intensive fuels and
products. Properly set, carbon taxes would encour-
age the cheapest reductions first and ensure that
reductions are achieved as cost-effectively as possi-
ble. Compared to alternative approaches, carbon tax-
es are comprehensive and flexible, allowing the mar-
ket to chose where and how reductions will occur.
Moreover, carbon taxes would spur technological in-
novations in the way energy is used and supplied.

Mr. Dower and Ms. Zimmerman argue that car-
bon taxes would benefit the U.S. economy as a
whole if adopted as part of an overall shift of the tax
burden toward things we want to discourage, such
as pollution, and away from things we want to en-
courage, such as work and savings. Carbon taxes
would mean that some energy prices would rise, but
the authors detail ways to cushion the added ex-
pense. For businesses, higher energy prices could be
partly offset, for example, by higher investment tax
credits. A higher earned-income tax credit could help
balance things out for low-income working families.
Equity for regional dislocations could be built in by
earmarking part of the carbon tax revenues for state
grants to provide retraining programs for dislocated
workers. Phasing in such a tax over a period of years
would give producers and consumers time to adapt
to higher prices.

The Right Climate for Carbon Taxes is the latest
in the World Resources Institute's continuing series
of reports on climate, energy, and pollution policies.
This report's recommendations extend those of such
previous WRI studies as The Going Rate: What it
Really Costs to Drive; Driving Forces: Motor Vehicle
Trends and their Implications for Global Warming,
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I. INTRODUCTION

International concern over the potential for car-
bon dioxide and other "greenhouse gas" emissions
to change the world's climate has generated national
and international debate over the most appropriate
policy responses for reducing these emissions. In
particular, countries are searching for emission-
reduction tools that are cost-effective, consistent
with continued economic growth, and equitable with
respect to both costs and benefits.

Any number of studies have shown that a pollu-
tion tax on carbon dioxide, a "carbon tax," is the
most cost-effective means of reducing carbon diox-
ide emissions, the major greenhouse gas.1 But the
United States and many other countries have resisted
pollution taxes in general, and carbon taxes in partic-
ular, as environmental policy tools. Much of this reti-
cence stems from the alleged impacts of a tax-based
pollution control strategy—in the case of a carbon
tax, slower national economic growth, reduced inter-
national competitiveness, and a disproportionate bur-
den on certain income groups and regions.

In fact, virtually all of the basic approaches to
controlling CO2 emissions entail economic costs and
make some people or regions better off than others.
Certainly, any effective CCyreduction program will
raise the price of goods and services produced from
carbon-based fuels. Like carbon taxes, regulatory
strategies (often called "command and control" poli-
cies), and pollution permits for carbon emissions can
reduce economic output and generate regional and
income disparities.2 These effects may be harder to
trace in a regulation or permit system than in the
case of carbon taxes, but they are no less real.

Compared to alternative approaches, however,
carbon taxes have several clear economic benefits. In
particular:

• Carbon taxes offer a practical and administra-
tively manageable means of encouraging a "least
cost" approach to achieving any given level of
reduction in carbon dioxide emissions. Compared to

regulatory alternatives, they could save significant
economic resources.

• A portion of the revenues generated by a car-
bon tax can be returned to the economy by lower
ing other taxes, providing net gains for the U.S.
economy; and

• Some of the revenues from a carbon tax can
also be used to compensate groups adversely af-
fected by the tax.

Of course, dollars diverted to compensation pro-
grams may not be available to finance tax reform in-
itiatives, and desires for economic efficiency must be
balanced against those for fairness or equity. In the
end, how tax revenues are allocated between the
competing goals is a political call. Nevertheless,
researchers can and should narrow the range of
choices. Current economic modelling work helps
policy-makers grasp the economic implications of
recycling a large part of the revenues from a carbon
tax and leaving the rest for other programs. In the fu-
ture, a better understanding of how various alloca-
tions would affect various states could help build a
firmer policy foundation and make it easier to deter-
mine the size and allocation formula for a block-grant
scheme.

All the economic merits of a pollution or carbon
tax notwithstanding, political barriers impede their im-
plementation. The public is leery of new taxes. But
pollsters' findings that the American public is willing
to pay more for environmental protection imply that
a pollution tax might be more politically acceptable
than other types of taxes. A pollution tax that offsets
other taxes would presumably be even more tolerable.

The biggest hurdle to more sensible tax policy is
an underlying distrust of the system. The public does
not believe that the government will raise one set of
taxes only to lower another. Instead, it expects that
any increase will result in more net spending. Any
pollution tax strategy must be accompanied by poli-
cy initiatives for addressing this suspicion.



II. WHY TAX CARBON?

The combustion of fossil fuels to power homes,
factories, businesses, cars, and trucks results in the
discharge of a wide array of pollutants into our en-
vironment. While several of the pollutants from the
burning of fossil fuels—among them, sulfur dioxide
(SO2), volatile organic compounds, particulates, and
nitrogen oxides (NOJ—are regulated by federal,
state, and local governments, one major pollutant,
carbon dioxide (CO2), remains unconstrained. Man-
made emissions of carbon dioxide are the leading
cause of the build-up of greenhouse gas emissions,
which trap heat and intensify the natural greenhouse
effect, and may warm Earth's atmosphere. (In the
United States, most of the carbon dioxide, some 1.5
billion U.S. tons of carbon per year, is released when
fossil fuels are burned.)

The carbon contained in carbon dioxide emis-
sions is not a conventional pollutant. It is not as-
sociated with immediate effects on health and the
environment, and the full environmental impacts of
CO2 emissions take decades to unfold. But while
scientists continue to debate the timing and degree
of risk posed by global warming, consensus is
solidifying on the likelihood of average global tem-
peratures increasing as atmospheric concentrations of
greenhouse gases rise.

The potential environmental and health impacts
of rapidly rising global temperatures are the subject
of significant current research and discussion. But
what is already clear is that the environmental risks
are potentially large and diverse. The local physical
effects of increasing temperatures might include
coastal erosion due to sea level rise or drought due
to changing weather patterns. The ecological effects
may include the loss of wetlands and numerous
species or, if their ability to adapt fails to keep pace
with rapidly moving climate zones, even entire
ecosystems.3 On the other hand, moderate levels of
warming may entail some beneficial environmental
impacts. No boons should be anticipated, but, for
example, crop yields for certain plant varieties
might increase as a result of increased CO2

fertilization.

All of these changes ultimately have economic and
political ramifications as well. Even if, for example,
efforts are made to adapt to changing climate by
building coastal defenses, the costs associated with
the loss of agricultural and fisheries harvest, coastal-
based tourism, and other economic activities, as well
as the need for new water supply and drainage sys-
tems and so on, may well remain. Then too, many
of the world's poorest people live on coastal or mar-
ginally productive lands and could be forced to
migrate, perhaps triggering economic and political
instabilities.

Without policy intervention, carbon di-
oxide emissions are expected to grow
both in the United States and worldwide
due to population growth, economic
growth, and increased reliance on coal.

Without policy intervention, carbon dioxide
emissions are expected to grow both in the United
States and worldwide due to population growth, eco-
nomic growth, and increased reliance on coal.4 This
result is common to many long-term energy forecasts
or projections. For example, the National Energy
Strategy estimates that, in the absence of policy
changes, energy use in the United States will increase
by 64 percent by 2030. Coal, which now accounts
for 22 percent of total energy use will increase to 38
percent of total energy use in 2030. This trend is
even more pronounced for other regions of the
world. Scientists warn that avoiding unprecedented
rates of climate change requires a reversal of this up-
ward trend. The 1988 Toronto Conference suggested
reducing carbon dioxide emissions by roughly 20
percent from current levels within a decade and
making larger reductions thereafter.5



WHAT IS A CARBON TAX?

Any serious effort to reduce atmospheric con-
centrations of greenhouse gases will involve reducing
CO2 emissions.6 This is not a simple problem. Car-
bon dioxide is emitted from millions of individual
sources, ranging from cars and trucks to huge elec-
tric utilities. For each source, there are likely to be
several alternatives for reducing CO2 emissions.
Fossil-fuel use is affected by consumer choices about
how much heat, light, and other energy services
they want to consume, how efficient their appliances
are, and which type of energy their appliances use.
Consumers also choose which non-energy goods and
services they want to buy, and since some of these
goods require more energy than others to make,
they indirectly influence how much energy is used
in manufacturing. For their part, manufacturers can
typically choose whether to use relatively more labor
and capital or relatively more energy in production,
and they too can choose among energy types. Elec-
tric utilities can choose which fuels to use in generat-
ing power and, in many states, can also choose to
buy or subsidize energy-efficient products for their
consumers rather than to generate more power. Still
another variable is whether consumers, manufac-
tures, and utilities will replace their energy-using
equipment if energy prices change or wait until they
have to buy new equipment anyway. Cars can be
driven less, driven more efficiently, or designed
more efficiently. Industries that emit CO2 can use
less coal and more natural gas, invest in energy effi-
ciency programs, change their mix of products, or
do all three. Each of these options and opportunities
is likely to have different costs. From an economic
perspective, the public policy problem, simply
stated, is how to induce responses like that at the
lowest cost possible.

There are three basic approaches available to
governments to encourage CO2 reductions. Under
the traditional approach to pollution control, emis-
sions levels for each source would be set administra-
tively, as would the means and strategies for achiev-
ing specified reductions. Such "command and
control" or regulatory programs dictate the range of
choices and decisions concerning carbon reductions
that producers and consumers can make. To cost-
effectively prompt CO2 reductions, administrative

agencies would have to identify each source of CO2

emissions, identify the least expensive way for each
source to limit their emissions, and then monitor
how well each source meets the requirements. For
example, a regulatory control program for CO2 might
set automobile-efficiency standards, energy-efficiency
standards for appliances, fuel-use requirements for
electric utilities, and so on. Under this system, there
is little incentive for any particular source to seek al-
ternative, perhaps less expensive, ways of controlling
their emissions of CO2 once the requirements have
been stipulated. Their performance is judged by their
ability to meet the standards set by the administra-
tive agency. The informational needs of a command-
and-control approach to CO2 reductions are huge
and the analytical prerequisites—that is, knowing in
advance the least costly way for each source to re-
duce its emissions—are substantial.

Under a 'command and control' system,
there is little incentive for any particu-
lar source to seek alternative, perhaps
less expensive, ways of controlling their
emissions ofCO2 once the requirements
have been stipulated.

The other two approaches to controlling carbon
dioxide emissions rely more on economic incentives
to encourage reductions and less on administrative
requirements. Of these, one would be to impose a
tax on the carbon content of fossil fuels. (See Box 1.)
This approach to lowering CO2 emissions can offer
notable advantages over the traditional regulatory ap-
proach to pollution control.7 By increasing the price
of fossil fuels to reflect their contribution to the risks
of climate change, carbon taxes create an economic
incentive for each source of CO2 to seek out reduc-
tion alternatives. In particular, once an overall level
of desired emission reductions is set and the tax re-
quired to achieve those reductions is in place, gov-
ernments need not set an emission level and control
option for each and every source of CO2. With a car-
bon tax, many of the administrative costs of trying



to set the rules and standards for compliance are
avoided, and a structure that minimizes the cost to
the economy as a whole of achieving a CO2 target is
created.

The mechanics of a carbon tax are rather
straightforward. As typically defined, the tax is levied
on different fuels according to their carbon content,
which is equivalent, in general, to their potential for
emitting carbon dioxide when burned. A carbon tax
would fall more heavily on coal than oil, which in
turn would be taxed more than natural gas. To be
most effective, the tax would be applied at the point
that the fuel enters the economy—at the wellhead
for natural gas, the minemouth for coal, and the well
or dockside for oil. Under this scheme, taxing carbon
early in the production chain allows policy-makers

to influence all decisions concerning fossil fuel
use.8

The third basic tactic for CO2 reductions in-
volves the use of marketable CO2 emission permits.
Essentially, a marketable permit system would set the
quantity of CO2 emissions that could be released in
any given year. Permits for this amount would be al-
located to producers and consumers. They, in turn,
would be free to buy and sell the permits among
themselves. Unlike a carbon tax, a marketable per-
mits system sets the quantity of emissions—not their
price. The net economic effect can be similar, how-
ever. Utilities and other companies that can reduce
their CO2 emissions cheaply would find it in their
economic interest to do so, rather than pay for emis-
sion permits. Alternatively, CO2 emitters facing high

BOX 1: DEFINING A CARBON TAX

As defined here, a carbon tax is an excise tax on
the producers of raw fossil fuels (sometimes called
primary energy) based on the relative carbon content
of the fuels. It is not a true emissions tax insofar as it
is not pegged to the actual level of CO. emitted from
a given source. Carbon taxes are. however, propor-
tional to CO2 emissions when fuel is burned if no
cost-effective method of reducing CO., emissions
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* (units are represented as 1 ()-« lbs per Btu)

from these gases is available. (Sec Table 1.) (Coal is
the most carbon-intensive fuel per unit of heat
released, followed by crude oil and then natural gas.)

Carbon taxes would appear to consumers and
manufacturers as energy price increases. Rut since
taxes would be levied on primary energy, which
represents only one part of the cost of delivered
energy (such as gasoline or electricity), and. more
important, since one fuel can in many cases be sub-
stituted for another, overall price increases may not
be jolting. Consumers can respond to new prices by
reducing energy use and buying fewer carbon-
intenshe products (those, for instance, that require
great amounts of carbon-based fuels to produce). In
addition, some of these savings could be used to buy
other less carbon-intensive goods and services.

Clearly, a carbon tax creates an incentive for
producers and consumers to avoid paying the tax by
reducing their use of carbon-intensive fuels. Contrary
to other taxed kenus and activities, this avoidance
has social benefits—reduced energy use and reduced
CO,, emissions. Thus, declining revenues over time
indicate policy success—just the opposite of what
happens when tax policy seeks to maintain steady or
increasing revenues.



control costs would find it cheaper to buy the per-
mits. A variant on a full marketable permits system
for CO2 has been proposed by Representatives Jim
Cooper and Mike Synar. (See Box 2.)9

COMPARING CARBON TAXES TO
OTHER CO2CONTROL MECHANISMS

The relative cost-effectiveness of an alternative
CO2-reduction mechanism depends heavily on how
comprehensive it is vis-a-vis carbon sources and how
flexible it is vis-a-vis the selection of the least expen-
sive emissions reductions. These two factors are im-
portant for any pollution-control strategy, but espe-
cially so for a defense against carbon dioxide
build-up because the individual contributing sources
of CO2 are so numerous. Taxes and marketable per-
mits rely on flexible and diverse market responses to
reduce emissions. As a result, the least costly reduc-
tions are usually undertaken first. By contrast, regula-
tions (such as fuel-use requirements) dictate choices

or at least minimum choices that might not other-
wise be made in the market.10 Because they do not
give producers and consumers much flexibility to
adopt alternative control options, regulations rarely
help industries identify the most inexpensive reduc-
tions. Further, regulations are unlikely to be compre-
hensive: in the case of CO2 emission sources, for ex-
ample, the regulatory structure would have to be
overwhelmingly complex to cover all fossil fuel uses.

The potential cost savings of economic-based
CO2 control strategies, compared to those possible
with command-and-control approaches, are likely to
be significant. Past attempts to project the savings
from proposed economic incentives suggest that
command-and-control methods might cost 100 per-
cent more than the most cost-effective tactic. Actual
savings, of course, may be lower simply because no
incentive scheme is perfectly designed or applied.

There is not yet a firm basis for empirically as-
sessing the cost savings from using a carbon tax to
reduce CO2 instead of a traditional regulatory

BOX 2: THE COPE PROPOSAL

Representatives Jim Cooper and Mike Synar have
introduced legislation designed to limit U.S. emis-
sions of carbon dioxide. The CO2 Offsets Policy Effi-
ciency Act of 1991 (COPH.i (H.R.2663) establishes an
"emissions trading" framework under which new
sources of carbon dioxide have to be offset by
reductions in greenhouse emissions elsewhere in the
economy. In essence, each new ton of CO, emitted
must, under this act, be offset by a comparable
reduction in CO2 from another source.

COPE's reach and impact depends on several fac-
tors. First, COPE applies only to new sources of CO..,
though it does require that all existing utility boilers
obtain offsets as they turn (iS years old. CO2 reduc-
tions are therefore likely to occur later under COPE
than they would under a carbon tax. Second. COPE
addresses only emissions from sources that generate
more than 100,000 tons of CO, per year, so the initial
scope of the proposal is more limited than thai typi-
cally associated with a carbon tax—an impediment to
generating the lowest-cost CO2 reductions.

The legislation also defines a broad set of
sources or categories of greenhouse gases that can be

used as CO2 offsets. While EPA could add or sub-
tract, examples from the initial legislative list illus-
trate the kinds of offsets permissible:

• fuel switching from high-carbon to low-carbon
fuels

• carbon sequestration from tree-planting
programs

• improved motor-vehicle efficiency
• improved appliance efficiency

• methane recovery from landfills or coal mines

• increased generating efficiency and destruction
of CFCs.

Under guidelines and counting rules that EPA
will establish, new sources of COj could pursue any
of these activities to meet offset requirements. Many
of these means of reducing CO-, emissions would be
encouraged by a carbon tax. though few carbon lax
proposals have explicitly included offsets or deduc-
tions from the tax for tree planting or for reducing
methane or CFCs." Including potential offsets would
certainly broaden the base for cost-effective carbon
reduction.



approach. (All of the cost studies conducted to date
assume that a carbon tax is the control strategy.)
Nevertheless, the studies reviewed by Tom Tieten-
berg of Colby College suggest substantial potential.12

Under ideal circumstances, both carbon taxes
and marketable permits would reduce CO2 by the
same amount at the same cost. But, as applied to
CO2 emission reduction, taxes may offer significant
advantages over control strategies that focus on
quantity rather than the price of emissions. Compre-
hensiveness and flexibility are two. But, three
others—administrative costs, certainty of reductions,
and adjustment costs—are equally important.13

Comprehensiveness
If a carbon tax were applied to each fuel at its

point of production or importation into the United
States, it would influence most of the fuel choices of
producers and consumers of carbon-based fuels. If
imported energy-intensive goods were also taxed ac-
cording to roughly how much carbon was involved
in their production, the tax's coverage would be
even more comprehensive. The tax would initially
fall, however, on the comparatively few economic
actors involved at this early stage in energy
production.

A permit system could also be imposed at the
point of fuel production or the fuels' entry into the
economy. But permit systems limited to particular
fuels or sectors could actually increase emissions
from uncontrolled fuels or sectors since reducing de-
mand for fuels in controlled sectors tends to lower
fuel prices in uncontrolled sectors even as permit
costs make them higher in the controlled sector. A
permit system might also be difficult to extend to
cover imports.

Flexibility
Unlike most regulatory programs, permit systems

and pollution taxes can both be adapted to changing
market conditions, and both allow the least expen-
sive reduction options to be undertaken first (pro-
vided that they achieve complete coverage of the
different CO2 sources.) A carbon tax, however, could
have one advantage here over a permit system. Spe-
cifically, it may be easier to adjust the level of the
tax (and, thus, emission reductions) to new informa-
tion on costs and benefits. With a carbon tax,

increasing the level of control involves raising the
carbon tax rate. For a permit system, it involves
reducing the number of permits available or the
amount of emissions covered by each permit-
potentially much more difficult politically. Once allo-
cated, permits will be viewed as a form of wealth or
private property, and reducing the emissions allowed
under each permit would reduce the value of the
permits.

Administrative Costs
The cost-effectiveness of any market-based ap-

proach to controlling CO2 emissions can be eroded if
administrative costs are too high. Certainly, a carbon
tax would entail a new collection burden for tax
authorities, but entirely new entities would not be
needed to impose, implement, or enforce the tax
code changes. Indeed, virtually all of the data
needed on fossil fuel consumption for tax purposes
is already collected by various agencies. A permit
system, in contrast, would require the development
of a new market in CO2 permits. (A market for SO2

permits covering some of the same emission sources
as CO2 is already developing under the Clean Air Act
Amendments of 1990. For CO2 permits, however,
the market would involve a much larger number of
entities if the system is to be comprehensive.) New
enforcement authorities and mechanisms would also
have to be developed.

A carbon tax would entail a new collec-
tion burden for tax authorities, but en-
tirely new entities would not be needed
to impose, implement, or enforce the tax
code changes. Virtually all of the data
needed on fossil fuel consumption for
tax purposes is already collected by var-
ious agencies.

•
Certainty of Reductions

Comprehensive regulatory and permit systems
create relative certainty concerning the ultimate level



of emissions reductions. Setting specific emissions-
reduction targets and—in the case of a marketable
permit strategy—fixing the number of permits allows
officials to fix the amount of emissions generated,
even if underlying political or economic conditions
change. In contrast, a carbon tax fixes the price and
lets the quantity of emissions change as producers
and consumers adjust to the new price.

Does the relative uncertainty of emission reduc-
tions associated with a tax favor a marketable permit
type approach to CO2 reductions, as some analysts
suggest? In the context of dealing with climate
change risks, the trade-off between lower control
costs and somewhat less certainty over year-to-year
CO2 emission levels can be justified. Neither the
costs nor the benefits of reducing human-caused cli-
mate change can be calculated with certainty. Typi-
cally, economists argue that taxes make more sense
than alternative control strategies that directly limit
pollution levels when the potential economic risks
are high (if also uncertain) compared to the environ-
mental risks. Conversely, controlling quantities of
pollution makes more sense when the potential en-
vironmental risks (even if uncertain) are greater com-
pared to the economic costs. According to this logic,
policies appropriate for highly toxic or acutely dan-
gerous environmental contaminants may not be as
reasonable in efforts to minimize climate change.

The risks of climate change are real, but they are
not as immediate as the potential costs of control.
Yet, economic risks have to be accepted today to
avoid potentially significant environmental risks in
the future. Prudent public policy dictates a control
strategy with near-term economic risks that can be
easily managed.14

With tax-based mitigation programs, the econom-
ic costs of CO2 reductions can be minimized. This
tack would mean greater uncertainty in the short term
over the ultimate environmental outcome, but it
would not preclude switching course if additional in-
formation that alters the relative importance of the
costs and benefits of climate change becomes available.

Adjustment Costs
All of the CO2-reduction strategies give rise to

economic inefficiencies as producers and consumers
adjust to changing prices. A regulatory reduction
strategy is likely to have the largest adjustment costs

because it is rigid and because response opportuni-
ties are fewer. A carbon tax or permit system would
have similar adjustment costs if they were similarly
comprehensive. But because a permit system is
quantity-based, the permit price may fluctuate over
time, possibly requiring multiple new adjustments.
Uncertain prices can themselves add to the overall
cost of emission reductions. With a carbon tax, emis-
sion quantities may fluctuate within a general down-
ward trend, as noted, but the overall price certainty
can help the economy adjust to the controls by
sending consistent signals to producers and con-
sumers. (The possible range adjustment costs asso-
ciated with a carbon tax are discussed in the next
section. There are no comparable estimates for
regulatory or permit-based systems.)

CARBON TAXES AND
OPPORTUNITIES FOR TAX REFORM

The economic advantages of carbon taxes, as
compared to both command-and-control responses
to climate change and to marketable permits, are
substantial. But the relative cost of control is not the
only advantage. The revenues produced by a carbon
tax could have a much broader impact on our eco-
nomic well-being: carbon taxes and other pollution
taxes offer a basis for reforming our current tax sys-
tem. Carbon tax revenues can be used to shift the
economic burden of our current tax to encourage
"goods," such as investments in capital and labor,
and to discourage "bads," such as air pollution,
thereby promoting longer-term economic growth
and a healthier economy.15

Taxes allow for the provision of public services
by shifting production from private to public goods.
By changing the relative prices paid by consumers
and producers, they also change the way resources
are used.16 When the income from investment in
new capital is taxed, for instance, less capital will be
used to produce goods and services and, as a result,
productivity will fall. The same is true of taxes on la-
bor income. The loss in output of goods and ser-
vices that results is referred to as the distortionary
impact of the tax or its "deadweight loss." Because
of this phenomenon, for every dollar raised in tax
revenues, more than a dollar's worth of private
production is lost.



The size of the deadweight loss varies, depend-
ing upon what is being taxed (capital, labor,
resources, final goods, etc.) and the marginal tax
rate. In general, deadweight loss increases as the
marginal tax rate rises. Even after the tax reforms of
1986, the average cost to the economy was an esti-
mated 18 cents for every dollar of tax revenue
raised.17 Thus, if this estimate were applicable to fed-
eral tax revenues in 1990, which totalled roughly 1.1
trillion dollars from all sources, the loss in economic
efficiency in 1990 from the existing tax system was
around $200 billion dollars. Of course, the total eco-
nomic loss would be even greater if state tax reve-
nues—some $800 billion in 1990—were also includ-
ed from personal and corporate income taxes,
indirect business taxes, and payroll taxes.18

As might be expected, and as Table 2 shows, the
marginal costs of raising each new dollar by taxing
conventional "goods" are much higher than the
average burden across all dollars raised. While the es-
timates of efficiency loss vary according to the as-
sumptions reflected in the various models and the
model structure, they tell a similar story. Each addi-
tional dollar from all tax sources costs the economy
anywhere from 21 cents to 46 cents, according to
these results. The largest burdens appear to result
from taxes on capital and corporate or individual in-
comes. Jorgenson and Yun estimate that for every
additional dollar raised through capital income taxes,
the economy loses 92 cents in lost economic
productivity.

Table 2 makes a compelling economic case for
reforming the tax system to take advantage of the
lower deadweight loss of different tax bases. For ex-
ample, raising one dollar less from capital income
taxes and replacing it with a dollar from a sales tax
would save the economy 57 cents. (As discussed in
Section 3, tax choices also raise income distribution
issues.)

When the revenues generated by a pollution tax
are used to reduce the marginal tax rates on capital,
labor, and other resources, the deadweight loss from
these taxes is also reduced. For this reason, a carbon
tax can be viewed as eliminating an existing distor-
tion rather than creating a new one. Although any
pollution option will result in shifts in how resources
are used, which may in time reduce economic per-
formance, the opportunity to reduce other tax rates

Table 2. Estimated Loss in Economic Efficiency from
Alternative Forms of Taxation

Taxes
All Taxes

Corporate Income Taxes
Capital Income Taxes,

Individual and Corporate
Property Taxes
Labor Income Tax

Sales Tax

Individual Income Tax

Marginal
0.460
0.838
0.924

0.174

0.482

0.256
0.598

Average
0.212
0.614

0.674

0.158

0.295
0.228

0.333

Source: Jorgenson, Dale W. and Kun-Young Yun.
"The Excess Burden of Taxation in the U.S.," HIER
Discussion Paper No. 1528, Harvard University, Cam-
bridge, MA, November 1990.

creates a countervailing tendency to increase eco-
nomic growth. Because current marginal tax rates on
capital and labor income are very high (on the order
of 30 percent) relative to taxes on raw materials
(such as fossil fuels), at least for a moderate level of a
carbon tax the overall effect on GNP will probably
be positive.

The actual dollar gain to the economy of reform-
ing the tax system by substituting a carbon tax for
some portion of existing tax depends on how big
the tax offset is and on which tax or taxes are
reduced. The revenue implications of a carbon tax
designed to merely stabilize CO2 emissions suggest
that the benefit could be substantial. If, for example,
$35 billion in carbon tax revenues were used to re-
duce corporate income taxes by the same amount,
the economy would be better off by between $23
billion and $32 billion.19

An increasing number of carbon tax studies
(many of which are reviewed in the next section)
show the economic benefits of reducing the burden
of our tax system. Yet, many analysts also argue that
the potential tax-reform benefits of pollution taxes
should not be included in an assessment of carbon
tax policies and that a carbon tax must be fully justi-
fied on the basis of environmental risk alone.20 Their
point is that the uses to which the revenues of the



The fact that pollution taxes can form
the basis for tax reform benefits is a
major comparative advantage.

e
tax could be put and the economic benefits of doing
so constitute a separate policy issue. But to ignore
the economic implications of how the potentially sig-
nificant revenues generated by a carbon tax are used
is to provide a less than complete picture of the eco-
nomic and environmental characteristics of a carbon
tax strategy. Indeed, the fact that pollution taxes can
form the basis for tax reform benefits is a major
comparative advantage.21

SETTING THE RIGHT LEVEL OF
A CARBON TAX

The higher the cost of fossil fuels, the less they
will be used to produce goods and services, and the
less carbon dioxide will be released into the at-
mosphere as a result. But how much reduction is
enough? How big should a carbon tax be? If en-
vironmental considerations alone are the measure,
the ideal tax rate is one set at the point at which the
benefits from the last ton of carbon removed equal
the added cost of eliminating that ton. But this point
is notoriously difficult to find, especially for benefits
that may be many generations in the future or for
situations in which the science or relative risks are
not completely understood. This number cannot be
calculated until emissions are translated into at-
mospheric concentrations (concentrations, not levels
of emissions, determine the warming effect of CO2);
until the effects of increased concentrations on the
rate and level of warming are estimated; until the en-
vironmental and economic impacts or injuries as-
sociated with the warming are assessed, and until a
dollar value is placed on the estimated damages. As
is the case for many pollutants, researchers simply
don't know enough yet to perform the initial
calculations.

Preliminary efforts have been made to assign a
dollar value to a small set of potential environmental

risks associated with climate change, including loss
in agricultural production. The most widely quoted
of these estimates finds economic damages from a
doubling of atmospheric CO2 concentrations in the
range of 0.5 percent of GNP for the United States.22

But early estimates like these must still be considered
largely speculative. They are also likely to be conser-
vative since many categories of potential environ-
mental loss that could far outweigh more direct eco-
nomic losses have yet to be quantified at all. For
instance, some scientific consensus is forming that
damages to unique or particularly sensitive eco-
systems from rapid climate change constitute espe-
cially important environmental risks, but no damage
estimates take their potential economic costs into
account.

The ideal tax rate is one set at the point
at which the benefits from the last ton
of carbon removed equal the added cost
of eliminating that ton.

In a more recent analysis of the economic
damages in the U.S. from climate change, William
Cline suggests that more inclusive estimates may be
in the range of one to two percent of U.S. gross
domestic product, or around $60-$117 billion annu-
ally.23 Cline also notes that these estimates do not
consider the economic losses associated with at-
mospheric CO2 concentrations that go beyond a two-
fold increase, even though atmospheric concentra-
tions would almost certainly pass the doubling point
if no efforts are made to reduce CO2 emissions. He
estimates economic damages from global warming in
their very long-term to be around six percent of U.S.
G.D.P. or approximately f 340 billion annually.

The lack of formal data on the degree to which
market prices fail to reflect environmental damages is
not unique to greenhouse warming. But a shortage
of data on various other environmental problems
does not stop the development of programs to re-
duce risks. More generally, many types of federal
and state excise taxes are justified in part as ways to
raise the price of certain goods to reflect the social



costs associated with their consumption. But such
"sin" taxes (on alcohol or tobacco, for example) are
rarely set on the basis of a formal accounting of the
social costs and benefits of reducing the use of the
taxed product.

The most common alternative method of deter-
mining the size of a carbon tax is to estimate the tax
level necessary to achieve a pre-selected level of CO2

emissions. For example, a tax can be chosen to stabi-
lize emissions at 1990 levels by the year 2000. (This
approach is used in a current legislative proposal. See

Box 3-) A carbon tax set on this basis is likely to be
consistent with the terms of any international agree-
ment on climate change risks and with the way both
environmental regulations and permits are set. This
approach avoids the difficulties associated with ex-
plicit assessments of economic damages from climate
change that include specific CO2-reduction targets. It

does raise other concerns, however. Most prominent
among these is that the "right" tax is difficult to es-
tablish with certainty in advance and depends on the
time frame selected and the level of control required.
The tax necessary to stabilize emissions at one level
in the year 2000 may be very different from a tax
that stabilizes emissions at another in the year 2010
or 2020. This is not just an academic concern. Virtu-
ally all economic analyses of carbon-reduction possi-
bilities suggest that substantial early reductions, say
over the next 10 or 15 years, can be achieved quite
inexpensively. If so, a fairly low tax would be suffi-
cient if levied soon. But as time goes on, keeping or
extending these reductions may become harder and
harder, requiring a significantly higher tax. Eventual-
ly, of course, alternatives to fossil fuels are likely to
become available, which would lower the required
tax rate.

BOX 3: THE STARK CARBON TAX PROPOSAL

Representative Stark (D.CA.) has introduced a
proposal thai illustrates the basic concept* of a car
hon tax. U.K. Mi.S() is based roughly on a carbon tax
option prepared by the Congrcvional Ikidgci Office
(CBO). It calls for a phased-in tax of Mo per ton ol
carlion in coal, oil and natural gav According lo the
Congressional Mudgct Office, a lax of ihis magnitude

might .stabilize emissions of CO_. at current levels by
the \ear 2000. (This assessment does not assume a
phased in tax schedule.) Table 3 presents the pro
posed lax rate by fuel type for the phase-in period.
In Table -t. these rates are expressed as the estimated
percentage increase in the price of the taxed fuel*.
U.K. lOSd keeps the real tax rale fixed by allowing it
to rise with ihe rate of inflation.

Table 3. Proposed Carbon Tax Schedule of H.R. 1086 Table 4. Estimated Affect on Fuel Prices of H.R. 1086
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I I I . ESSENTIAL ELEMENTS OF A CARBON TAX STRATEGY

A carefully designed carbon tax can create sig-
nificant environmental and economic benefits. A
poorly designed and implemented one will generate
few benefits and can impose substantial costs. An ef-
fective domestic carbon tax strategy—that is, a tax
program that captures the economic and environ-
mental benefits discussed earlier without unduly
hurting any single sector of the economy—must
meet three general conditions:

1. minimizing the short-term economic losses by
careful use of the revenues;

2. maximizing the economic returns by lowering
other tax rates; and

3. compensating groups adversely affected.

All three are essential to its economic, environmen-
tal, and political success.

ECONOMIC CONSEQUENCES
OF CARBON TAXES

A properly set pollution tax generates net gains in
overall social welfare from the environmental im-
provements it creates, regardless of its fiscal implica-
tions or its impact on official GNP estimates. None-
theless, concerns about the economic consequences
of a tax abide. Because the environmental justification
for a carbon tax is that the benefits are worth the
costs associated with the policy, policy-makers must
have a good idea of what these costs are likely to be.
They need to know the potential impact of a carbon
tax on the production of goods and services, as well
as who pays or bears the burden of the tax.

Macroeconomic Impacts of Carbon Taxes
Numerous studies have estimated the macroeco-

nomic consequences of carbon taxes designed to re-
duce CO2 emissions to various levels. The studies
differ significantly in both approach and results, but
most models suggest that the economic conse-
quences are likely to be either fairly small losses or
outright gains.24

As Table 5 shows, a carbon tax will alter the use
of capital, labor, energy, and other economic resources.

Since a carbon tax makes fossil fuels more expen-
sive, businesses and households will search for ways
to lower their tax payments by reducing their use of
fossil fuels and increasing their use of capital, labor,
and non-fossil energy. Consumers might respond to
higher electric prices by buying more efficient appli-
ances or using the ones they have less. Utilities
might increasingly make electricity with energy
sources that emit little or no carbon (biomass and
wind or solar power). The net effect of these
switches is that the production of some goods and
services will fall. The fall in overall GNP projected in
some models reflects the impact of these changes on
overall market prices and household expenditures.

The way the revenues from the carbon tax are
used further changes the picture. The ranges pre-
sented in Table 5 represent the impact of different
revenue recycling options. In two of the studies in
Table 5, the revenues are recycled by reducing the
tax rate on capital or labor. These tax changes re-
duce the price of using capital and labor and thus
potentially improve economic performance. The
projected economic advantages from the revenue
recycling more than compensate for any direct GNP
loss associated with the carbon tax.

The range of carbon taxes analyzed in these
studies—from $17/ton to $500/ton—appears at first
glance to be too broad to be much help in determin-
ing the economic consequences of controlling CO2

emissions. Interestingly, however, the estimated
range of impacts on GNP is much smaller, from a
loss of 3 percent to a gain of 1 percent, as compared
to what GNP would be without the tax, and it does
not rise in lock step with the carbon tax rate. In dol-
lar terms, this amounts to a maximum loss of about
$164 billion based on 1990 GNP to a possible gain
of $55 billion.

Table 6 presents the results of studies that con-
sider a wider array of estimated macroeconomic im-
pacts from carbon taxes, including inflation and un-
employment. The range of results within each study
reflect multiple uses of the same model with different
assumptions about how the tax dollars are recycled.



Table 5. Estimates of the Macroeconomic Cost of Reducing Carbon Dioxide Emissions Through a Carbon Tax:
General Equilibrium & Optimization Models

Study

Shackleton, et al./D-GEM

Carbon Reductions

(%A from baseline)

2020 = 80% of 1990

Carbon Tax
Rate

($/ton carbon)
Recycling

Revenues

No
Yes

Change in GNP

(%A from baseline)

-1 .6

-0 .7 to 1

Shackleton, et al./Goulder

CBO/Edmonds-Reilly

Bradley et al./Fossil 2

Manne, Richels/ETA-MACRO

Jorgenson & Wilcoxen/D-GEM

2020 = 80% of 1990

2020 = 1990

2020 = 80% of 1990

$17

No

No

No

- 2 . 4

> 20% cut by 2100

2000 = 80% of 1990

2030 = 80% of 1990

2000 = 1990

2000 = 1990;

2020 = 80% of 1990

$40

100

~ $500

$300

$100

S25O

Yes

No

No

No

-2.2 to -0.3

-1

-1.3

-0.7

< -1

-3

-0.5
-1.6

Sources: Jorgenson, Dale W. and Peter Wilcoxen, Reducing U.S. Carbon Emissions: The Cost of Different

Goals, Center for Science & International Affairs, JFK School of Government, Harvard, Oct. 1991; Bradley,
Richard A., Edward C. Watts, & Edward R. Williams, Limiting Net Greenhouse Gas Emissions in the United

States, U.S. Department of Energy, December 1991; Manne, A. & Richard G. Richels, "CO2 Emission Limits: An
Economic Cost Analysis for the USA, The Energy Journal, Vol. 11, No. 2 (April 1990); Congressional Budget Of-
fice, Carbon Charges as a Response to Global Warming: The Effects of Taxing Fossil Fuels, August 1991;
Shackleton, Robert et. al., "The Efficiency Value of Carbon Tax Revenues," Draft December 16, 1991.

The positive estimated impacts on GNP reflect tax
recycling options which promote efficiency improve-
ments in the economy. These studies include the
short-run costs to the economy of adjusting to the
new tax. Since consumers and producers must adjust
their current activities to account for the new fossil
fuel prices for a time, resources might not be used as
productively as possible, particularly since some ad-
justments may be hard to make quickly. Thermostats
can be turned up or down almost immediately with-
out extra costs, but buying a new, more energy-
efficient car will be costly if it means retiring the old
one early. Such adjustment costs are not unique to
carbon taxes—they can occur whenever prices rise
or fall, as they did when oil prices dropped several

years ago—and they may lead to unemployment and
inflation. (Estimates of unemployment and inflation
associated with these adjustments are highly sensitive
to assumptions about changes in monetary policy in
response to the tax.25) But their effects on GNP will
not be permanent.

The studies presented in Table 6 do not reflect
as wide a range of carbon taxes as those included in
Table 5. In dollar terms, the range is bounded by an-
nual losses of around $109 billion at one extreme to
a gain of $207 billion at the other if they occurred
today.

The studies available to date suggest several pre-
liminary observations in comparing the results identi-
fied in Tables 5 and 6. One study in Table 6 does



Table 6. Estimates of the Macroeconomic Costs of Reducing CO2 Emissions Through a Carbon Tax

Study

EIA/DRI quarterly
CBO/DRI quarterly
Shackleton, et al./

DRI quarterly
Shackleton, et al./

Wharton

Carbon Carbon Recycling

Reductions Tax Rate Revenues Change in GNP Unemployment Inflation

(%A from ($/ton (%A from

baseline) carbon) baseline)

unspecified
6% below 2000

2.5-6.0

0-7.0

$100
Yes
No
Yes

Yes

- 0 7 % to - 0 . 8 %
- 2 %

- 1 % to 3.75%

-0 .4% to 3.8%

0.15
1.7%
1%

Sources.- EIA, Studies of Energy Taxes, Service Report SR/EMEU/91-02, April 1991; Congressional Budget Office, Carbon

Charges as a Response to Global Warming: The Effects of Taxing Fossil Fuels, August 1991; Shackleton, Robert,
et. al., "The Efficiency Value of Carbon Tax Revenues," Draft December 16, 1991 -

not involve revenue recycling.26 Compared to the
$100 a ton carbon taxes analyzed in Table 5, the
GNP losses are somewhat higher, as would be ex-
pected. The three studies in Table 6 that involve rev-
enue recycling generate larger GNP gains (and in one
case a smaller GNP) than the two $40 per ton taxes
analyzed in Table 5. The reasons for this are not im-
mediately clear, though the inclusion of short-run
stimuli from the tax cuts in the Table 6 models may
be the cause.

Understanding the Model Results
Even though the estimates from models of the

economic impacts associated with using a carbon tax
to control global warming vary, the results suggest
what the contours of an effective carbon tax strategy
might be. For perspective, though, remember that a
negative macroeconomic result from a pollution tax
is not equivalent to a true economic or welfare loss.
To be sure, any estimated reduction in the amount
of goods and services produced that stems from a
pollution tax is a cost. But without some notion of
the offsetting environmental benefits of the same tax,
it's impossible to know whether on balance we, as a
society, are better or worse off.

Where the Tax Revenues Go
The large revenue streams generated by a carbon

tax can have economic effects much larger than
those triggered by changes in relative prices. Such
impacts will vary, depending on how the revenues
are used. The studies presented in Tables 5 and 6
take two different approaches toward handling car-
bon tax revenues. They either (1) return the reve-
nues to consumers in lump-sum reimbursements or
(2) reinvest them to promote economic growth by
cutting the marginal tax ratio. (The latter option has
been aptly called "recycling the revenues.")

Raising energy prices through a carbon tax with-
out considering any other actions—a so-called lump-
sum distribution—does lower economic performance
(lower GNP): carbon-intensive inputs and products
are squeezed out of the economy by what were
once considered less valuable (and less carbon-
intensive) inputs and products. As a result, the econ-
omy cannot grow as fast and as quickly as it other-
wise would.

Tables 5 and 6 make it clear, however, that rein-
vesting or recycling the tax revenues into the econo-
my by lowering payroll or capital tax rates can, at a
minimum, offset a significant portion of any estimated



loss in GNP. In four out of five cases, carefully tar-
geted tax reductions result in a projected GNP that
stays the same or rises relative to what it would have
been without the carbon tax. These results are con-
sistent with the relatively large deadweight losses as-
sociated with existing tax rates on capital and labor.
More important, the economic gains from reducing
existing deadweight loss outweigh any economic
losses associated with reduced fossil fuel use. GNP
losses in studies where tax revenues are recycled ei-
ther don't fully capture the tax-reform gains or
evaluate specific types of tax cuts that have little eco-
nomic impact.

Even models that don't conclude that the full ef-
fect of a carbon tax on GNP is positive show that
economic impacts are significantly reduced. In a
1991 (Energy Information Administration, Depart-
ment of Energy) study of energy taxes, for example,
the revenues from a carbon tax were used to reduce
the payroll tax rate paid by employers and employ-
ees. As a result, the net present value of GNP losses
over a ten-year period attributable to a $40 per ton
carbon tax were reduced from $226 billion with no
offset to $23 billion with an offset—a 90-percent
reduction.27 Of various options for using carbon tax

revenues, only a lump-sum reimbursement, simply
giving all consumers back a portion of the tax, fails
to improve economic productivity. This approach
might stimulate some short-term consumer spending,
but it does nothing to overcome the basic inefficien-
cies of the existing tax code and therefore to con-
tribute to long-run economic improvement.

Estimates generated by one model of the impact
on GNP of a carbon tax coupled with different uses
of the revenues appear in Figure 1. As the figure
shows, GNP losses fall by 50 percent or more if
revenues are recycled instead of distributed on a
lump-sum basis. Recycling revenues by cutting taxes
on capital brings GNP above what it would have
been in the absence of the tax. In this figure, posi-
tive GNP results indicate that the economic advan-
tages of reducing existing tax burdens through tax
shifting alone are sufficient to justify a carbon tax.

Different models yield different answers to the
question of which use of the carbon tax revenues
would have the largest GNP benefit. Nonetheless,
any productive application of the revenues is clearly
preferable from a GNP perspective to lump-sum
redistributions, and the positive GNP estimates as-
sociated with revenue recycling impart a better sense

Figure I. Impact of Alternative Tax Recycling Assumptions on Estimated Gross National Product From
A Carbon Tax
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Source: R. Shackleton, et al., "The Efficiency Value of Carbon Tax Revenues," U.S. Environmental Protection Agency, Washington,
D.C. (March 1992)



of the potential macroeconomic implications of car-
bon taxes than the negative estimates do.

Flexibility in Responding to the Tax
The full range of energy production and con-

sumption decisions, large and small, will determine
how fossil fuel use and carbon emissions change
under a carbon tax. In models, everything else being
equal, the more thoroughly the various economic
choices are portrayed in the models, the more ac-
curate the resulting macroeconomic estimates. Ideal-
ly, macroeconomic models would reflect all of these
choices, but some are much more inclusive than
others. Dale Jorgenson and Peter Wilcoxen of Har-
vard University and the University of Texas, respec-
tively, for example, include equations and mathemat-
ical relationships that describe many of the choices
outlined above for many different industries and
household types. As a result, energy markets respond
more readily and with more variety to price signals
in their analysis. This is a key point since, in general,
the availability of more choices and options means
that smaller carbon taxes are required to reduce car-
bon emissions to any given levels. (For the record,
the Jorgenson-Wilcoxen model has been criticized
for being overly flexible in the way consumers and
producers respond to price changes, in part because
capital stocks are readily transformed to other uses
[see, for example, CBO, 1990]. Although this is a
limitation in the short run, over time capital stocks
do turn over and are not a limiting factor in
responding to the tax.)

Other models limit the possible range of eco-
nomic choices. The Fossil 2 model used by Richard
Bradley and his colleagues at the Department of
Energy, for example, does not allow consumers and
producers to replace operating equipment with
equipment that is more efficient or that uses alterna-
tive fuels. In the case of automobiles, where capital
stock turns over relatively quickly anyway, this limi-
tation doesn't matter greatly. But in the case of
buildings or utilities, where substantial fuel-switching
and retrofit opportunities are excluded, it does. Not
surprisingly, the Bradley study finds that very high
taxes and economic impacts are needed to achieve
near-term emission reductions.

Recent history shows that energy markets can be
more responsive to energy prices than many forecasters

have suggested and that carbon reductions may cost
less. Precisely because energy markets involve so
many decision-points, economic analyses of carbon
taxes must be based on models that incorporate as
many of the key economic choices and opportunities
as possible.

Recent history shows that energy mar-
kets can be more responsive to energy
prices than many forecasters have sug-
gested and that carbon reductions may
cost less.

Energy Use and the Economy
All of the models included in Tables 5 and 6

specify how energy use affects economic productivi-
ty and, therefore, opportunities to produce goods
and services. There are two basic approaches to
creating this link. Most of the models listed in Table
5 describe the detailed relationships among energy
use, productivity, and consumer choices. The model
itself determines what impact changes in the energy
sector have on the overall economy. Some of the
models listed in Table 6, on the other hand, are rela-
tively "hard wired"—that is, they tie productivity
and economic growth largely to the amount of ener-
gy used. In effect, these models assume that if ener-
gy use falls because of higher energy prices, the
economy must be worse off. Bradley and his col-
leagues tested the importance of this hard-wiring and
found that when one particular macroeconomic
model is run with the assumption that efficiency im-
provements can improve overall productivity, esti-
mated GNP losses can fall by half.28 In general, the
more well-defined the link between energy use and
economic activity, the lower the estimated cost of a
carbon tax.

There are certainly other ways in which the
models differ—baseline projections of population
and economic growth are two—but these three
aspects of energy-economic modeling stand out as
key to interpreting the model results for
policy-makers.



What the Models Don't Tell Us
The model results in Tables 5 and 6 share some

common elements. In particular, all of the models
may overstate the potential GNP losses (or underesti-
mate the gains) of a carbon tax in three ways. First,
the potential for cost-effective efficiency-investment
opportunities are largely overlooked. Virtually all the
models assume that producers and consumers are
taking advantage of all cost-effective energy savings
opportunities at current energy prices. If so, energy
prices cannot change without forcing individuals or
firms to make changes that cost more than if the tax
had not been imposed. Yet, institutional constraints,
transaction costs, and regulatory barriers, for exam-
ple, may keep energy users from taking full advan-
tage of energy-saving opportunities at observed
prices. Indeed, studies based on the costs and bene-
fits of specific energy-efficiency and alternative-
energy investments suggest that very large CO2

emissions cuts could be made that would generate
positive economic returns.29 Investments in energy-
efficient lighting, motors, and other appliances, for
instance, can often generate savings in electricity
demand at half the cost of developing new power
plants. Since none of the macroeconomic models
reviewed here allow for such possibilities, they are
likely to inflate adjustment costs and economic
losses.

These "bottom-up" analyses, which attempt to
fully describe the technical opportunities for energy
savings do not directly analyze a specific policy pro-
posal (such as a carbon tax), and they don't generate
GNP estimates from the cost-effective investments
examined. Even if they did, a carbon tax alone
would not realize all of the cost-effective carbon sav-
ings included in these studies. (Increasing energy
prices would not, for instance, remove regulatory
barriers to energy efficiency investments, though in-
vestments prompted by the tax are likely to induce
many of these cost-effective alternatives, thus lower-
ing economic costs and possibly resulting in net eco-
nomic gains.) The potential for cost-effective alterna-
tives to using more energy are not directly reflected
in any of the models included in Tables 5 and 6.
While projected increases in energy demand (the
baseline of the models) may be adjusted to include
energy efficiency improvements, none of these are
directly related to using energy prices associated

with the carbon tax. But sensitivity analyses in sever-
al of the studies in Table 5 show that faster improve-
ments in energy efficiency can reduce projected im-
pacts on GNP by more than half even if the effects
of recycling revenues back to the economy by
lowering tax burdens aren't considered.30

Second, the benefits from a carbon tax other
than those related to climate are not included in the
GNP estimates presented in Tables 5 and 6. Chief
among these are the reduction in non-carbon pollu-
tion associated with using less fossil fuel and the na-
tional security benefits of using less imported fuel. If
less oil, gas, and coal were burned, there would be
less sulfur dioxide (SO2), nitrogen oxides (NOX), and
other air-borne emissions in the atmosphere, as well
as fewer land, ocean, and groundwater impacts from
developing and moving the fuels. Estimates of the
social cost of importing oil, estimates based on the
risks of economic disruption, range from $0 to $10
per barrel.31 The EIA study mentioned earlier pegs
the national security benefits of a $40/ton carbon tax
total around $18.1 billion. A full analysis of the eco-
nomic costs of a carbon tax would account for these
secondary benefits and for their effect on the
manufacture and use of goods and services.

Finally, price signals stimulate technological
change, accelerating the development of new effi-
ciency options and non-fossil energy supplies and
decreasing their costs. All of the models reflect some
technological improvement over time based on
historical trends. But only one (Jorgenson/Wilcoxen)
factors in the potential impact of price changes on
technological change, and even in this model, specif-
ic energy-efficiency and renewable options do not
change as a result of the tax policy—a significant
omission in the case of a carbon tax, particularly as
time passes. Indeed, the cost differential between
fossil fuels and non-fossil alternatives is a major de-
terminant of the cost of meeting a CO2 emission-
reduction goal and, thus, of the size of the tax; price
changes would accelerate technological development
and narrow this gap. Sensitivity analysis using differ-
ent assumed costs of future non-fossil technologies
only partially and indirectly addresses this aspect of
carbon taxes.

Figure 2 illustrates the cost implications of car-
bon taxes when three of the factors described
here—tax recycling, cost-effective opportunities, and



non-climate benefits—are included in the analysis.
Studies that exclude these three considerations will
report GNP losses that grow with the size of carbon
tax. But when these three other elements are taken
into account, the potential for economic gain, in ad-
dition to that associated with climate benefits, rises.

Figure 2. Impact of a Carbon Tax on Estimated
Gross National Product Under Alternative
Economic Model Assumptions
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Implications of Macroeconomic Modeling Results
Although no modeling efforts fully incorporate

all of the elements discussed above, a carbon tax
strategy (including tax revenue recycling) makes eco-
nomic sense, especially when existing cost-effective
efficiency options and non-climate benefits are taken
into account. Naturally, if the benefits associated
with reducing climate instability are considered, car-
bon taxes look even better.

Besides providing a picture of the economic im-
pacts of a carbon tax, the studies evaluated here sug-
gest several policy-related conclusions:

1. Certain types of production and consumption
responses to a carbon tax will come into play only
after the tax has been in effect for some years.
(Large-scale shifts in technology are an obvious ex-
ample.) Some models capture various points in the
slow process of change in response to a carbon tax

better than others. For example, the Data Resources,
Inc. macroeconomic model has a fairly short-run
orientation and offers a quite useful picture of the
early economic adjustments associated with a carbon
tax, but is weaker vis-a-vis long-term adjustments in-
volving changes in capital stock. On the other hand,
the Jorgenson/Wilcoxen model focuses exclusively
on the long run. Given the various strengths of vari-
ous models, policy-makers should not rely heavily
on any single set of model results to gauge all the
economic effects of a carbon tax. Rather, several
models representing different points or spans in time
should be used.

2. Emissions reductions can be achieved relative-
ly cheaply in the near term, but the economic im-
pacts can grow over time. Most of the models, as
well as other analyses, agree that early reductions are
relatively inexpensive, though they may disagree on
the point at which costs start to rise. The Manne-
Richels model, for instance, concluded that a tax of
$250 a ton is required for long-term emissions reduc-
tions; but that same study also concludes that over
the first decade or so the tax could be set at only
$29 per ton to achieve similar reductions.32

3. The sooner CO2 emission reductions are be-
gun, the lower the required tax and resultant eco-
nomic costs of meeting any particular target will be.
Each new building, factory, or car represents a com-
mitment to energy demand for at least ten years to
come. Similarly, each new electric plant creates a
commitment to a particular fuel source for decades.
U.S. demand for energy services and supplies in
2040 are already being shaped by today's decisions.
Unfortunately, many opportunities are being lost.
These "lost opportunities" show up in modeling
results as increased economic costs when the time al-
lowed to meet any given target is compressed. Sim-
ply put, it is cheaper to reduce current emissions by
20 percent by 2010 if reductions begin in 1990 than
if they begin in 2000.

4. Keeping carbon emissions at the same level
will require different levels of effort from year to
year, depending on underlying population and eco-
nomic growth trends and the availability of efficien-
cy investments and non-fossil alternatives. In fact,
the highest reported tax rates may be needed for
only a few years. In nearly all of the studies re-
viewed here, growth in demand for energy services



begins to outstrip efficiency opportunities after a
decade or two. Soon thereafter, however, newer and
less expensive non-fossil energy sources become
available. These technical improvements then lower
the tax rate needed to induce fuel switching away
from fossil fuels, and the continued availability of
the alternative fuels keeps the rate low almost
regardless of how much demand grows. Indeed, if
nuclear or renewable energy sources turn out to be
less expensive than coal-based alternatives, carbon
taxes could eventually be removed altogether. At any
rate, since aggregate models don't fully reflect the
extent to which higher carbon prices spur technolog-
ical development, it may well be that no tax spike
would be needed to maintain steady reductions
matched to specific targets.

5. Phasing-in taxes can reduce costs. The short-
run adjustment costs discussed above arise in part
because capital resources are not very flexible. Capi-
tal and technological choices are based on expected
future energy prices. When prices change unexpect-
edly, owners of capital stock may not be able to re-
spond quickly or well to the new price signals.
When gasoline prices rise, for instance, some drivers
will reduce their time on the road and buy more effi-
cient automobiles right away, but most will take
their time.

Economic adjustment imposes costs as prices
and markets rearrange around the new higher prices
for carbon-based fuels. It turns out, however, that
adjustment costs are at least as much a factor of
whether the price changes are anticipated as the
overall size of the price change. One study has found
that a significant fraction of the estimated productivi-
ty loss associated with the energy price increases of
the 1970s was due to the unexpected temporary
price spike, not the underlying gradual increases in
real oil prices.33 Simply introducing a new carbon
tax without any attempt to minimize these economic
impacts would be unnecessarily costly.

Revenue recycling can reduce adjustment costs,
but much more can be done too. The most obvious
option for managing the adjustment costs of a car-
bon tax, one often neglected in tax modeling, is to
phase in the tax over time. Phasing in the tax allows
energy consumers and producers more time to adjust
to new prices. Further, if the time schedule for the
tax is set out clearly, energy users can make their

economic decisions with future prices in mind. Few
of the models used in carbon tax analyses reflect the
assumption that expectations over future price
changes can moderate economic impacts.

The H.R. 1086 carbon tax proposal calls for a
five-year phase-in. In the Congressional Budget
Office's carbon tax options, the high option would
be put in place over ten years. Interestingly, no
studies permit a side-by-side comparison of a carbon
tax with and without a phase-in period. One study of
different gasoline taxes, however, showed that the
economic loss of a 50-cent a gallon tax can be
reduced in the early years of the tax by 60 percent if
the tax is introduced gradually over several years.34

6. Allowing carbon offsets can lower the eco-
nomic costs of achieving a given level of CO2 emis-
sion reductions. Other sources of atmospheric car-
bon dioxide besides fossil fuel combustion and other
greenhouse gases besides carbon dioxide contribute
to the risks of accelerated climate change. For exam-
ple, when temperate and tropical forests are lost,
vast quantities of carbon dioxide are released into
the atmosphere. Methane, nitrous oxide, and certain
other trace gases also add to the greenhouse effect—
some are much more powerful in this regard than
CO2. Any serious strategy for reducing greenhouse
risks should include these other sources and gases.

Credits or offsets against a carbon tax could be
allowed when consumers or producers bring down
emissions from these other gases or other sources.
For example, a coal company could reduce its tax
burden by planting trees that would absorb carbon
dioxide and offset some portion of the emissions at-
tributable to the combustion of its coal. Similarly, an
oil company could lower its carbon tax payments by
reducing methane losses from natural gas pipelines.
The logic behind such proposals is solid. Reductions
in any greenhouse gas (or increases in greenhouse
sinks) help lower climate change risks. It makes eco-
nomic sense to encourage these reductions if they
can be achieved (on a carbon equivalent basis) for
less than it costs to reduce CO2 from fossil fuel com-
bustion. Indeed, the impact of offsets on the total
economic costs of a carbon-control strategy is
significant.

Too little is known right now about the sources
of and control options for methane emissions to
make methane reduction part of a carbon tax strategy.



A recent Department of Energy study attempts to
model the inclusion of a methane tax along with a
carbon tax, but could not tie the tax directly to meth-
ane emissions, only to average industry-wide emission
levels. Such a tax would provide no incentive for in-
dividual producers to reduce their emission levels.

Emerging data and experience with tree-planting
programs, however, highlight the potential cost sav-
ings associated with broadening the carbon tax struc-
ture to include tree planting as carbon dioxide off-
sets.35 Recent analyses of the costs of constructing
tree-planting programs for absorbing carbon place
the marginal cost per metric ton in the range of $18
to $8036—below many of the carbon tax rates being
discussed. The total cost of bringing carbon emis-
sions down to a given level or keeping them there
could be reduced by allowing a credit or exemption
from the tax for each unit of carbon sequestered
through a tree-planting program. A DOE analysis sug-
gests that the costs of a 20-percent emissions cut in
greenhouse gas emissions could be reduced by
20-80 percent of what costs would have been if
reforestation offsets are part of the strategy.37

A major selling point of a carbon tax
strategy, administrative simplicity, is
easily lost if performance tests, monitor-
ing, and assessment programs get
complicated.

Of course, the mechanics of creating a tax-offset
program have to be carefully considered. A major
selling point of a carbon tax strategy, administrative
simplicity, is easily lost if performance tests, moni-
toring, and assessment programs get complicated.
The potentially substantial benefits of offsets could
themselves be offset by high management costs.

DISTRIBUTIONAL CONSEQUENCES
OF CARBON TAXES

By nature, taxes—or any kind of revenue-raising

measure—make some people worse off than they

would have been without the tax. Indeed, as a prac-
tical matter, any form of CO2-reduction program af-
fects somebody's wealth. The question is whether
taxes have better or worse distributional effects than
a marketable permit or regulatory strategy for reduc-
ing CO2 emissions. Unfortunately, it is impossible at
this point to make a comparison between the various
options since only carbon taxes have been subject to
a formal distributional analysis.

It is possible, however, to highlight the wealth
effects of carbon taxes beginning with the issue of
fairness—a staple in the design of U.S. federal tax
policy. A shaping force behind the current structure
of federal taxes is the desire to impose less burden
on lower-income groups relative to higher-income
groups.38 A progressive tax is typically considered
more fair than one that taxes lower incomes at equal
or greater rates than higher incomes. For this reason,
federal receipts come mainly from income taxes that
are graduated.

The perception that energy taxes are "unfair"
has been perhaps the major barrier to their wide-
spread application. The apparent regressive nature of
energy taxes has been roundly criticized, though
other potential distributional impacts, both regional
and industrial, have also sparked concern. However
large the overall economic gains from such taxes, a
sound carbon tax strategy would thus have to in-
clude a program to compensate those adversely af-
fected by the tax.

The Impact of Energy Taxes by Income Class
Conventional wisdom holds that most forms of

energy taxes discriminate against lower-income fami-
lies and individuals. Because these groups spend a
higher percentage of their incomes on energy than
other income classes do, any tax based on energy—
this logic goes—hits these groups disproportionately
hard.

One example of the regressive potential of ener-
gy taxes is presented in Figure 3. Current energy ex-
penditures on motor fuels and residential energy
range from as much as 15 percent for households
with incomes below $15,000 to as little as 5 percent
of those with incomes above $50,000. Against this
backdrop, taxes on energy consumption would ap-
pear to fall most heavily on the poor. (As for any
differences between different types of energy taxes,



Figure 3. Estimated Energy Expenditures as
Percentage of Income
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Table 7 makes it clear that a gasoline tax and a car-
bon tax have roughly the same distributional charac-
teristics in terms of the tax as a percentage of
income.)

Even if energy taxes cannot be called
progressive, new research suggests that
they may be less burdensome on the poor
and middle class than commonly thought.

But there is more to the story than this way of
looking at energy taxes suggests. The Congressional
Budget Office and other researchers argue that differ-
ent measures of wealth yield different measures of
the burden of a tax.39 In particular, the Congression-
al Budget Office and James M. Poterba of the Massa-
chusetts Institute of Technology have shown that if a
broader measure of wealth than income—actual ex-
penditures—is used, energy taxes appear less regressive.

(Expenditures represent a more stable long-run mea-
sure of wealth than income since they are less re-
lated to fluctuations in employment status or earning
cycle. They also include government transfer pay-
ments, such as Aid to Families with Dependent Chil-
dren (AFDC), which aren't normally included in
income figures.) As Table 8 shows, the impact is
more proportional if expenditures are the measure.
Even if energy taxes cannot be called progressive,
they may be less burdensome on the poor and mid-
dle class than commonly thought.

The Impact of Energy Taxes by Region
Energy taxes can redistribute a nation's wealth

by region as well as along economic class lines. Be-
cause energy production, use, and cost vary by re-
gion, some parts of the country will bear a higher
tax burden than others. Such potential regional ef-
fects can be measured in two ways. First, the tax
directly affects energy expenditures by households in
the region. The regional tax bill will depend not

Table 7. Estimated Increases in Energy-related
Expenditures Resulting from Alternative
Energy Taxes

1987 Income

Average U.S.
Less than $10,000

$10,000-$l4,999

$15,000-119,999
$20,000-$24,999

$25,000-$34,999
$35,000-$49,999
$50,000 or more
Below 100% Poverty

Line

Below 125% Poverty
Line

$40 per Ton
Carbon Tax

242

173
195
214

237
246
296
322

191

195

254 Gasoline
Tax

237
152

179
206

230

239
298
318

179

183

Source: Energy Information Administration. Studies

of Energy Taxes, U.S. Department of Energy, Wash-

ington, D.C, April 1991.



Table 8. Comparison of Estimated Distributional
Impacts of a Carbon Tax by Alternative
Measures of Income

Distribution Across Income Classes

Income/Expenditure
Decile

1 (Lowest)
2
3
4
5
6
7
8
9

10

of Income % of
Expenditures

10.1
5.0
4.6
4.1
3.6
3.0
2.7
2.3
2.1
1.5

3.7
3.7
3.8
3.7
3.4
3.4
3.2
2.8
2.7
2.3

Source: Poterba, J.M. Tax Policy to Combat Global
Warming: On Designing a Carbon Tax, Working
Paper No. 3649, National Bureau of Economic Re-
search, Inc., March 1991.

only on the tax rate, but also on consumers' ability
to adjust their energy use in response to the tax.

The second measure is the indirect (or second-
order effects) of the tax on a region's industrial ac-
tivity, employment, and wealth. As taxes translate
into higher energy prices and economic activity ad-
justs, regions with the most energy-intensive industri-
al bases may be put at an economic disadvantage
relative to other regions. Both of these impacts—the
regional expenditure effect and the regional econom-
ic effect—deserve policy attention.

• Regional Expenditures—D.E. DeWitt, H.
Dowlatabadi, and R.J. Kopp of Resources for the Fu-
ture have estimated the regional distribution of alter-
native carbon taxes.40 As Figure 4 shows, households
in certain regions of the country would pay more
than others. The difference is most striking between
the Pacific northwest states, where cheap subsidized
hydropower is readily available, and just about
everywhere else.

Differences among other regions are neither
great nor insignificant. The average household in
New England would pay around 20 percent less in
taxes than a household in the north-central states.
But, with the exception of the Pacific Northwest, the
regions with the highest added tax burdens are also
the regions with the lowest existing electricity
prices—a function of reliance on low-cost coal as an
energy source. Another key variable is households'
ability to adjust their purchases in response to the
tax and to adopt, for example, more energy-saving
products and processes. Regional expenditure esti-
mates rise by almost 15 percent if consumers are as-
sumed to have few options for avoiding the tax. In a
"conservation" case, where the Resources for the
Future researchers assume that consumers have more

Figure 4. Estimated Changes in Residential Energy
Costs from a Carbon Tax by Region
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latitude, the absolute impact falls, though the region-
al difference remains. Unfortunately, this scenario is
not very flexible and may not accurately reflect
potential economic responses after the tax has been
in place for some time.

• Regional Economic Impacts—The relative eco-
nomic wealth of states or regions can also be af-
fected by carbon tax strategies. States that depend on
carbon-based energy sources for generating income
or that rely on carbon-based energy-intensive indus-
tries could be hurt disproportionately more by a car-
bon tax on energy than by another form of energy
tax. Perhaps predictably, assessing the exact degree
to which a state's economy is affected is not a sim-
ple matter. In the case of a carbon tax, for example,
oil, natural gas, and coal prices would rise, but sim-
ply multiplying the amount of the tax by the amount
of the fossil fuel resource produced in the state is
not a sound measure of economic damage. Instead,
the impact of the tax on demand for the fuels and,
ultimately, on production levels must be traced.

Virtually all the economic models show that a
carbon tax has its greatest impact on coal produc-
tion. Even the relatively high carbon tax considered
by the Congressional Budget Office changes the use
of natural gas and oil by only small percentages. (See

Table 9.) By the same token, all of the reduction in
oil demand would come from reducing oil imports.41

Thus, for the level of taxes considered here, the
wealth of oil- and natural gas-producing states would
change little. Coal production does decline compared
to what it would have been without the tax. De-
pending on the level of tax, however, much of the
reduction in coal demand comes out of anticipated
growth in coal use, not reductions in current levels
of use.

As shown in Table 9, the Congressional Budget
Office has estimated that coal consumption in the
short run would fall by approximately 13 percent
under a fairly high carbon tax. Consumption of oil
and gas falls by significantly lower percentages. A
model with a longer-run perspective estimates much
higher coal-production impacts with a much lower
tax: Jorgenson and Wilcoxen estimate that $ 17/ton
carbon tax will cause coal production to drop by 26
percent. Again, oil and natural gas production falls,
but by much smaller amounts. None of the available
modeling results show coal production falling below

Table 9. Estimated Effects of a Carbon Charge of
$100 per Ton on Prices and Use of Fossil
Fuels in the United States in 2000

(Percentage changes from baseline levels)

Prices

Use

Oil

21

— j

Natural
Gas

16
- 4

Coal

161

- 1 3

All
Energy

n.a.
- 7

Source: Congress of the United States, Congressional
Budget Office. Carbon Charges as a Response to

Global Warming-. The Effects of Taxing Fossil Fuels,

U.S. Government Printing Office, Washington, D.C.,
August 1990.

current production levels—at least for the levels of
taxes considered in this paper. CO2-reduction com-
mitments beyond stabilization or 20-percent reduc-
tions are likely to require much deeper reductions in
coal production.

No published modeling results disaggregate ener-
gy tax burdens on specific industries at the state or
regional level. It is not possible, therefore, to specify
the degree to which the GNP effects of carbon taxes
would be borne by any specific state or how coal
production in Wyoming is reduced relative to that in
West Virginia. The states at first-order risk, however,
are relatively easy to identify. As Figure 5 shows,
three states—Wyoming, Kentucky and West
Virginia—account for over half of total U.S. coal
production. No doubt, they would bear a significant
fraction of the costs of lost production.

The Impact of Carbon Taxes by Industry
Not surprisingly, carbon taxes would fall most

heavily and directly on the energy-production
sectors—coal mining in particular—and on industries
that depend on coal. As the initial price increases are
passed on to final consumers (or back to share-
holders), however, the economic burdens of the tax
would spread to other industries and sectors. As



Figure 5. United States Coal Production by
State, 1990
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Figure 6 demonstrates, a carbon tax is likely to have
broadly distributed industrial impacts. In this regard,
a carbon tax resembles other broad-based energy tax-
es, all of which tend to raise energy prices and thus
hurt heavy energy users. The ultimate impact on the
performance of any individual industry is a function
of how well that industry embraces energy efficien-
cy, switches to fuels that are taxed less, or passes on
the price increase to consumers or back to coal-
production sources.

The primary metals, chemicals, and petroleum-
refining industries are the other three carbon-
intensive industries in the U.S. economy. Of these,
the domestic petroleum-refining industry would be
the most likely to suffer from reduced demand for
its product. In the other carbon-intensive industries,
the tax bill for a $40 per ton carbon tax would not
exceed 2 percent of the value of shipments of
manufactured products.42 If any efficiency- or fuel-
switching measures are taken, the tax bill could be
substantially less. Some industries, of course, would
benefit from the tax. These might include, for in-
stance, plastics recyclers, biomass producers (includ-
ing both the agricultural and processing compo-
nents), and solar power industries. It is difficult to
predict where these industries might locate, but they
are likely to be more geographically dispersed than
existing energy industries.

If the net economic gains associated
with revenues from a carbon tax are
recycled back into the economy, more
industries will win than lose.

0 50 100 150 200

Millions of Tons

Source: Energy Information Administration, Coal Production 1990,
EIA-011 8(90), U.S. Department of Energy,
Washington, D.C. (1991)
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It is extremely important to note that the net
economic gains associated with recycling the rev-
enues from a carbon tax back into the economy sug-
gest that more industries will win than lose. Every-
thing being equal, lower corporate capital or labor
tax rates would benefit many industries particularly
those in which energy is a small element of their
overall production costs. Communication and infor-
mation services, financial services, medicine and



Figure 6. Effect on Industrial Sectors of a
Carbon Tax
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other high technology industries are likely to grow
faster under tax reform initiatives of this sort. Cer-
tainly industries that offer low or no carbon energy
services would also gain under a carbon tax coupled
with a tax shift. On a national level, aggregate
productivity and growth would rise. None of the dis-
tributional estimates presented here portray these
beneficial economic effects of combining a carbon

tax with lower tax rates for other impacts to

production.

How to Address the Distributional Impacts
Of the three major distributional impacts identi-

fied earlier, the differential impact on carbon-intensive
industries can be partially offset by lowering capital
or labor costs economy-wide through lower capital
and payroll tax rates. Reducing marginal income tax
rates for lower-income people would address some of
the price impacts on these households. In contrast,
the price impact on very low-income households and
the impact on coal-producing regions require more
specific compensation efforts.

Addressing Low Income Groups
Many forms of federal and state taxation are

regressive, and most consumption taxes hurt lower-
and middle-income groups more than the wealthy.
But because energy taxes have not been widely used
in this country (with the exception of federal and
state gas taxes), it is not surprising that designing
programs to offset their regressive nature poses both
a technical and a political challenge. (Some programs
were initiated during the 1970s in response to the
energy price spikes of that decade, but many of
these have been cut back or abandoned as real ener-
gy prices have subsequently fallen.)

To help policy-makers consider this challenge,
the Congressional Budget Office and the Center for
Budget and Policy Priorities have prepared similar
analyses of alternative means for addressing tax
regressivity.43 While these reports don't specifically
focus on carbon or energy taxes, they do provide a
blueprint for compensating taxpayers for regressive
taxes in general. These analyses suggest a compensa-
tion program that contains four major elements.44

• Expand the Earned Income Tax Credit—The
Earned Income Tax Credit (EITC) is a refundable tax
credit. Its virtue is that it applies to low-income
working families with children—an important subset
of low-income groups hit by an energy tax. On the
other hand, it does not address the needs of non-
working families or families without children, and an
income tax return has to be filed to get the credit.

• Increase Food Stamp Benefits—Food stamp
benefits are available basically to all households with



income and assets below a certain level. An increase
in these benefits would reach qualifying households
ineligible for EITC. (For perspective here, the food
stamp program has a low participation rate.)

• Increase the Standard Deduction—An energy
tax hits middle-income households disproportionately,
as well as the low-income households covered by the
first two programs. Increasing the size of the standard
deduction available to federal income tax filers would
directly benefit moderate-income households. For ex-
ample, one study estimates that a $500-increase in the
standard deduction would return $75 to the average
taxpayer (who does not itemize deductions) and
would cost around $3 billion.45 Seventy-five dollars is
roughly two thirds of the additional energy expendi-
tures incurred by households with incomes between
$20,000 and $25,000.

• Increase the Supplemental Security Income

(SSI) Program—The three programs listed above
miss, in large part, low-income elderly households
and disabled individuals. Because these groups' pro-
gram benefits are usually tied to inflation, it is some-
times argued that they are less affected by excise tax
increases that ultimately show up in higher consumer
prices. But energy tax increases may be under-
represented in the consumer price index and, as
such, not fully compensated by cost-of-living adjust-
ments. To the extent that this is true, an increase in
SSI benefits, a major form of income for households
headed by the elderly or disabled, could compensate
these groups for higher energy taxes or expenditures.

Two other existing federal programs could also
be used to directly reduce the tax burden on low-
and moderate-income consumers. The first and most
important is the federal Low Income Weatherization
Assistance Program (WAP). WAP provides an average
of up to $1600 in home energy-efficiency improve-
ments—attic and wall insulation, upgraded and new
furnaces, etc. Unfortunately, the program is not fully
funded, and only about one fourth of the 12 to 17
million eligible households have received services to
date.46 Expanding this program would reduce energy
bills and, therefore, carbon tax bills for low-income
households and would give these households a direct
and affordable means of reducing carbon emissions.

The Low Income Energy Assistance Program
(LEAP) is the second existing program that could be

used to help low- and moderate-income people adjust
to fuel-price increases. It has the advantage of reaching
low-income consumers quickly, but it may not en-
courage emissions reductions (and may actually en-
courage the release of more emissions by reducing the
marginal cost of home heating energy), and it doesn't
generate returns on investment greater than 1 to 1.

This brief discussion points to some possible
programs to offset regressivity. But it also makes it
clear that no one program is likely to address all af-
fected groups. In designing an offset package, the
preference should be to use reductions in other tax
rates. Properly crafted, these could provide tax-
reform benefits, as well as cope with some of the
distributional impacts. Obviously, special programs
may be required to help individuals who are outside
the current federal tax system.

Coping with Coal-Producing States
Table 10 identifies the states that will bear the

brunt of the coal-production losses. A state's burden
from a carbon tax is the sum of the losses accruing
to four major groups:

• state taxpayers whose tax base shrinks (as a re-
sult of reductions in revenues from severance
taxes, for example);

• owners of coal resources whose real wealth
declines;

• coal miners who lose their jobs; and
• firms and industries that support coal-mining

operations and workers (shops, stores, etc.).

The actual dollar loss associated with these cate-
gories is difficult to estimate; it depends, in part, on
what would happen in the absence of a carbon tax.
For perspective, coal-mining employment levels have
been falling even though coal production has risen.
Increased production of western coal (which is
capital-intensive) and increased mechanization of
eastern coal mines have already led to losses in the
mining population, and many Appalachian coal
regions are already amid an economic transition. Be-
tween 1980 and 1989, for example, coal employ-
ment fell by 43 percent to a total of 116,000 work-
ers (in 1989), while coal production increased by
approximately 30 percent. Under moderate tax
schemes, coal-production falls relative to what it
would have been but still grows in absolute terms
(although this may vary from state to state).



Calculations of economic losses due to a carbon
tax should take coal types into account too. Most
carbon tax proposals assume implicitly that all types
of coal contain the same amount of carbon, but they
don't. Eastern bituminous coals can contain as little
as 40 percent carbon or as much as 80 percent.
Western sub-bituminous coal typically has lower per-
centages and less variation. A carbon tax based on an
average carbon content will push coal users, every-
thing else being equal, to pick coals with higher car-
bon contents (and generally higher energy values)
than average since the price per unit of carbon is the
same.

These mitigating factors aside, carbon taxes as a
whole do fall most heavily on coal production, and
coal-producing states or sectors are likely to demand
fair compensation for their losses. Even though other
states or regions have undergone comparably great
economic transitions over the last 100 years, fairness
dictates that these states receive some aid to ease the
costs of a transition triggered entirely by environ-
mental policy.

Carbon taxes as a whole fall most heavily
on coal production, and coal-producing
states or sectors are likely to demand fair
compensation for their losses.

Federal or state spending or tax programs could
be designed to offset the burdens of a carbon tax
borne by specific states. Enterprise zones, job train-
ing and relocation programs, or early retirement pro-
grams are obvious examples. But since the needs of
affected states will vary greatly, no single set of poli-
cies will work in all coal-producing regions. Rather, a
block-grant program might be more appropriate, giv-
ing states the flexibility to design their own pro-
grams.47 One basis for determining grant size might
be state-specific estimates of coal-production losses.
Alternatively, a pool for revenue sharing could be
politically determined and then allocated on the basis
of each state's share of total production. As an illus-
tration of this approach, Table 10 allocates a hypo-
thetical block grant trust fund of $1.8 billion among

the coal-producing states. (Allocations range from
$100,000 for Arkansas to $337.6 million for Wyo-
ming.) This compensation strategy lets states develop
programs that address their special circumstances,
regardless of the size of the trust fund. It does have
one serious draw-back, however. To ensure that the
funds will be available continually to states, it may
be necessary to create a trust fund that is not subject
to annual appropriations even though such funds are
generally not politically popular, except to the
beneficiaries.

International Trade and Competitiveness
A carbon tax imposed in the United States alone

would raise the cost of carbon-dependent domestic
products in the short run relative to international
competitors, even though energy prices in Europe
and Japan, for example, are already much higher
than U.S. prices. The net effect, some argue, would
be an increased trade deficit, lost competitiveness,
and perhaps relocation of U.S. manufacturing abroad.

The precise impact on the U.S. trade balance of
this rise in energy prices is difficult to identify and
may shift over time. But impacts are likely to be mi-
nor. Since total energy costs comprise less than 4
percent of the costs of manufacturing for all goods
and services, the effect of a moderate carbon tax is
likely to be lost in the noise of international ex-
change rates and other factors influencing the rela-
tive costs of U.S. goods. A $40 per ton carbon tax
would amount to less than 1 percent, on average, of
U.S. manufacturing value of shipments and would
decline thereafter. In the four most energy-intensive
industries, the tax would amount to around 2 per-
cent of the value of shipments. If the beneficial ef-
fects to these firms of lowering other tax rates or
lowered capital and labor costs are considered, total
production costs for many industries could fall. Fur-
ther, energy costs are only one of many variables
that affect industrial location decisions, and attempts
to test how environmental control costs affect loca-
tion choices have never demonstrated a positive
relationship.

A further balance-of-trade advantage is that a car-
bon tax lowers U.S. demand for oil. Most of the
models reviewed here show that with a carbon tax,
oil imports would fall, not use of domestic oil. To
the extent that this is true, the U.S. balance of trade



Table 10. Hypothetical Trust Fund for Coal Producing States

State

Wyoming
Kentucky

West Virginia
Pennsylvania
Illinois

Virginia
Montana
Indiana
Ohio
North Dakota

Alabama
New Mexico
Utah
Colorado

Arizona
Tennessee
Washington

Missouri
Maryland
Louisiana
Oklahoma

Alaska
Kansas
Iowa
California

Arkansas

Coal Produced

(million short tons)

171.6
166.5
153.1
73.8
50.3
42.8
37.7
33.6
33.6
29.6
27.9
23.7
20.1
17.1
11.9

6.4

5.0

3.4

3.3

2.9
1.7
1.6

0.9

0.4

0.0

0.0

% of Total
Coal Produced

19
18

17
8

6
5
4
4
4
3
3
3
2
2
1
1
1

0
0
0

0
0

0
0
0

0

Allocations
($ million)

337.6
327.6
301.4

136.9
98.9
84.2

74.3
66.2

66.0
58.2

54.9
46.6
39.6

33.6
23.4

12.5

9.9
6.7
6.6
5.9
3.4
3.2
1.7
0.8

0.1

0.1

TOTAL 914.7 100.00 1800.0

Source: World Resources Institute

will improve. In addition, reductions in imports
could reduce world oil prices. For example, the
Energy Information Administration estimates that
with a $40 carbon tax, lower world oil prices (as a
result of lower U.S. demand for oil) would further
reduce the oil-import bill over the next decade by
nearly $19 billion.48 This trade advantage is nearly
five times larger than the domestic welfare loss that
EIA estimates the taxes will cause.

The ultimate impact of an environmental tax on
the domestic trade balance would depend, in the
case of a carbon tax, on whether the tax was used to
finance the lower capital and labor tax rates, the de-
gree to which oil imports are lowered, and what mix
of outputs emerges as the domestic economy
responds to higher energy prices. Presumably, the
overall effect would be small or nonexistent. Indeed,
studies of U.S. competitiveness—such as MIT's recent



Made in America—rarely mention energy prices as a
significant concern.49 Nevertheless, the impact on
carbon-intensive goods that are traded could be
more significant. As a result, it may be important
from a trade perspective to consider federal policies
(tax or otherwise) that would help minimize any
detrimental trade effects.

The ultimate impact of a carbon tax on
the domestic trade balance would de-
pend on whether the tax was used to fi-
nance the lower capital and labor tax
rates, the degree to which oil imports are
lowered, and what mix of outputs
emerges as the domestic economy
responds to higher energy prices.

Including impacts of carbon-bearing goods in the
tax scheme would be the most straightforward ap-
proach to reducing the trade impact on carbon-
intensive products. While imports of raw carbon-
bearing fuels would be taxed under most carbon tax
programs, products containing carbon or produced
using fossil fuels from outside the United States
would not be subject to the tax. Including imports
of these goods would equalize the relative price ad-
vantage of imports not subject to a domestic carbon
tax. Measuring and monitoring the direct and implicit
carbon content of imports would be difficult, but
probably not impossible, at least in terms of first-
order quantities. The U.S. tax on CFCs is applied to
imports of a wide range of consumer and industrial
goods.50

Rather than taxing imports, it can be tempting to
reduce the trade impacts of a carbon tax by either
broadening or restricting the basis of the tax. The
European Commission energy/carbon tax proposal
(see Box 4) has, in fact, done both. It combines a
broad-based energy tax and a carbon tax: the burden
on the European export markets, many of which are
fossil-fuel based, is reduced by including non-carbon
sources of energy (in particular, nuclear energy in

France) and excluding certain petrochemical and
energy-intensive industries.

A major rationale for changing the basis of a car-
bon tax is to change the distribution of the econom-
ic impacts—certainly the prime motivation behind
the different kinds of carbon taxes used in Europe.
Changing the universe of carbon sources to which
the tax applies may reduce the burden of the tax on
specific sectors, though it also penalizes those who
make cost-effective carbon dioxide reductions. In
general, however, it might be cheaper to shift the
burden of the tax in the other ways discussed below.

One set of tax exemptions may be consistent
with CO2 emission-reduction goals. Some carbon-
based fuels are not burned but are instead turned
into long-lasting products (such as plastics) that se-
quester or hold carbon for decades. This form of
fossil fuel consumption entails no carbon-dioxide
emissions—at least not within a policy-relevant time
period. Exempting these uses of fossil fuels from a
carbon tax through a tax credit, for example, could
give industries that are inoffensive from a carbon
standpoint a break without affecting emission reduc-
tions.51 Just as important, exempting sequestered car-
bon products would reduce the trade impacts of a
carbon tax, particularly since many of these products
are high-value exports subject to strong international
competition. The environmental case for a feedstock
exemption is, however, not clear cut. Many products
developed from petrochemical feedstocks may be
returned to the atmosphere quite quickly—fertilizers,
pesticides, and plastics that are incinerated as trash
are a few examples. Further, the amount of carbon
involved is quite small, suggesting that any economic
or trade effect from exempting feedstocks is also
likely to be small.

In the longer run, the competitiveness of the
United States relative to that of our major trading
partners will be determined by our ability to im-
prove and sustain the productivity of our workforce.
Meeting this goal requires an adequate stream of cap-
ital investments. Coupling a carbon tax with broader
tax-reform initiatives could create such incentives.
Just as important, some industries are likely to bene-
fit directly from a carbon-reduction strategy. Pro-
ducers of renewable-energy and energy-efficiency
technologies comprise just one set of potential win-
ners. Much of this equipment is traded internationally.



Developing these industries domestically would spur
opportunities abroad, especially as other nations

pursue energy-efficiency and renewable-energy
alternatives.

CCJfffi fDROPEAWEXPfRIINCE WITH CARBON TAXES
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consuming activities. Not surprisingly, therefore. Eu-
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Country-Specific Carbon Tax Programs
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Table 12. International Carbon Taxes
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Table 13. Fuel Price Implications of thi1 Swedish Tax Reform (US$)
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den.s ;isM)daied wnh <i pure carbon tax. First, the

SO.So split on enerji} and carbon lontcnt takes some

of the onus i)ll' the coal industry and coal users. Sec-

ond, the commission included provisions to protect

consumers and speii l i i energy-intensive industries.

• The proposal emphasizes that the tax should

be revenue-neutral from the taxpayer's standpoint.

The Commission encourages each country to offset

the cnergy.carbou rax by decreasing other lax bur-

dens on individuals and companies. The estimated

revenue of V.C.Y M) billion (I'SSoS billion) would be

collected and used by the individual governments, so

responsibility for implementing the principle of reve-

nue neutrality lies with each nation.

• In order to "maintain the competitiveness of

the (".oiunmnity " in world markets, (.-ner^y-intensive

industrial sectors (defined as those industries where

energy costs exceed K percent of total production

costs) are provided a graduated tax reduction or



refund. For example, firms with energy costs that ex-

ceed sn percent nf total prodiii.[ion costs have their

UN burden reduced In <;o percent. In addition, in-

dividual firms may he exempted completely trom

paying the tax. provided that they have undertaken

substantial energy-savings or carbon dioxide rcdtic

tion measures.

• Most importantly, the current draft of the

directive makes the application of the t.ix loudiiional

on the introduction or a "similar tax or of measures

th.u have an equivalent financial impact" by other

members ol the Organisation for Kconomic Co-

operation and Development (Ol id) ) . Though some

argue that this provision will effectively kill the

directive, many in the V.C view the conditionalitv

clause as a valuable mechanism to encourage interna-

tional debate about the carbon tax. particularly in

Japan and the In i ted Mates.

The draft directive, now being debated by vari-

ous ministerial groups, remains somewhat vague. Bui

it iloes contain some analyses. According to the pro-

posal, only modest macroeconomic costs will result

as long as a revenue neutral lax is introduced gradu-

ally dnd predictably. The 1'C as a whole would ex-

perience some reduction in the annual cioiioinic

growth r.ite (between UT and .1 percentage points)

and a temporary increase in the raie of inflation (.4

to .^ per annumi. Any positive effects thai might re-

>uli Irom the policy are not l i ted in ihe proposal.

The !•:<: lax proposal is f.ir from becoming law.

The Commission's communication to the members

of the V.C. and the resulting draft directive are meant

to elicit open dialogue among representatives from

each slate, thereby moving the Community, toward

consensus. Further work by the Commission and

various ministerial groups will undoubtedly result in

revisions to the directive as it now stands. Formal ac-

tion to accept the tax hinges on many contentious is-

sues, the most controversial being conditionally.

Regardless if ihis new obstacle can be removed,

close scrutiny can be expected since, under the rules

of the Single F.uropean Act. all taxation issues require

a unanimous decision.''

Efforts by national governments to reduce emis-
sions of CO2 do not have to burden domestic econo-
mies. In fact, they can have the opposite effect. But
the outcome does depend on how governments
choose to do it. A carbon tax strategy that recycles
the revenues from a carbon tax and links them to
economically productive tax reform will create new
economic opportunities that can actually improve
overall welfare. Other approaches are unlikely to
provide similar opportunities. Of course, even if the
economy can be made more robust as a whole,
some groups will be worse off, as a result of the
new tax. But it is not necessary to forego all of the
economic advantages of a tax-based approach to

carbon reductions to protect the disadvantaged.
Carefully targeted compensation programs can
redress distributional inequities and leave the eco-
nomic benefits intact.

If a carbon tax strategy has all of these valuable
attributes, why isn't it the program of choice in the
United States? The answer to this question lies in the
politics of taxation in the United States and a fun-
damental public distrust of government's willingness
to raise one tax and lower another. But even though
both these obstacles are ingrained and formidable,
the economic and environmental benefits of a car-
bon tax strategy would reward the nation handsome-
ly for overcoming political inertia and suspicion.
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NOTES

1. There are several recent discussions of this point.
See in particular; Congress of the United States,
Congressional Budget Office. Carbon Charges as

a Response to Global Warming: The Effects of

Taxing Fossil Fuels (Washington, DC: U.S. Gov-
ernment Printing Office, August 1990), and Dorn-
busch, Rudiger and James M. Poterba (editors).
Global Warming: Economic Policy Responses,

(Cambridge: The MIT Press, 1991).

2. Although the nature and extent of the impacts
may differ.

3. A useful summary of the science of climate
change and its potential risks can be found in:
Climate Change: The IPCC Scientific Assessment,

Intergovernmental Panel on Climate Change, J. T.
Houghton, GJ. Jenkins and JJ. Ephraums (eds.),
Cambridge, 1990.

4. See Energy Information Administration, NES Ser-
vice Report #2 (SR.NES/90-02), "Energy Con-
sumption and Conservation Potential: Supporting
Analysis for the NES," December 21, 1990.

5. "The Changing Atmosphere: Implications for
Global Security," statement from international
meeting sponsored by the Government of Canada
in Toronto, June 27-30, 1988.

6. Worldwide, carbon contributes 66 percent of to-
tal greenhouse gas emissions (weighted by extent
of contribution to total warming), a number
which is expected to increase over time. Carbon
emissions constitute 53 percent of total U.S.
emissions.

7. Another more direct means is a system of emis-
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