American Economic Association

Model Comparisons of the Costs of Reducing CO2 Emissions

Author(s): Darius W. Gaskins, Jr. and John P. Weyant

Source: The American Economic Review, Vol. 83, No. 2, Papers and Proceedings of the
Hundred and Fifth Annual Meeting of the American Economic Association (May, 1993), pp.
318-323

Published by: American Economic Association

Stable URL: http://lwww.jstor.org/stable/2117684
Accessed: 26/02/2014 16:39

Y our use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp

JSTOR is anot-for-profit service that helps scholars, researchers, and students discover, use, and build upon awide range of
content in atrusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

American Economic Association is collaborating with JISTOR to digitize, preserve and extend accessto The
American Economic Review.

http://www.jstor.org

This content downloaded from 171.64.112.91 on Wed, 26 Feb 2014 16:39:00 PM
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/action/showPublisher?publisherCode=aea
http://www.jstor.org/stable/2117684?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp

Model Comparisons of the Costs of Reducing
CO, Emissions

By DArius W. GaAskiNs, JRr., AND JoHN P. WEyYANT *

Concern about the extent of global cli-
mate change and its potential consequences
has increased dramatically in recent years.
Many believe that unprecedented climate
changes are—or soon will be—occurring as
the result of man-made emissions of green-
house gases. The largest man-made source
of greenhouse gases is carbon dioxide pro-
duced by the combustion of fossil fuels in
utility and industrial boilers and in internal
combustion engines. Thus, any effort to re-
duce greenhouse-gas emissions will start
with efforts to restrict these activities.
Therefore, it seems essential to develop a
range of projections of the likely costs of
alternative levels of control of carbon emis-
sions from the energy sector.

The EMF 12 working group of the En-
ergy Modeling Forum specified 13 standard-
ized scenarios reflecting a range of carbon
emission-control levels, as well as sensitivi-
ties on key standardized inputs. These sce-
narios were ultimately implemented by 14
modeling teams employing a wide variety of
technoeconomic models, although not every
model could implement every scenario. In
addition to these model comparisons, ten
study groups were formed to analyze issues
not being addressed by the 14 models and
13 scenarios. These groups used additional

*Senior Partner at High Street Associates, 50 High
Street, The Landmark Building, Boston, MA 02110,
and Professor of Engineering-Economic Systems, Stan-
ford University, Stanford, CA 94305, respectively.
Gaskins was Chairman of the EMF 12 Working Group,
and Weyant is Director of the Energy Modeling Fo-
rum. The full EMF 12 Working Group report is to be
published as a book entitled Reducing Carbon Dioxide
Emissions; Costs and Policy Options later in 1993. The
contributions of the almost one hundred individuals
who contributed to the EMF 12 study are acknowl-
edged there.
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models and methods to analyze issues not
addressed in the 13 original scenarios.

I. Basic Control Scenarios

Six of the 13 EMF 12 scenarios employed
the same GDP, population, resource avail-
ability, and technology assumptions, but
considered different levels and rates of CO,
emissions control:

(i) Reference.—No control;

(ii) 20-percent Reduction.—A 20-percent
reduction in CO, emissions in the de-
veloped countries and no more than a
50-percent increase in the developing
countries relative to 1990 levels by 2010;

(iii) 50-percent Reduction.—The same as (ii),
but with an additional reduction in CO,
emissions in the developed countries to
50-percent below their 1990 levels by
2050;

(iv) Stabilization.—Hold CO, emissions in
the developed countries to their 1990
levels by the year 2000, with the devel-
oping countries again constrained to no
more than 50-percent above their 1990
levels;

(v) Phased-In Carbon Tax.—A tax that es-
calates from $15 per ton in 1990 at 5
percent real per year;

(vi) 2 Percentage Points Per Year Reduction.
—Annual reduction in emissions rela-
tive to the reference case.

In implementing these scenarios the mod-
eling teams generally used taxes based on
the carbon content of fossil fuels to achieve
the emissions reductions (except for the
government revenues a carbon tax would
produce, this formulation is equivalent to a
system of carbon-emission permit trading).
These carbon-tax projections provide us with
a rough estimate of the degree of market
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intervention that will be required to achieve
the carbon-emission reductions. Most of the
models included anticipated results from
new technology development and conserva-
tion programs in the reference case. How-
ever, in these models there is no explicit
consideration of market imperfections that
may be causing current energy consumption
patterns to differ from what perfectly func-
tioning competitive markets would produce.
More efficient, but more expensive, tech-
nologies are generally selected in the con-
trol scenarios, but no additional technology
development is generally assumed to occur.
Only one model adds additional conserva-
tion programs explicitly in those scenarios,
and only one model includes endogenously
determined rates of technological change.
Finally, in their initial implementation of
these scenarios the modeling teams as-
sumed no international emissions trading,
lump-sum rebate of any tax revenues col-
lected, and no carbon offsets, such as those
that might result from tree planting. A
number of general points can be made from
examining cost-of-control projections for
these scenarios:

1.—The impact of these control options
on global climate change over the next 20
years may be quite limited. Even in the
most tightly controlled scenarios, the reduc-
tion in cumulative CO, emissions over this
period are projected to be no more than 25
percent relative to the reference case. The
impact of the control programs on atmo-
spheric concentrations of CO, and climate
change over that time period would be even
less. By 2050, however, the 50-percent re-
duction scenario results in cumulative emis-
sions that are as much as 55-percent below
those projected in the reference case.

2.—Despite the inclusion of improved
technologies and improved energy effi-
ciencies in the reference case, all models
project that market intervention will be re-
quired to achieve each of the emissions
targets in all regions. When the more strin-
gent carbon- limits are considered, many
models project the intervention required to
be equivalent to carbon taxes of hundreds
of dollars per metric ton. For example, the
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FiGURE 1. CarBON TAxEs REQUIRED To
AcHIEVE CARBON-EMISSION REDUCTIONS IN THE
UNITED STATES IN 2020

projections of the average carbon tax re-
quired during 2000-2020 to reduce U.S.
carbon emissions by 20 percent by the year
2010 with respect to their 1990 level range
from $50 to $330 dollars per metric ton as
shown in Figure 1.

3.—These carbon taxes would generate
substantial tax revenues that could be used
for a number of purposes including reduc-
ing other taxes, deficit reduction, and addi-
tional government spending. For example,
the projections of the average annual tax
revenues raised in the United States from
2000 to 2020 to achieve the 20-percent re-
duction in CO, emissions range from $65
billion to $300 billion.

4.—The impact of a carbon tax on gross
domestic product (GDP) measures its costs
to the economy in terms of lost output re-
sulting from the increase in the price of
goods requiring carbon emissions; those
goods must either be produced with less
carbon or by more expensive processes. The
GDP loss also includes the impact of the
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carbon tax on capital stock accumulation
and technological progress, although not all
models capture these phenomena. The
models initially assumed lump-sum redistri-
bution of tax revenues; That is, tax revenues
are used to reduce total tax payments by
individuals and corporations without affect-
ing marginal tax rates (e.g., by increasing
the standard deduction). The GDP losses
calculated in this manner measure the cost
of the distortions to the economy caused by
the imposition of the carbon tax without
either adding a credit or subtracting a
penalty for the way the revenues are used.
Under this assumption, and assuming no
adverse trade effects, the model projections
of the cost of stabilizing CO, emissions at
today’s levels range from 0.1 percent to 0.5
percent of GDP in 2000 for the United
States, and the cost of achieving a 20-per-
cent reduction in CO, emissions relative to
today’s level range from 0.9 percent to 1.7
percent of U.S. GDP in 2010. Although 1.7
percent of U.S. GDP in 2010 amounts to
about $130 billion 1990 dollars, the implied
reduction in the GDP growth rate between
1990 and 2010 would only be from about 2.3
percent per year to 2.25 percent per year.
Thus, it is possible to reduce emissions sig-
nificantly from their noncontrolled level
without significantly reducing the growth of
the economy.

5.—The way in which carbon-tax rev-
enues are used has an important impact on
the projected GDP loss. The projected GDP
losses could be reduced substantially (rela-
tive to those calculated for the lump-sum
recycling case) by using the carbon-tax rev-
enues to reduce existing taxes that discour-
age economic activity, particularly capital
formation. Simulations with four models of
the U.S. economy indicate that from 35
percent to more than 100 percent of the
GDP losses could ultimately be offset by
recycling revenues through cuts in existing
taxes. On the other hand, if the revenues
are used to fund low-return government
projects, the cost of achieving the carbon-
emission reductions could be substantially
greater than when they are recycled in
lump-sum fashion.
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6.—Regardless of where a model ranks
in terms of the cost of controlling emissions,
there is a great deal of similarity in how the
models project that costs will vary over time
for a particular level of control, and with
respect to the level of control in any partic-
ular year. First, the cost of a particular level
of control generally increases over time as
the reference level of emissions grows and
more adjustments must be made to reach a
fixed level of emissions. For example, as-
suming lump-sum recycling of carbon-tax
revenues, projections of the cost of stabiliz-
ing emissions in the United States range
from 0.1 percent to 0.5 percent of GDP in
2000 and from 0.2 percent to 0.75 percent
of GDP in 2010. In the longer term, say by
2050 or 2060, low-cost oil and gas reserves
are near depletion, and the incremental cost
of reducing emissions tends to stabilize at
the difference between the cost of carbon-
free sources of energy, like solar cells and
advanced-technology nuclear reactors, and
carbon-based sources of energy, like syn-
thetic oil and gas made from coal or ad-
vanced coal-fired power plants.

7.—Second, the cost of control appears
to be nonlinear with respect to the level of
control in any given year, especially up to
about 2040 before old fossil-fuel-based en-
ergy-producing and energy-consuming
equipment can be fully retired and new
carbon-free technologies can be fully intro-
duced. That is, incremental reductions in
allowable emissions cost more as the abso-
lute level of allowed emissions in any partic-
ular year is reduced. For example, the cost
of stabilizing emissions in the United States
range from 0.2 percent to 0.75 percent of
GDP in 2010, while the cost of reducing
emissions by 20 percent in that year ranges
from 0.9 percent to 1.7 percent of GDP, as
shown in Figure 2.

8.—If the OECD, or any other group of
countries unilaterally implements a carbon-
reduction program, resulting changes in in-
ternational energy prices will cause carbon
emissions in other countries to increase rel-
ative to reference-case levels. Increased car-
bon emissions by nonparticipating regions
occurs both as a result of increased energy
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intensity of economic activity and through
the migration of energy-intensive produc-
tion into unconstrained regions. Carbon re-
strictions place countries that control emis-
sions at a competitive disadvantage in
energy-intensive industries. Thus, the cost
to countries that control increases with the
level of cutback, but the impact on global
emissions may drop off sharply if large
groups of countries fail to cooperate.
9.—The - nonlinearity of year-by-year
costs of control, the tendency of this nonlin-
earity to decrease over time as new tech-
nologies can be more fully phased in, and
potential problems with recycling large
amounts of tax revenues and dealing with
large international trade shifts suggest that
there is a trade-off between the cost of
meeting an annual emissions target and the
emissions generated before the target is
reached. Moreover, the cost of meeting any
cumulative emissions-reduction target can
be reduced if it is phased in over a longer
period of time. If a fixed annual emissions-
rate target is specified, cumulative costs can
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be reduced with some increase in short-term
emissions if (a) more time is allowed for
reaching the target and (b) the instrument
used to achieve it—say, a carbon tax—is
phased in gradually rather than abruptly.
The cost reduction can be particularly sig-
nificant if the target date and rate of imple-
mentation are set to allow new carbon-free
technologies to be phased in smoothly. If
discounting of future costs is included in the
calculation (as some would argue is re-
quired to insure an optimal allocation of
society’s resources over time), the reduction
in costs resulting from a slower phase-in of
controls is even greater.

10.—More greenhouse gases in the atmo-
sphere may impose additional costs on soci-
ety, though, so it may not be optimal to
delay the imposition of constraints indefi-
nitely. These costs depend on atmospheric
concentrations of greenhouse gases, which
depend on cumulative emissions over time
rather than a single year’s emissions rate.
The 20-percent reduction scenario leads to
high short-run adjustment costs according
to the models included in this study. They
project that almost the same reduction in
cumulative CO, emissions reductions (and
no more than a 20-percent increase in cu-
mulative carbon emissions) can be achieved
with the phased-in tax by the middle of the
next century with a reduction of 30-40 per-
cent in cumulative costs (even without dis-
counting of future costs).

II. Sensitivity Analyses

The cost-of-control projections are sensi-
tive to variations in standardized input as-
sumptions:

1.—The cost of carbon constraints also
depends significantly on the assumptions
made about the cost of carbon-free tech-
nologies relative to the cost of carbon-emit-
ting ones. To explore this sensitivity, the
group examined an accelerated technology
scenario in which the cost of noncarbon
energy supply technologies (e.g., solar or
advanced nuclear) in the 20-percent reduc-
tion scenario are assumed to be reduced to

This content downloaded from 171.64.112.91 on Wed, 26 Feb 2014 16:39:00 PM
All use subject to JISTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

322 AEA PAPERS AND PROCEEDINGS

the cost of carbon-based ones (synfuels and
coal-fired electric generation) by 2010. Ac-
cording to all the models, this scenario re-
duces the annual cost of achieving the car-
bon constraint to zero by the latter part of
the 21st century. The costs of the constraint
during the early part of the next century are
not nearly as significantly reduced (only
10-30 percent), however, because conven-
tional fossil-fuel technologies are still being
used and because of constraints on the in-
troduction of the new carbon-free technolo-
gies that cause additional costs to be in-
curred until large-scale introduction of the
new technologies can be completed. This
latter effect reinforces the large cost-of-
adjustment effect observed above. Up until
about 2040, the required carbon tax exceeds
the zero difference in the costs of carbon-
based and carbon-free backstop technolo-
gies by a substantial margin.

2.—The study design includes a 2.2-per-
cent growth rate in GDP for the United
States over the next 30 years. Two of the
models included in the study produced in-
dependent GDP projections of 2.0 percent
and 1.4 percent per year over that time
frame. This results in lower carbon taxes
being required to meet any particular emis-
sions target. Interestingly, though, the com-
puted GDP losses are not significantly less
than in the other models, because higher
energy prices are projected to diminish pro-
ductivity growth. The lower GDP growth
rate was adopted for a low GDP growth
sensitivity scenario. This scenario does lead
to a significant reduction in the cost of
control because it directly reduces the refer-
ence level of emissions projected by each
model. In addition, when all the models are
run with the assumption of a low GDP
growth rate, they produce carbon taxes that
are more closely consistent with those pro-
jected by the lower-growth models.

3.—The cost of the transition to the
non-carbon-based energy technologies can
be significantly affected by the availability of
natural-gas resources. Since gas has a lower
carbon emissions rate than oil or gas, more
fossil energy can be consumed within any
emissions constraint if the use of natural gas
can be increased. The high natural-gas

MAY 1993

resources scenario postulates a quadrupling
of natural-gas resources in each region in
the 20-percent emissions-reduction case.
Although a number of analysts would now
argue for more gas reserves than assumed
in the EMF 12 study design, the quadru-
pling assumption is probably quite a bit
more optimistic than anyone currently pro-
jects. This assumption does lead to a
30-40-percent reduction in the discounted
cost of satisfying the emissions constraint
over the next 20 years.

II1. Differences in Model Projections

Estimates of the cost of achieving an
emissions target relative to the 1990 level of
CO, emissions by some future date are sen-
sitive to the reference-case emissions trajec-
tory projected by the model. A model with a
higher reference-case projection of total
emissions will require more adjustments to
reach the fixed target than one with a lower
reference-case emissions projection.

1.—Even when GDP growth rates are
standardized, a wide range of reference-case
emission projections are produced by the
models included in the study. By the year
2100, projections of CO, emissions range
from a 20-percent to a 200-percent increase
over 1990 levels. Much of the differences in
model projections from the models for 2100
can be explained by differences in the as-
sumed rate of decrease in energy use per
unit of economic output independent of en-
ergy price changes. For example, the
“Global 2100” model uses a value of 0.5
percent per year for this parameter, while
the Edmonds-Reilly model employs a 1.0
percent per year assumption, which over
110 years leads to aggregate energy use and
emissions projections that differ by almost a
factor of two. Estimates of this aggregate
parameter based on historical data range
from a rate of decrease of about 0.5 percent
per year to an increase at about that rate.
Researchers who have attempted to extrap-
olate the types and efficiencies of energy-
using equipment into the future have ar-
gued that the potential exists for a rate of
decrease in energy use per unit of economic
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output from 1 percent per year to more
than 2 percent per year.

2.—In the reference scenario, all models
project steady improvements (about 1 per-
cent per year in the United States) in en-
ergy intensity over the study’s time horizon,
but no strong movement toward or away
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from carbon-based fuels. Decreases in en-
ergy intensity and switching to less carbon-
intensive fuels are the major means of satis-
fying the requirements of the 20-percent
reduction scenario, with the fuel-switching
response being greater in the models with
more end-use technology detail.

This content downloaded from 171.64.112.91 on Wed, 26 Feb 2014 16:39:00 PM
All use subject to JISTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

	EMF 12 Executive Summ
	p. 318
	p. 319
	p. 320
	p. 321
	p. 322
	p. 323


