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YES, VIRGINIA, THERE IS A DOUBLE 
DIVIDEND 

Robert Repetto1

 

Executive Summary 

 This paper summarizes recent economic research on the costs of abating carbon 
emissions, particularly the "double dividend" hypothesis that emissions can be reduced at no net 
cost to the economy. The early rationale for a double dividend, that taxing pollution and using 
the revenues to reduce burdensome taxes would yield a net economic benefit, was 
oversimplified. It ignored the exacerbating effects of pollution taxes that raise prices on the 
distorting effects of pre-existing revenue taxes. This so-called tax-interaction effect can be quite 
significant, even for modest pollution reductions. 

 Yet, when distorting taxes exist, it is still better for the government to use revenue-raising 
pollution control policies, such as tradable emission permits that are initially auctioned off, and 
then to use the proceeds to reduce marginal tax rates. Doing so can offset most of the 
macroeconomic costs associated with the tax interaction effects. If the revenues raised in this 
way are used to reduce exceptionally distorting taxes, then a double dividend is possible. The 
likelihood of a double dividend is increased if the pollution control measure has little effect on 
prices, or if the environmental improvements themselves lead to substantially higher factor 
productivity in the economy.  
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I. Introduction 

Recently, the Intergovernmental Program on Climate Change, an international body 
drawing on the research of thousands of scientists around the world, issued its latest scientific 
report. (IPCC, 2001a)  It concluded with very high probability that greenhouse gas emissions are 
contributing to a change in the earth’s climate that, left unchecked, could bring potentially 
calamitous consequences. These new conclusions, based on accumulating evidence, are much 
stronger than those of the corresponding report issued five years earlier. Soon after the report 
was released, the  current Bush Administration announced that it was withdrawing from 
negotiations over the Kyoto Protocol to implement the Framework Convention on Climate 
Change, an international treaty signed by the first President Bush. The rationale: implementing 
the measures negotiated in the Kyoto Protocol would be too damaging to the American 
economy. 

These events show how large the cost of emission control looms over the debate on 
climate policy. Fears that production, income and economic growth would be reduced not only in 
the energy-intensive industries but in the economy as a whole have generated intense lobbying 
by opponents of government action, which has paralyzed the United States, the world’s richest 
nation. Because adverse economic impacts are feared, the pledge made at the 1992 Rio Summit 
to undertake voluntary measures to stabilize emissions at 1990 has been an empty promise. 
Emissions are currently 12 percent above 1990 levels. Because of such fears, the current 
administration has apparently decided to jettison the years of previous negotiations that led to the 
international agreement reached at Kyoto on binding targets and timetables for emission 
reduction, leaving the prospects for international cooperation very much diminished. 

The cost issue has come to the fore as the scientific issues have receded. The evidence of 
additional years of rising surface and atmospheric temperatures, rising ocean temperatures, 
receding glaciers, and thinning ice caps, combined with advances in climate modeling and 
simulation have convinced many former skeptics, including many major industrial groups. 
However, the fact that stabilizing greenhouse gas emissions in the atmosphere at prudent levels 
will require rather drastic reductions in emissions over the next half century, starting relatively 
soon, has intensified economic concerns.  

These concerns are justified. The required emissions reductions imply dramatic 
improvements in energy efficiency worldwide combined with rapid increases in the role of 
renewable and non-carbon energy sources and a rapid phasing down of coal combustion. This 
transformation must take place in the face of rising populations and living standards in the 
developing world that will create large additional energy demands. Should developing countries’ 
energy use continue to increase for some decades to accommodate their need for economic 
growth, the reductions required of the United States and other already industrialized countries 
would be all the greater. Those who look beyond the relatively modest initial reductions agreed 
to in the Kyoto Protocol to the longer-term changes required over the next half-century 
understandably worry whether the transformation can be accomplished without undermining 
economic prosperity. 

There have been few serious economic studies of the long-term implications, largely 
because the transformation will depend on technologies, such as hydrogen fuels and fuel cells, 
that are not yet commercialized. (IPCC, 2001b) However, there were many serious economic 
studies of the changes required by the end of this decade to meet the targets agreed to at Kyoto. 
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The technologies involved are already commercially available and their costs and cost 
trajectories are known. One might suspect, therefore, that there would have been general 
agreement on the economic costs of implementing the Kyoto Protocol. One would be wrong.  

Using gross domestic product (GDP) as a widely available -- albeit flawedi -- indicator of 
economic impacts, economic simulations made during the 1990s using a variety of models and 
methodologies predicted long-run economic impacts in a range of 5 percent of GDP in the 
terminal year. Thus, for example, in economic simulations extended out to 2020, predictions 
ranged from declines of 2-3 percent of GDP, relative to a reference case with no policies in place 
to restrict greenhouse gas emissions, to increases of 2-3 percent. (Repetto and Austin, 1997) This 
range represents more than $500 billion in current prices, a substantial sum. However, expressed 
as a deviation from the expected long-run economic growth rate of 2.5% per year, it amounts 
only to plus or minus 0.05% per year, a relatively small difference. 

Of course, all these forecasts have been rendered obsolete by the passage of time, since 
they all assumed that policy actions and implementing measures would be phased in during the 
1990s. Since US greenhouse gas emissions have been rising steadily to a level 12% above 1990 
levels by 2000, starting within the next few years to return them to a level 7 percent below their 
1990 level by 2010 would require more drastic and abrupt action and commensurately higher 
costs than would have been necessary had action been initiated earlier. This is another reason 
why the issue of cost and economic impact has intensified over time. The prediction that 
implementing the Kyoto Protocol would be too costly was, in this sense, a self-fulfilling 
prophecy because delaying implementation has indeed raised its economic costs substantially. 

Nonetheless, the challenge of stabilizing and then reducing GHG emissions remains.  The 
question whether doing so over an adequate period of time would impose substantial economic 
costs or confer substantial economic benefits on the US economy is crucially important. Should 
the economic costs be small or even non-existent, then taking the first steps away from the 
historical trend of rising emissions should be much easier. Should they be large, then difficult 
decisions would be required of politicians to impose significant economic burdens on current 
constituents in order to ward off future environmental risks that will be borne in large part by  
populations outside our borders. 

That  the range of serious estimates of economic impacts extended from a reduction of 
several percent of GDP to an increase of roughly the same magnitude demanded clarification and 
has received it. Several studies have shown how the cost estimates are systematically related to 
the assumptions built into the models and simulations that generated them. (Interagency 
Analytical Team, 1997; Repetto and Austin, 1997; Weyant and Hill, 1999; Weyant, 2000) Some 
of these assumptions have to do with the structure and functioning of the economy. Others have 
to do with the design of measures to limit emissions. The most important assumptions about the 
economy include the following: 

 

____________________________ 
iGross domestic product is the sum of final expenditures on consumption, investment, and government services. It 
puts no value on household leisure nor on non-market services affecting households, such as environmental 
amenities and disamenities 
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 The assumed growth of energy consumption in the business-as-usual case: The faster 
the rate of economic growth and the more energy-intensive the pattern of growth in the 
absence of any measures to reduce GHG, the more stringent and drastic such measures 
would have to be in order to achieve targeted reductions and the greater their economic 
impacts would be. Models differ widely in these baseline trends. Events during 2000 and 
2001, in which energy prices rose sharply and consumption decelerated quickly, 
demonstrate how rapidly past trends can change. 

 The extent to which cost-effective energy efficiency improvements are assumed to be 
available: Most macroeconomic models assume that all firms and households are already 
using energy efficiently, so that any further energy savings would come at a cost. By 
contrast, many empirical studies find that unused energy efficiency- enhancing measures 
are widely available that would reduce energy use at a cost savings and yield a superior 
return on investment. (Romm, 1999) 

 The assumed cost at which non-carbon energy sources will be available in future 
years. The costs of reducing carbon dioxide emissions will depend heavily on the costs 
and feasibility of replacing fossil fuels with non-carbon alternatives for power generation 
and transportation. Such alternatives now exist but their commercial penetration is 
limited and their costs are relatively high, though declining. How rapidly those costs 
decline as the use of non-carbon energy sources increases will be a major determinant of 
overall economic impacts. 

 The assumed flexibility of business and consumer responses to higher fuel prices. 
Many analyses assume that households are quite unresponsive to changes in energy 
prices and that businesses are scarcely more so. Others assume that over time higher 
energy prices would induce both consumers and businessmen to adopt more energy 
efficient equipment and to modify their practices to save energy. The less flexible  the 
economy is in response to price signals, the greater the economic impacts of measures to 
reduce carbon emissions. (Jorgenson, Goettle, Wilcoxen & Ho, 2000)The response to 
recent increases in energy prices indicate that price signals have brought about a 
moderation in energy consumption patterns and have affected household and business 
purchasing decisions. For example, sales of sports utility vehicles declined by 8% from 
2000 to 2001 in response to higher gasoline prices and the average resale price of SUVs 
fell by about 10 percent. 

 The effect of emission reductions on environmental damages and other pollution 
control costs. Reducing energy consumption and the burning of fossil fuels, particularly 
coal, would reduce damages to the economy not only from climate change. Doing so 
would also reduce a range of other environmental damages, such as air pollution, 
mercury and arsenic poisoning, damages from mining wastes, and the need for substantial 
expenditures in pollution control. Most estimates do not factor in these side-benefits nor, 
for that matter, do they include the damages from climate change itself. The extent to 
which feedbacks from the environment to the economy are taken into account affects the 
predicted economic impacts of reducing greenhouse gas emissions. (Jorgenson, Goettle, 
Wilcoxen & Slesnick, 1995) 

In addition to these assumptions about the structure and functioning of the economy, 
several key assumptions about the policy instruments that will be used to bring down greenhouse 
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greenhouse gas emissions might be economically unwise. A further corollary  was that the most 
economic emission tax rate or emissions reduction might be considerably less than the levels that 
balanced marginal benefits and control costs and might even be zero. The implications of the tax-
interaction effect for environmental policy seemed devastating. 

Nonetheless, though casting doubt on the initial argument for a potential double dividend, 
these insights about the tax-interaction effect underscored the advantages of raising revenues by 
auctioning off emission permits and using the revenues to reduce distorting marginal tax rates.  If 
this were done, then some or all of the extra tax-interaction costs could be offset. Cutting 
marginal tax rates would increase employment and investment, working in the opposite direction 
from the effect of environmental regulations. Cutting marginal tax rates also generates non-
marginal economic benefits when there are pre-existing distortions. These benefits are of the 
same order of magnitude as the tax-interaction costs generated by emissions permits and can 
offset some or most of those costs.(Goulder, Parry, & Burtraw, 1997; Parry & Williams, 1999). 

On these grounds, everybody involved in the debate agreed that some offsetting benefit 
can be obtained if revenues are recycled by reducing marginal tax rates. This conclusion came to 
be known as the "weak" form of the double dividend hypothesis but its policy implications are 
significant. Because of the revenue-recycling effect, the economic costs of an auctioned permit 
system could be much lower than the costs of a grandfathered permit system. In the simulation 
cited previously, the costs of reducing CO2 emissions 10% and 20% below baseline would be 
reduced from 5 times and 3 times the direct control costs to about 1.3 times if permits were 
auctioned off and the revenues devoted to tax cuts. In this simulation model, the tax-interaction 
costs were largely but not completely offset (Parry, Williams, and Goulder, 1999). 

Considerable economic analysis of the tax-interaction phenomenon apparently refuted the 
case for a double dividend, at least in its strong form. It is generally thought that the same 
amount of revenue raised on a relatively narrow tax base, such as fossil fuel use or carbon 
emissions, would create more distortion than the same revenue raised with a lower tax rate 
applied to a broader tax base, such as employment (Sandmo, 1976; Diamond and Mirrlees, 1971; 
Mirrlees, 1976). It did not appear possible that substituting permit auction revenues for income 
or profit taxes would reduce the overall burden of the revenue system. The argument seemed 
untenable that greenhouse gas emissions could be reduced, yielding an environmental benefit, at 
no net cost to the economy, even if revenues were collected and used for tax cuts. Pollution 
control did not appear to be an efficient means of  raising public revenues but rather a rather 
inefficient means 

. The same analysis, however, affirmed the "weaker" form of the double dividend 
hypothesis, that employing revenue-raising instruments of environmental policy and using those 
revenues for tax cuts would be economically more beneficial than employing policies that passed 
up such revenue raising possibilities.  If revenues are recycled “lump-sum,” in a way that does 
not change producer or consumer incentives, then distortions are not reduced. A “lump-sum” 
way of recycling revenues would be the “Skytrust” proposal to distribute auction revenues by 
sending every US household a check. Marginal tax rates would not be affected.  
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Grandfathering permits on the basis of historical emissions or allocating them freely on 
other criteria does not generate revenues, except for increased tax revenues on the windfall 
profits that would accrue to permit recipients. Most of the windfall profits would remain initially 
with the recipient firms and would eventually reach shareholders in the form of share buy-backs, 
increased dividends or capital gains realizations, or through mergers and acquisitions. Although 
most of these distributions would also be taxable, total revenue recovery would still fall far short. 
Tax cuts financed by increased corporate and personal income tax revenues on windfall profits 
would not be nearly enough to offset the tax-interaction effect. On such reasoning, the prospects 
of a double dividend seem negligible.. 

 

III. "Virginia, your little friends are wrong. They have been affected by the skepticism of a 
skeptical age." 

 Quite understandably, the theoretical and empirical underpinnings of the tax 
interaction phenomenon have themselves come under scrutiny by economists. Almost all accept 
the basic proposition but economists have pointed out many ways in which its application to 
environmental policy should be qualified. These qualifications introduce several new empirical 
complications that put the outcome very much in doubt.  

First of all, the tax-interaction effect works through price increases in the industries 
subject to environmental controls, but the effect of an environmental policy on output prices 
depends on the market conditions in that industry. Almost all economic models assume that 
firms and households already use energy efficiently, implying that measures to reduce emissions 
would necessarily raise energy costs. However, to the extent that there are unexploited options to 
raise energy efficiency while reducing costs, as many "bottom-up" technologically oriented 
studies find, then the effect on output prices would be moderated. Consequently, so would the 
tax interaction effect. Many such options have been documented. For example, cogeneration 
could be profitably employed in the United States on a much wider scale. Regulated electric 
utilities have had little interest in such investments because they could pass along all fuel costs in 
their rate base. Through their monopoly positions, they could also discourage large industrial 
customers from making such investments by setting the terms on which they would allow surplus 
power onto the grid. As a result, US utilities alone discharge more energy as waste heat than the 
entire Japanese economy uses. (Romm, 1999)    

 Aside from this possibility, if demand for an energy-intensive industry's output is quite 
price elastic, because of intense import competition, for example, higher production cost might 
reduce the domestic industry's output and increase imports with little effect on prices. Production 
of newsprint and other standard paper commodities are intensely competitive worldwide, for 
example. A measure that raised US production costs would have more effect on import supply 
than on US prices, because US firms might not be able to pass those costs along. The long-run 
effect might be to shift production offshore rather than to raise prices.   
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However, in some sectors, US consumption levels significantly affect world prices. To 
the extent that carbon permits would reduce US gasoline consumption, world oil prices would be 
somewhat depressed. Some of the costs would thereby be shifted onto foreign producers. 
(Chapman & Khanna, 2000; Adelman, 1993). Most analyses of climate policy issues assume that 
the United States is a pure price-taker in international energy markets. In fact, US demand for oil 
affects the world price (Broadman & Hogan, 1988; Huntington, 1993). Consequently, an 
auctioned permit system for fossil fuel might capture rents that would otherwise flow to OPEC 
and other foreign suppliers. This lowers the economic costs to Americans and raises the 
likelihood of a double dividend (Bovenberg, 1999). 

In an industry without significant import competition, such as electric power, market 
conditions can still be important. Where retail electricity prices are controlled through rate of 
return regulation, pollution control costs would enter the rate base, raising average generating 
costs and retail rates. However, public utility commissions might exclude the value of emission 
permits from the rate base if permits are not purchased by utilities, limiting the rise in electricity 
tariffs. In deregulated markets in which prices are set by the short-run costs of the marginal 
generating plants or by non-competitive bids that capture short-run scarcity rents, pollution 
control costs incurred by infra-marginal coal-fired base load plants might not affect output prices 
at all, especially if rates are effectively set by peak-load gas-fired or hydro plants.  

In resource-based industries with heavy fixed costs, such as coal mining or crude oil 
production, output limitations would tend to fall partly on the rents earned by resource owners. 
Research on tax incidence tells us that taxes are mostly borne by factors of production that have 
few or no other uses. Labor and capital can find other employment but there are few other uses 
for a coal mine. Since taxing resource rents does not cause distortions by reducing supply, the 
direct and tax-interaction costs of the permit system would be lower, and easier to offset by a 
revenue-recycling approach. The likelihood of a double dividend is increased to the extent that 
permit costs would come out of resource owners’ returns (Fullerton & Metcalf, 1997a,b). 
However, some tax-interaction studies encompass only capital and labor inputs, ignoring 
resource rents, and assume that permit costs would be entirely shifted forward in higher product 
prices.  

To summarize: market conditions determine the extent to which the costs of 
environmental controls are shifted forward into output price increases. Under some conditions, 
the higher costs may come out of the profits of capital or the rents earned by resource owners or 
from foreign suppliers. To the extent that output prices are not pushed up, the tax-interaction 
phenomenon is averted. 

The tax-interaction literature also made important simplifications concerning 
environmental impacts on the economy. These require additional qualifications to the basic 
argument. Ironically, most macroeconomic economic models used to simulate the impacts of 
environmental policy options ignore the economic impacts of environmental change. Most of 
these models were constructed originally to analyze other issues: the business cycle, tax policy, 
or energy planning. Therefore, they abstract from environmental feedbacks to the economy, even 
though the main justification for environmental protection is to avert damages to human health, 
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to natural resources, and to economic productivity. The tax-interaction literature abstracts from 
these benefits. Most analyses have assumed, unrealistically, that an improvement in 
environmental quality would have no effect on the demand or supply of any good or service. For 
example, an improvement in air quality or a reduction in summer time heat and humidity is 
assumed to have no effect on health and labor supply. This is purely an assumption of 
convenience that ignores decades of research in environmental economics, which has measured 
the cost of environmental degradation by tracing its effects on observable markets (Freeman, 
1993). Realistically, an improvement in air quality or a prevention of climate change would 
avoid economic damages to health. Ill health causes a shift in the relative preference for leisure 
over work. People tend to take time off from work when ill. Serious illness forces people to stay 
home in bed or to spend time in the hospital. This kind of enforced leisure reduces labor supply. 
An improvement in environmental quality, such as air clearer of smog and fine particulates, 
would itself tend to raise labor supply.  This environmental effect reduces the distortion caused 
by labor taxes and counters the tax-interaction effect, but was assumed away by the early 
critiques of the double dividend hypothesis (Schwartz & Repetto, 2000). 

Similarly, higher labor and capital productivity due to improved environmental quality 
would raise returns to both factors and increase supply. Higher productivity would be expected 
from the effect of improved air quality on farm, forestry, and fisheries. (Smokestacks are a major 
source of nitrate deposition, which leads to the eutrophication of water bodies.) . Averting 
climate change would forestall losses from floods and droughts. Driving less would reduce losses 
from road congestion. Such effects as these raise capital and labor productivity and also counter 
the distortions caused by labor and capital income taxes. When such feedbacks from 
environmental quality to the economy are taken into consideration, the impact of tax-interaction 
effects is moderated and the possibility of a double dividend is greater. Whether a double 
dividend occurs is an empirical matter. (Bovenberg & de Mooij, 1997; Ballard & Medema, 1993; 
Mayeres & Proost, 1997). 

The early critiques of the double dividend hypothesis based on the tax interaction affect 
understandably illustrated their argument with a stripped-down representation of the economy, in 
order to present their case in the clearest possible terms. However, the simplifications they made 
advanced clarity at the expense of realism. Another example of this tendency is their  over-
simplified description of the tax system. This had the effect of under-estimating the potential 
gains from cutting the tax rates of the most distorting taxes. Early explorations of the tax 
interaction effect were overly simplistic in assuming away various distortions in the existing tax 
structure and in ignoring other complications. These simplifications led to underestimating the 
likelihood of a double dividend. For example, some analyses implicitly assumed that the pre-
existing tax structure was already optimal, in the sense that it minimized the burden on the 
economy for a given level of government revenues ( Ballard, Goddeiries & Kim, 2000; 
Bovenberg & de Mooij, 1994, 1995; Bovenberg & van der Ploeg, 1994; Fuest and Huber, 1999). 
Under such an assumption, using permit revenues to reduce some pre-existing tax rate could 
never produce a further improvement in the tax system, because all pre-existing taxes had the 
same marginal excess burden. So, there could never be a double dividend.  
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In reality, the US tax system is far from optimal. (Ballard, Shoven & Whalley, 1985: 
Fullerton & Henderson, 1989a, 1989b: Jorgenson & Yun, 1986; Fox, 2001) A variety of 
important distortions and other complications make it possible that a suitably designed exchange 
of permit revenues for tax reduction could produce a net economic gain, even apart from the 
environmental benefits; in other words, a double dividend.  Some early analyses discounted the 
possibility that either capital or labor might be “overtaxed,” in the sense of having a relatively 
high marginal excess burden. In fact, some of these analyses assumed that labor was the only 
factor of production and ultimately bore all tax burdens. (Others assumed that capital was 
perfectly mobile internationally and consequently escaped taxation) (Bovenberg, 1999; Parry, 
1995). Under these assumptions, it was impossible to explore the possibility that shifting some of 
the tax burden away from the overtaxed factor could reduce the economic burden of the tax 
system. This shift would be accomplished by reducing the tax with the higher marginal excess 
burden. The reallocation of tax burden would be reinforced if the under-taxed sector used energy 
more intensively than the over-taxed sector. In that case, higher energy prices would also help in 
reallocating resources away from the under-taxed sector (De Mooij & Bovenberg, 1998; 
Bovenberg & Goulder, 1997; Goulder, 1995). 

There are few recent estimates of the marginal excess burdens of taxes on labor and 
capital income but older estimates suggest that taxes on capital income are the most onerous to 
the economy. (Ballard, Shoven, and Whalley, 1985; Jorgenson & Yun, 1986) Though tax codes 
have changed substantially since those estimates were made, nonetheless, most empirical studies 
have found that the marginal excess burden of taxes on capital income exceed those on labor 
incomes by a substantial margin, especially when international capital movements in response to 
changes in after-tax returns are taken into consideration. When investment can escape taxation 
by moving overseas, the excess burden of raising revenues by trying to tax investment income 
becomes quite large. (B⎯hringer, Pahlke, and Rutherford, 1997; Goulder, Shoven & Whalley, 
1983).  If so, then on efficiency grounds capital is overtaxed relative to labor. Auctioning carbon 
emission permits in a way that raised energy prices to consumers, thereby reinforcing taxes on 
labor incomes, and using the auction proceeds to reduce taxes on capital incomes, could produce 
economic gains by lowering the overall economic burden of the tax system. Simulation models 
exploring the effects of different revenue recycling options tend to support this possibility.  

The issue is even more complicated, however. Estimating the marginal excess burdens of 
broad tax categories, such as labor and capital income taxes, is much more complex when those 
tax rates are differentiated because of exemptions, deductions, preferential rates and other special 
provisions. (Engen et al., 1997; Jorgenson & Yun, 1986).  Such variability can make their 
marginal excess burdens significantly higher because the differential rates introduce a second 
kind of distortion. An increase in the marginal rate of the tax not only diminishes the overall 
supply of the good or service subject to tax, it also increasingly distorts the allocation of 
resources among the various taxed categories by increasing taxpayers’ incentives to take 
advantage of tax shelters. There is considerable differentiation of both labor and capital income 
taxes in the US economy, raising marginal excess burdens of both categories. These differentials 
are imperfectly reflected in most models used to analyze the costs of environmental protection 
measures Consequently, such models tend to underestimate the marginal excess burdens of both 
capital and labor income taxes and to underestimate the gains from revenue recycling.   
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For example, when there are tax-sheltered investment possibilities, an increase in capital 
income taxes both reduces the supply of investment funds and also increases the incentive to 
shift investments into tax shelters to gain after-tax advantages. When the tax rate differential is 
large, the latter distortion can be quantitatively significant because the investment options are 
close substitutes and investment flows readily among them in response to differences in after-tax 
returns. The reallocation of investment to take advantage of tax shelters is economically costly 
because an investment with a superior before-tax rate of return may have an after-tax return 
lower than that of a tax-sheltered investment opportunity. Since investors respond to after-tax 
returns, they will pass up the more productive investment opportunity, lowering overall 
economic productivity.  

Taxes on capital income are highly differentiated by type of asset (e.g., buildings vs. 
equipment vs. R&D), form of organization (e.g., incorporated vs. unincorporated business), and 
sector (e.g., agriculture vs. manufacturing) (Fullerton & Henderson, 1989a,b; Jorgenson & Yun, 
1986). The significant distortions caused by these tax differentials would correspondingly be 
diminished by a reduction in marginal capital income tax rates. Such a reduction would 
discourage the search for investment tax shelters while encouraging overall savings and 
investment. 

Similarly, when the tax on labor is differentiated because certain forms of income 
(owner-occupied housing, employer-provided medical benefits) are tax-exempt, an increase in 
the labor tax rate will not only reduce labor supply but will also shift labor supply toward tax-
favored activities ( Fox, 2001; Parry & Bento, 2000). Working for companies that provide 
untaxed benefits, for example, will be more attractive even though those companies may actually 
use workers less productively. Because reducing a pre-existing tax subsidy has a non-marginal 
effect on economic welfare, the "subsidy-interaction effect" can be quantitatively significant 
relative to the tax-interaction effect if such tax preferences are widespread. The share of total 
consumption that enjoys a tax preference is a key measure of the breadth of this subsidy. 

An important source of tax differentiation stems from the government’s inability to tax 
home-produced goods and services. Taxes on labor income distort both the choice between work 
and leisure and the choice between buying goods and making them at home (Sandmo, 1990; 
Kleven et al., 2000). When both distortions are considered, the marginal excess burden of payroll 
and other labor taxes is seen to be substantially higher than is usually estimated. Non-market 
consumption from household production is large, about one-third of total consumption 
(Landefeld & McCulla, 2000.). There is also close substitutability between home-produced 
services (e.g., a home-cooked meal) and its market equivalent (dinner out). A reduction in the tax 
rate on market wages and salaries would not only induce a shift toward market work at the 
expense of leisure, it would also induce a shift in favor of buying goods and services instead of 
producing them at home. Higher energy prices raise the costs of cooking meals at home and in 
restaurants, so doesn't much affect the relative costs of the two alternatives. However, lower 
labor taxes would reduce the cost of producing goods in the marketplace but, since non-market 
work at home is untaxed anyway, the cost of producing goods within the household would be 
unchanged. Consequently, using emission permit auction revenues to reduce labor taxes would 
reduce the distortion in favor of home-produced consumption and increase market labor supply.  
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An analysis of revenue recycling assuming that tax-preferred consumption amounted to 
only 12 percent of the total found that using permit revenues to reduce the marginal labor tax rate 
could actually achieve net economic savings, a double dividend, for emission reductions ranging 
from zero up to 30 percent. (Parry and Bento, 2000) Reducing the distortions in labor and 
consumption markets more than offset the direct pollution abatement costs and the tax-
interaction costs, by a substantial margin. However, even these optimistic findings about the 
possibility of a double dividend appear to be excessively conservative because the share of 
consumption that is tax-favored is not 12 percent but approximately 40 percent, taking home-
produced goods and services into account. Adjusting the analysis for this more widespread tax 
subsidy would result in larger net economic savings from auctioning permit revenues and 
recycling revenues through marginal labor tax rate reductions.  Moreover, such an analysis  
would predict a double dividend from pollution reductions even substantially larger than 30 
percent.  

Of course, tax differentiation and some other factors that increase the benefits of revenue 
recycling could also push up the costs of the tax interaction effect unless price increases raised 
the cost of both the heavily-taxed and likely-taxed alternatives. Depending on the facts of the 
particular case, the likelihood of a double dividend might be higher or lower than indicated in 
simple analyses. The introduction of  real world complexity introduces more theoretical and 
empirical uncertainty to the issue. Many characteristics of real-world economies, such as those 
discussed above, might result in a double dividend from a correctly designed policy of auctioned 
pollution permits and tax cuts.  The theoretical presumption against such a favorable outcome 
now appears much less strong than it did five years ago.  

 Moreover, counter to simplified theoretical analyses, empirical evidence from some 
economic models that carefully represent revenue recycling options supports the possibility of a 
double dividend from policies that moderately reduce carbon dioxide emissions and use permit 
auction revenues to cut marginal tax rates. As Table 1 indicates,  several such studies find a 
double dividend likely even though they take into consideration only some of the factors listed 
above that make a double dividend possible. Other equally careful modeling studies do not. 
Despite these contradictory findings, no empirical study has yet examined the possibility of a 
double dividend while incorporating all of the factors making a double dividend likely.  

The empirical modeling studies that predict double dividends do so for several revenue-
neutral substitutions of auction revenues for reduced rates of distorting taxes.  Some simulation 
studies predict double dividends for cuts in capital or corporate income tax rates or enhancement 
of an investment tax credit; other studies predict cuts in personal income tax rates. (See Table 2)  
The underlying differences among models have to do with assumed supply elasticities, 
substitution possibilities, and tax structures. No studies point toward the payroll tax as the option 
most likely to produce a double dividend. Since payroll taxes are dedicated to social security and 
Medicare trust funds, cutting them would be impractical in any case. And, for obvious reasons, 
no studies suggest that recycling revenues in “lump-sum” fashion without reducing marginal tax 
rates is an efficient  or effective approach. 
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These simulations reach optimistic conclusions regarding the likelihood of a double 
dividend despite omitting factors that would raise that likelihood further. Such factors include 
feedbacks from higher environmental quality to higher productivity of labor and capital, and the 
ability of the US economy to shift some of the costs of energy limitations onto foreign fuel 
suppliers. Because some economic analyses predict a double dividend from appropriately 
designed policies even under conservative assumptions, the possibility that such a double 
dividend could actually occur cannot be ruled out.  

A double dividend represents the best of all worlds because the threat of climate change 
can be reduced and air quality improved at no net cost to the economy. The gains from revenue 
recycling would be sufficiently large to offset both the tax-interaction effect and the direct costs 
of carbon abatement. That there is a real possibility of such an outcome is truly remarkable. 
However, the debate surrounding this issues has generated another insight that is scarcely less 
important. The second important insight is that if emission permits are auctioned and the 
revenues are used to reduce marginal tax rates of the most distorting taxes in the economy, the 
economy-wide costs of reducing emissions can be greatly reduced. Most, if not all, of the 
additional economic costs arising from interactions of environmental policy with pre-existing 
taxes can be offset. For this reason, auctioning permits rather than distributing them freely has 
significant economic advantages. Economic analysis and empirical simulations conclude that 
recycling auction revenues by cutting marginal tax rates produces superior economic results than 
distributing permits free or recycling revenues in ways that leave marginal tax rates unaffected. 
This finding confirms what is sometimes described as the “weak” version of the double dividend 
hypothesis, but it is not at all weak. The avoided damages and risks from climate change and air 
pollution justify some economic sacrifice, and a policy approach that can keep those costs low is 
eminently worthwhile. 

IV. The distributional issues: " Visions of Sugarplums" 

Though the focus of this paper and of the climate policy debate itself is on economic cost, 
the question of who bears the cost is critical. Even if a double dividend is achievable, there 
would still be winners and losers among industries and households. Potential losers from any 
climate policy can be counted on to mount an opposition. Households would certainly bear some 
of the costs. The impacts of a carbon permit system would be at least partly shifted forward in 
the form of higher prices for energy and energy-using goods and services. This would be equally 
true whether the permits are allocated gratis or auctioned. Most partial-equilibrium analyses of 
distributional impacts have assumed that impacts would be completely shifted forward. This is 
an assumption of convenience, not of conviction. General equilibrium analyses predict that 
impacts would be partially shifted forward and partially shifted backward onto owners of capital 
and resources. 

To the extent that impacts are shifted forward, the incidence would be mildly regressive 
across households at different income levels, when measured in terms of overall consumption 
expenditures (Bull, Hassett, and Metcalf, 1994; Jorgenson, Slesnick, and Wilcoxen, 1992). This 
parallels the pattern across expenditure brackets of total direct and indirect energy use as a 
percentage of total consumption expenditure, which falls slightly at higher consumption levels. 
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Consumption expenditure is a superior measure of permanent income because consumption 
tends to remain relatively stable in the face of transitory income fluctuations, which are absorbed 
largely by changes in savings and borrowings.  

To the extent that impacts are shifted backward, the mild regressivity of a carbon permit 
system tends to be reversed, because ownership of capital and resources is highly concentrated in 
the hands of wealthy households. The permit system becomes progressive, impinging relatively 
heavily on upper income groups. 

However, the distributional impact of the overall policy package is also affected by the 
tax cuts financed by auction revenues. If most permits are auctioned and revenues are recycled 
by reducing marginal income tax rates on wage and salary income, the package would be mildly 
progressive even if consumers bear the entire brunt of higher energy costs. The increased 
progressivity of the tax code would offset the mild regressivity of the permit system (Metcalf, 
1999). It would still be injurious to lower-income households that have little or no income-tax 
liabilities. In order to reduce the impact of higher energy-related prices on lower-income 
households, the implicit marginal tax rates on earned income embedded in the earned income tax 
credit system could also be reduced. For retired households, cost-of-living adjustments would 
compensate for higher energy costs. 

 If revenues are recycled entirely through reductions in capital income taxes, however, the 
package is made more regressive because of the concentrated ownership of capital in the United 
States (US Congress, Congressional Budget Office, 2000). The tax reductions reinforce the 
regressivity of the permit system. In this case, however, lower-income households might still be 
better off over time in absolute, if not relative, terms because the stimulus to investment might 
put national income on a higher growth path.  

If permits are allocated gratis, providing recipients with scarcity rents that exceed their 
costs, then the package would be even more regressive because such rents would accrue mainly 
to corporate shareholders, the economic costs of the policy would be substantially higher, and 
any stimulus to growth would disappear. As these considerations suggest, the distributional 
effects of the entire policy package should be taken into consideration, not just the effects of the 
permit system in isolation. 

The incidence of impacts among industrial sectors of a carbon permit system should be 
measured in terms of changes in profits, not changes in output. Reductions in output can be 
accompanied by sufficiently large price increases that profits increase. (Hoerner, 2000; Goulder, 
2000). The sectors most affected by a carbon permit system would be the coal industry, the oil 
and gas industry, and such energy-intensive industries as electricity generation, basic metals and 
chemicals. The financial impacts on these sectors would be determined by the decision whether 
to allocate permits to “upstream” energy supplying industries or to “downstream” energy using 
industries, and by the decision to allocate them freely, to auction them, or to combine the two 
options. 
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There are obvious political advantages to a system that gives permits away to firms on 
the basis of their historical emissions. This minimizes the financial impacts on the affected 
sectors and therefore reduces political opposition. Moreover, shepherding a package involving a 
significant greenhouse gas abatement policy linked to a major change in the tax code through the 
legislative process would be a formidable political task. Furthermore, the precedent with 
emission permits for other air pollutants has been to distribute permits gratis. Nonetheless, 
despite these arguments in favor of a grandfathered approach to allocating permits, the additional 
economic costs are large. If permits are given away, the substantial economic gains from revenue 
recycling are sacrificed, the economy-wide costs of the environmental regulation are magnified 
considerably, and the distributional implications are quite regressive (Goulder, Parry, and 
Burtraw, 1997). 

A compromise approach is possible because a completely grandfathered approach to the 
allocation of permits would substantially overcompensate the sector that is forced to reduce 
output or emissions. The market value of the permits would be many times greater than the 
control costs the sector would have to incur. One simulation of this issue found that an 
“upstream” carbon cap-and-trade system that grandfathered permits to coal mining companies 
and other fossil fuel suppliers would lead to a ten-fold increase in the value of coal company 
shares. The price increases in fossil fuels would more than offset the reduction in the volume of 
sales. For coal mining companies, the government would in effect create a domestic cartel that, 
like OPEC, would jack up prices and profits by limiting production. If permits were allocated 
without charge, recipient companies would be able to keep those windfall profits, or “rents.” The 
enhanced stream of profits would raise the value of coal company shares. (Bovenberg & 
Goulder, 2000) Energy-dependent sectors would be completely compensated, as indicated above, 
if they were given a small percentage of carbon permits and acquired the remainder at auction.  
(Goulder, 2000). This compromise approach could capture most of the gains from revenue-
recycling and still eliminate adverse impacts on the most energy-sensitive industries. 

In summary, a large body of economic research and analysis leads to the conclusion that 
a substantial start can be made over the next one or two decades to bring down greenhouse gas 
emissions at a very modest overall cost to the economy, if any. Moreover, any severe 
distributional impacts can be prevented. Accomplishing this will require a well-designed policy 
approach phased-in with adequate lead-time and a minimum of uncertainty. Full advantage 
should be taken of cost-reducing domestic and international trading opportunities. Moreover, the 
policy should take advantage of revenue recycling options, which can markedly lower economy-
wide costs. 

 Because of uncertainty regarding the most efficient revenue recycling approach and 
because of distributional considerations, a well-balanced policy would: 

 distribute a small fraction of permits to the most affected industries, which would be 
primary fuels industries in an “upstream” permit system and energy intensive industries 
in a “downstream” permit systemi 

 auction the large majority of permits 
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 use the revenues to reduce marginal rates of personal income taxes, which are taxes on 
both labor and capital incomes. 

 

 

 

 

 

 

 

Table 1. 

Model Characteristics DRI LINK JWS Goulder G-cubed 

Model results show a 
possible double dividend 

yes yes yes no Yes 

Most efficacious revenue 
recycling option:  

ITC ITC PIT ITC ITC 

1. Tax-preferred activities 
and tax rate differentials 

X   
x 

 
x 

 

2. Differences in modeled 
marginal excess burdens 

 
x 

  

x 

 

x 

 

3. Permits as rent taxes 
and/or optimal tariffs 

  

x 

 
x 

x  

X 
4. Feedbacks from environ-
ment to market behavior 
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Table 2 

Estimated GDP Change, 1990-2010   
(percentage of discounted constant price GDP unless noted, bold indicates most favorable option) 

 Models 
Revenue 
Recycling 
Options 

1  
DRI  
(GNP) 

2  
LINK 
(GNP) 

3  
J/W ’93 
(GNP) 

4  
Goulde
r 
(GNP) 

5  
J/W ’95 

6  
J/W ’98 

7  
J/W  
‘2000 

8  
G-cubed 

9  
EIA 
DRI 

10  
IAT 
DRI 

11 
Clinton 
SGM 

12 
SG

Lump 
Sum  

-0.58% -0.46% -0.62 -0.24% -1.00%  -
0.52%  
-
1.25% 

-0.19%   -0.01% 
-0.05% 

-0.

‘Grand 
fathered’ 

     -1.09    -0.45%   

Personal 
Income  

-0.56% -0.53% -0.16% -0.16% +0.22 % +0.44 -0.45% 
+5.92% 

-0.17% -3.5% -0.8%   

Capital 
income 

    +0.24%        

Corporate 
Income  

0.40% -0.11% 0.60% -0.17%  -0.41%  +0.09%  -0.03%   

60% Corp 
40% Pers 

     -0.12%    -0.38%   

Payroll  
employee 
Employer 

 
-0.58% 
0.19% 

 
-0.53% 
-0.25% 

 
NA 
NA 

-0.18%     -1.36%    

Deficit 
reduction 

       -0.12%  -0.46%   

Nonenerg
y sales 

    -0.21% 
 

       

ITC Credit 1.55% 1.67% NA 0.00%    +0.19%     
Property 
Tax 

    +0.3        
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Appendix One: Details of Empirical Economic Models Cited in Table 2 

DRI#1, LINK, J/W’93, Goulder ’93 

Shackleton, R. et al. 1993. The Efficiency Value of Carbon Tax Revenues. Stanford, 
California: Stanford University Energy Modeling Forum. Document WP 12.8. January, 
1993.  

Scenario assumptions. Each model analyzes the impact of a revenue neutral $15 per ton 
carbon tax imposed in 1990, growing 5% annually to $39.80 per ton in 2010, and 
constant thereafter. Government revenues are estimated at $20 billion in 1990, rising to 
$50-$85 billion in 2010. 

Findings. Emissions results vary across the models and depend on the degree of 
substitutability between fossil fuels and other inputs. The macro models (DRI and LINK) 
incorporate lower estimates of substitutability away from energy than the CGE models 
(J/W and Goulder). Emissions changes vary also by revenue recycling option. By 2010 
emissions are cut by at most 12% in DRI, 7% in LINK, 23% in J/W, and 27% in Goulder.  

Revenue Recycling: lump sum, deficit reduction, personal income tax, corporate income 
tax, payroll tax, increased investment tax credit. Despite wide variation in outcomes 
across models a general ranking emerges. Options that encourage capital formation tend 
to offset the carbon tax effects on output (GNP) and consumption better than those that 
encourage final consumption.  

Based on GNP: DRI, LINK and J/W favor ITC and corporate tax cuts, Goulder favors 
ITC and personal tax cuts but only by a slight margin. Based on consumption, DRI and 
LINK again favor ITC and corporate tax cuts, J/W favors personal followed by corporate 
tax cuts, and Goulder favors payroll cuts followed by personal income tax cuts.  

 

J/W’95 

Jorgenson, D.W., and R. Goettle, D. Gaynor, P. Wilcoxen, D. Slesnick. 1995. “Social 
Cost Energy Pricing, Tax Recycling and Economic Change.” U.S. EPA Office of Policy, 
Planning and Evaluation. EPA Contract No. 68-W2-0018. 

The JWS model is used to estimate the effects of energy taxes to reduce externalities. Tax 
rates are set to approximate the marginal damages associated with climate change 
damages estimated by Nordhaus and pollutant damages reported by Viscusi. Social cost 
pricing is implemented in the model by raising existing sales tax and tariffs on coal, 
lumber, refined petroleum products and gas utility sales. Carbon taxes are based on 
carbon content of fuels.  A set of four scenarios are examined with various combinations 
of ‘climate’ and ‘pollutant’ tax rates (e.g., high-high, medium-medium,  low-low).  
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Pollutant taxes are constant over time, climate taxes rise over time as GHG accumulate 
and damages rise.  

The results displayed are for the combined low tax case (i.e., low pollutant and low 
climate tax). This analysis suggests that revenues recycled through reductions in property 
and capital taxes yields net welfare increases in addition to the environmental benefits 
(i.e., double-dividend).  Reductions in marginal labor are also supported ahead of 
reductions in non-energy sales taxes and lump-sum, respectively.  

J/W’98 

Jorgenson, D.W., R. Goettle, P.Wilcoxen, D. Slesnick. 1998. “Carbon Mitigation, Permit 
Trading, and Revenue Recycling.” U.S. EPA Office of Policy Development. Contract 
No. 68-W6-0029. 

The JWS model is used to examine phased reductions in carbon emissions beginning in 
2000. Emissions are cut to 1990 levels by 2010 through a system of tradable permits. The 
study examines the effects of ‘grandfathering’ permits, and auctioning permits in which 
revenues are used to reduce taxes. The recycling options considered include reducing 
corporate income taxes, personal income taxes, and a 60%-40% split of corporate and 
personal income taxes, respectively.  The effect of grandfathering is essentially modeled 
as a lump-sum redistribution of revenues to households (assumed shareholders). Market 
prices for permits are estimated to rise from $5/mt in 2001 to $70/mt in 2010. Results 
indicate that real GDP falls under grandfathering and corporate tax cuts, and rises with 
cuts in personal taxes.  

J/W ‘2000 

Jorgenson, D.W., R. Goettle, P. Wilcoxen, M.S. Ho. 2000. "The role of substitution in 
understanding the costs of climate change policy." Prepared for Pew Center on Global 
Change. 

The results shown are average percentage changes over the period, 1996-2060, i.e., not 
just for 2010.  Climate change policy is modeled by reducing carbon emissions beginning 
in 2000 to their 1990 level by 2010 and beyond. The average reduction compared to the 
base case is 28% over the 1996-2060 period.  The constraint is implemented through a 
tradable permit system (no international trading is modeled).  Energy imports require 
permits, and energy exports are affected in that U.S. energy prices reflect the imposition 
of emissions reductions on domestic energy production.  

The focus of this study was on the effects of various assumptions regarding economic 
flexibility, including the degree of flexibility in substitution of inputs in production, in 
consumption mix, and between labor and leisure.  GDP and consumption paths are 
highest when producer flexibility is reduced and revenues are recycled by lowering 
personal income tax rates. This, paradoxically, results from the substantially higher 
permit prices that are necessary for emissions reductions. Lump-sum recycling is 
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worsened by this reduced flexibility; however,  the greater reduction in distorting 
personal income taxes generates even greater increases in labor supply.  

G-cubed 

McKibben, W.J. and P.J. Wilcoxen. 1999. Environmental Policy and International Trade. 
In Modelling Change in Integrated Economic and Environmental Systems. S. 
Mahendrarajah, A.J. Jakeman, and M. McAleer, eds. John Wiley and Sons Ltd. 

The G-cubed model estimates the effects of a $15/mt unilateral carbon tax. The results 
support recycling revenues by enhancing industry investment and return on investment 
through increased investment tax credits and corporate tax cuts.  The strength of this 
model is its ability to model trade effects.  Authors conclude that a unilateral tax will not 
cause much trade redirection and the domestic emissions are little affected by 
coordination of the tax with other countries. They find only a small shift overseas of 
carbon intensive production, owing to the observation that the most carbon intensive 
activities in the economy are non-traded. Coordination does, however, reduce the overall 
GDP cost. Their strong results favoring capital tax relief , the authors state, depends 
critically on their ILA model of savings behavior.  “The effect of this assumption is to 
make the long-run supply of savings very elastic near the growth-adjusted rate of time 
preference. Other formulations could yield smaller excess burdens for capital.”   

EIA DRI 

Energy Information Administration. 1998a. “Impacts of the Kyoto Protocol on U.S. 
Energy Markets and Economic Activity.” SR/OIAF/98-03, Washington, D.C. 

EIA analyzes the macroeconomic impacts of the carbon reduction cases using the Data 
Resources, Inc. (DRI) Macroeconomic Model of the U.S. Economy. The DRI Model is a 
representation of the U.S. economy with detailed output, price, and financial sectors, 
incorporating gradual adjustment of the economy to policy changes. Macroeconomic 
models focus on adjustment processes of the economy associated with changing market 
conditions, including economic policies. Real-world economic behavior involves 
adapting to changes in conditions of supply and demand, which can lead to dislocations 
and less than optimal use of resources in the short run. Short-run movements in actual 
income are portrayed against projected long-run levels of potential output.  

The linkage between the DRI macroeconomic model and NEMS is a set of energy 
variables. Twenty-seven energy variables in the DRI macroeconomic model are directly 
related to similar NEMS variables by ensuring that the DRI variables show the same 
percentage change from the baseline as the NEMS variables. These energy variables 
include energy prices, energy production, and energy consumption by different end uses, 
and the revenue from auctioned carbon permits. Energy prices include world oil prices; 
residential heating oil, electricity, and natural gas prices; transportation fuel prices for 
both diesel and gasoline; residual fuel oil prices; average refined oil price; wellhead 
natural gas price; and industrial coal and electricity prices. Coal, natural gas, and crude 
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oil production from NEMS is used in the DRI macroeconomic model as well as the end-
use demand for oil, natural gas, electricity, and coal.  

Many analyses of carbon mitigation have used a class of models that are characterized as 
computable general equilibrium (CGE) models. The CGE structure focuses on the 
interconnectedness of the economy and calculates the equilibrium of the economy in the 
long term, abstracting from the short-run adjustment processes. Most often the time 
horizon of these models is much longer—20, 50, or 100 years into the future. In contrast, 
the DRI macroeconomic model used in this analysis focuses on the adjustment of the 
economy over time, allowing for dislocations within the economy that yield less than 
optimal levels of economic activity. While climate change can arguably be considered a 
long-run phenomenon, the policies and measures to induce change may take effect in a 
near-term horizon.  

Scenario Assumptions.  The DRI Macroeconomic model was used to simulate the 
Kyoto impacts using three emissions targets scenarios, 3% below 1990, 9% above 1990, 
and 24% above 1990. The results presented here are for 3% below 1990. Although the 
U.S. target established by the Protocol is a 7-percent reduction in greenhouse gas 
emissions relative to 1990 levels, the method of accounting for sinks and the flexibility to 
use 1995 as the base year for the synthetic greenhouse gasses may mean that the 
reduction would be no more than 3 percent below 1990 levels, according to the U.S. State 
Department. 

IAT DRI 

Interagency Analytical Team. 1997. "Economic Effects of Global Climate Change 
Policies." Draft, May 12, 1997. 

IAT estimated the effects of a tradable permit system that is phased in over 10 years 
beginning in 2000 to return emissions levels to their 1990 levels. International 
cooperation is not included. Although IAT used the DRI, SGM and Markal-Macro 
models in their analysis, only the DRI model was used to examine revenue recycling 
effects.  

The analysis concluded that the most favorable option when the are returned to business 
through corporate tax cuts or grandfathering, the explanation being that this contributed 
most to capital formation.  

SGM:  

Edmonds, J.A. et al. 1997. “Return to 1990: The Cost of Mitigating United States Carbon 
Emissions in the Post-2000 Period.” Pacific Northwest National Laboratory, document 
PNNL-11819. October, 1997.  

SGM was used to examine four hypothetical agreements to reduce Annex I emissions to 
1990 levels. Estimates are made of the cost the United States under three scenarios: no 
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trading, trading among Annex I countries, and full global trading. Results presented are 
for no trading only. The model estimates the marginal abatement cost of returning to 
1990 emissions at $108/mt in 2010. GDP cost is about 0.2 percent. Revenues from a 
carbon tax are recycled back to consumers through a lump-sum transfer. The model has 
not been used to estimate effects of alternative recycling options.  

Clinton SGM 

Administration Economic Analysis. July 1998. The Kyoto Protocol and the President’s 
Policies to Address Climate Change.  

The SGM model is used to estimate the economic effects of an internationally traded 
carbon permit, ranging in price from $14/ton to $23/ton. The documentation is not 
explicit regarding permit allocation and disposition of any revenues collected, based on 
previous SGM analysis and personal communication with PNNL’s Dr. Hugh Pitcher who 
indicated that SGM had not produced results for alternative revenue recycling options, it 
is assumed that revenues are returned lump sum.  

WEFA 

WEFA, Inc. 1998. “Global Warming: The High Cost of the Kyoto Protocol.” 800 
Baldwin Tower, Eddystone, PA 19022. 

Funded by API, this study examines the effects of implementing the Kyoto Protocol (i.e., 
emissions at 93% of 1990). Compared to their baseline, emissions by 2010 would have to 
be reduced by 37% (50% on a per capita basis). The WEFA model is a quarterly 
macroeconometric model of aggregate supply and demand conditions. The WEFA 
analysis assumes that revenues are recycled via an annual lump-sum repayment to 
consumers. WEFA has not examined alternative recycling options.  

UMWA DRI 

DRI. 1998. “The Impact of Meeting the Kyoto Protocol on Energy Markets and the 
Economy.” UMWA-BCOA.  

The analysis prepared by DRI for the United Mine Workers Assoc. and the Bituminous 
Coal Operators’ Association, estimates economic outcomes under the Kyoto Protocol 
provisions that reduce emissions to 93% of 1990 emissions by 2010. The analysis is often 
cited in comparison studies of the effects of regulating carbon emissions; however, the 
analysis assumes only that permits will be ‘grandfathered’ to industry. The report notes 
that “this will accelerate investment and better support long-term productivity growth and 
probably greater energy efficiency.” 
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