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Summary 

Carbon taxes are a market-based approach to reducing carbon dioxide emissions. The 
direct loss in economic welfare from imposing carbon taxes to achieve a given 
reduction in emissions has been estimated for many economies under various 
assumptions using a number of types of models. 
 
Economy level estimates have been derived from “bottom up” and “top down” models. 
While “bottom up” models suggest technological possibilities, “top down” models are 
usually regarded as providing more reliable estimates of welfare losses. 
 
Losses in economic welfare have also been estimated using “top down” models of the 
global economy. Simulations of Annex B countries simultaneously reducing emissions 
show that the international trade and investment repercussions tend to increase the size 
of the overall welfare loss. Non-Annex B countries overall also suffer welfare losses as 
a result of Annex B abatement. Carbon dioxide emissions from non-Annex B countries 
also increase as result of Annex B abatement. 
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Simulations have also been undertaken of an Annex B emissions trading scheme that is 
roughly equivalent to a uniform carbon tax being applied to all Annex B countries. 
Emissions trading would reduce the welfare losses of both Annex B and non-Annex B 
countries as well as reducing the increase in non-Annex B emissions. 
 
A number of variations on standard modeling assumptions have been studied. These 
include the possibility that the direction of technological change may respond to 
movements in relative prices, the possibility that OPEC may respond to reduced Annex 
B demand for oil by restricting supply, and the possibility of using carbon taxes to 
displace other taxes that depress economic activity. 
 
1. Introduction 
 
Carbon taxes are monetary penalties on the emission of carbon dioxide. Economic 
activities giving rise to carbon dioxide emissions include the combustion of fossil fuels 
(coal, natural gas, oil, and derivative fuels), cement manufacture, land clearing, and 
various cultivation practices. Carbon taxes on fossil fuels have been studied most 
extensively. A tax based on the carbon content of the fuel would serve as an accurate 
approximation for carbon dioxide emissions when combustion occurs. Since the carbon 
content of different fossil fuels varies, a fixed tax per unit volume of carbon would 
result in different taxes per unit volume of the various fossil fuels. In all of the 
applications discussed below, carbon taxes apply only to fossil fuels. 
 
Interest in carbon taxes has been prompted by concerns about the risk of global 
warming arising from increased emissions of carbon dioxide and other greenhouse 
gases. Under the Kyoto Protocol of December 1997, yet to enter into force, the so-called 
Annex B group of countries has agreed to restrict greenhouse gas emissions to country 
specific targets over the period 2008 to 2012. A list of Annex B countries and their 
emission reduction targets is shown in Table 1. Carbon taxes are one of a number of 
possible policy instruments that could be used by Annex B countries in meeting their 
target levels. Some countries such as Sweden, Denmark, and Norway have already 
experimented with carbon taxes. 

 
Country Greenhouse Gas Emission 

Reduction Target (percentage of 
base year or base period)(a) 

Australia 108 
Austria 92 
Belgium 92 
Bulgaria* 92 
Canada 94 
Croatia* 95 
Czech Republic* 92 
Denmark 92 
Estonia* 92 
European Community 92 
Finland 92 
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France 92 
Germany 92 
Greece 92 
Hungary* 94 
Iceland 110 
Ireland 92 
Italy 92 
Japan 94 
Latvia* 92 
Liechtenstein 92 
Lithuania* 92 
Luxembourg 92 
Monaco 92 
Netherlands 92 
New Zealand 100 
Norway 101 
Poland* 94 
Portugal 92 
Romania* 92 
Russian Federation* 100 
Slovakia* 92 
Slovenia* 92 
Spain 92 
Sweden 92 
Switzerland 92 
Ukraine* 100 
United Kingdom of Great Britain and 
Northern Ireland 

92 

United States of America 93 
* Economies in transition to market economies 
(a) The targets relate to total emissions of six greenhouse gases expressed in terms of carbon dioxide 
equivalent emissions 
Source: Kyoto Protocol, 1997 

 
Table 1. Annex B Countries and their Emission Reduction Targets. 

 
Given that the Kyoto Protocol was designed to limit emissions of a number of 
greenhouse gases in addition to carbon dioxide, the imposition of a carbon tax on 
carbon dioxide alone (without other instruments) would be an inefficient way for 
countries to achieve their Kyoto targets. This would need to be recognized in policy 
design. However, to date, much of the literature has concentrated on taxes on carbon 
dioxide from fossil fuel combustion. 
 
Carbon taxes and tradable permits are what are known as market based policies and may 
be contrasted with command and control policies. Under a command and control 
approach the authorities would set limits on carbon dioxide emissions from different 
activities to meet an overall emission target. Under a market-based approach, market 
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forces are used to find the least cost pattern of reducing emissions from different 
activities to meet an overall emission target. Research mainly in the United States has 
confirmed that substantial cost savings have resulted from the introduction of market-
based in preference to command and control policies. 
 
Much research has been devoted to assessing the loss in economic welfare that different 
economies would suffer from using carbon taxes to achieve a given reduction in carbon 
dioxide emissions. Different measures of economic welfare have been used in various 
studies but any environmental benefits from reduced emissions are excluded in all the 
studies discussed here.  
 
In some studies the change in the economic welfare of a representative consumer is 
estimated using a measure known as equivalent variation. Equivalent variation is the 
amount of money a representative consumer would be willing to pay to prevent moving 
from their consumption bundle with the prices ruling before emissions were reduced to 
their new consumption bundle at the new set of prices. In many studies, changes in 
national accounting aggregates such as gross domestic product (GDP) are used as a 
proxy for more sophisticated welfare measures. 
 
Model simulations to assess these losses in economic welfare have been conducted 
under a variety of assumptions. Many studies using different types of models have been 
undertaken for various economies in isolation. Another group of studies have involved 
the world economy made up of various regional aggregations. Taking account of the 
international repercussions of carbon taxes may modify estimates of losses in economic 
welfare based on purely domestic studies.  
 
These international repercussions assume special importance since under the terms of 
the Kyoto Protocol the effects of all of the Annex B countries simultaneously reducing 
emissions needs to be considered. International repercussions are also important in 
assessing the environmental effectiveness of carbon taxes. If emissions are reduced by a 
limited group of countries, such as Annex B countries, it is possible that reduced 
emission-intensive production in those countries will create incentives for increased 
emission-intensive production in other countries. Such a process has been called 
emission or carbon leakage.In this article the main elements of the theory of carbon 
taxes, needed to interpret the various empirical studies, is first outlined. A review of 
these studies is then presented, grouping together studies according to whether they deal 
with economies in isolation or the global economy. Finally, a number of modifications 
to the standard modeling assumptions are considered which affect estimates of welfare 
losses. 
 
- 
- 
- 
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