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Executive Summary 

After reaching agreement on the Framework Convention on Climate Change in Rio de 
Janeiro in 1992 (the UNFCCC or “Rio Treaty”), the nations of the world began efforts to 
control greenhouse gas (GHG) emissions believed to be contributing to global climate 
change.  Every industrialized nation, including the United States (US), ratified the Rio 
Treaty, as well as most developing and transition countries. The treaty entered into force 
in 1992. 

International policy-making efforts were guided, in part, by scientific assessments 
conducted by the Intergovernmental Panel on Climate Change (IPCC), an 
interdisciplinary group of over 2,000 scientists that regularly assessed the science, 
technology and economic aspects of this complex problem.  The IPCC’s work continues, 
supported financially by industrialized countries with scientific contributions of experts 
throughout the world. 

By the mid 1990’s, the Parties to the Rio Treaty agreed that ongoing efforts were 
inadequate to achieve the treaty’s voluntary goal for developed countries to return 
emissions to 1990 levels by 2000.  In 1997, they reached agreement on the Kyoto 
Protocol (KP). The KP imposed binding emissions reduction obligations on developed 
countries and incorporated several market-based mechanisms to reduce the cost of 
compliance.  In 2001, they finalized operational details of the Kyoto framework in the 
Marrakech Accords.   

In response to the Rio Treaty and the KP, many nations began to develop and implement 
domestic policies to achieve their international obligations.  In March of 2001, the Bush 
Administration announced that it would not ratify the Protocol. President Bush expressed 
his concern that the KP would damage the US economy and was unfair given that 
developing countries did not assume binding targets.  Soon after President Bush’s 
announcement, Australia withdrew its participation in the KP. Most other nations have 
ratified the Protocol.  As of February 2004, 120 nations had ratified the Kyoto Protocol.   

The international community has raised concerns regarding the seriousness of the US 
response, as have many domestic stakeholders.  In the last session of Congress, The US 
Senate voted for the first time on legislation that would have capped US GHG emissions. 
Even though the proposal was defeated, many observers believe that the climate issue 
will receive greater attention in the future and that this legislation represents a first step in 
the debate. As the National Commission on Energy Policy (NCEP) considers potential 
policy recommendations, it is necessary to understand the status of policy-making in 
other key developed and developing countries.    
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Main Questions 

1.  What are key nations 
actually doing on climate 
change, in terms of progress on 
environment, markets and 
technology? 

2.  How do those national 
programs compare with each 
other? 

PURPOSE OF THE REPORT 

The purpose of this report is to provide context to 
the NCEP’s consideration of US climate policy.    

The Commission retained Natsource to describe 
and assess the effectiveness of other countries 
responses to climate change.   

METHODOLOGY 

In developing this report, Natsource reviewed 
historical emissions and current performance, 
efforts to establish a policy framework to facilitate trading, and investments in 
technologies in order to evaluate national performance against a set of objective criteria.  
We utilized the approach that follows:   

1. We conducted a review of each country’s emissions performance, efforts to 
develop an emissions trading policy framework, and investments and policies to 
develop low-emitting technologies.  This document was provided to the 
Commission staff.   

2. We developed a methodology with objective criteria that could be scored to reach 
an overall performance score in three main areas:   

a. environmental performance,  

b. economic efficiency, and  

c. technology support.   

This scoring methodology was developed in close consultation with the 
Commission staff.  Full details are available under separate cover. 

3. We applied the methodology to the countries investigated, using the information 
gathered in the first report. 

Scoring for each developed country is comparable only to that of other developed 
countries.  Developing and developed country efforts are not compared given 
significantly different circumstances and levels of development.  
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11 Countries (plus EU) 
Compared 

European Union 
Germany 

United Kingdom 
Spain 

Netherlands 
Canada 

United States 
Japan 
China 
Brazil 

Mexico 

JURISDICTIONAL SCOPE 

This report reviews the performance and efforts of eleven key nations that many US 
policymakers view as importance because of their emissions profiles, impact on US 
global competitiveness and their perceived leadership in the international community on 
the climate change issue.  The review focuses on the European Union (EU), key EU 
Member States, Japan and Canada.  As proxies for understanding the EU’s response, 
the review focuses on its two largest emitters (Germany and United Kingdom), a small 
country (the Netherlands) and a country with challenging emissions growth (Spain).   

It evaluates United States policy against these 
national responses.  It focuses on four major 
developing countries (China, India, Brazil and 
Mexico), given their economic and environmental 
importance to the climate issue.   

We believe that the evaluation of the climate policies 
of these 11 countries will allow the Commission to 
consider US policies for their effects on:     

1. US competitiveness; 

2. Environmental effectiveness;  

3. US leadership in the global policy arena on 
this issue; and,  

4. In the case of the EU, a grouping that fairly reflects the political context for 
policymaking.     

KEY FINDINGS 

The UK, Netherlands, and the EU score the highest in our evaluation. They scored the 
highest because their environmental performance and their progress in establishing a 
policy framework to address the climate issue is for the most part more advanced than 
that of other developed countries. Japan, Germany and Canada follow. The US and Spain 
score lowest in these areas.  In contrast, the US is a leader in the technology area as are 
Japan and Canada.  

On a weighted basis, the United States scored 7th out of the 8 developed countries 
surveyed.  US performance would be scored higher if it implemented a policy similar to 
those that were modeled by the Commission. In particular, the US score would increase if 
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it implemented the price mechanism policy that was modeled for the Commission. It 
would score higher, or achieve an overall score closer to the middle of the eight 
developed countries that were evaluated if it implemented the emissions cap that was 
modeled for the Commission. 

All developing countries received fairly similar scores. Our focus was on their actual 
emissions performance measured based on changes in absolute emissions and emissions 
intensity, and we review their progress in being able to host Clean Development 
Mechanism (CDM) projects (as a proxy for engagement in the climate issue in a way that 
builds new markets).  We did not score developing countries for investments in research 
and development (R&D) into energy technologies. For the most part, R&D into energy 
technologies is undertaken by developed countries.  

Our overall findings are reflected in the following chart, followed by highlights of our 
rankings in each individual category. 

Overall Metrics
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1.  Environmental Performance 

The UK scores the highest in this area. Its current emissions are 14% below 1990 levels, 
and its emissions intensity has improved by approximately 40%.  Its current emissions 
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would meet its EU target under the Kyoto Protocol.1  Germany also scores relatively 
high, given that its emissions intensity is approximately 30% below 1990 levels. The 
EU’s emissions are currently 4% below 1990 levels.  It is important to note that non-
climate related events benefit the greenhouse gas (GHG) emissions profile in both of 
these countries as well as the EU:   

♦ Significant fuel switching in the UK power sector from coal to gas in the 1990’s 
assisted in reducing absolute emissions and improving the UK’s emissions 
intensity;  

♦ Similarly, we found analysis that approximately 50% of Germany’s emissions 
reductions are attributable to reunification of East and West Germany since the 
baseline period.  

♦ If reductions from UK fuel switching and German reunification were not 
considered, EU emissions would be at 1990 levels. If the UK’s and Germany’s 
overall emissions were not considered, EU emissions would be 7.5% above 1990 
levels.  This fact drives significant concern that several European countries will 
not meet their Kyoto targets. 

Canada and the Japan both score low in the environmental performance area. We 
identified key issues to consider when evaluating their performance: 

♦ Canada’s emissions increased significantly since 1990, although its emissions 
intensity improved by 9%.  The significant rise in absolute emissions is attributed 
to emissions from energy produced for export, which have increased to 
approximately 10% of national emissions.   

♦ Japan’s emissions also increased since 1990, as well as its emissions intensity. 
These trends are related to increased fossil fuel use in the power sector to meet 
increased demand. 

Spain and the US score the lowest in this area. Spain’s environmental performance is 
attributed to rapid increases in growth given its increased development over the past 

                                                 

1 In a Burden Sharing Agreement, the EU Member States reapportioned their overall targets (8% below 
1990 levels) to a range of levels reflecting each country’s actual commitments, ranging from lows of – 29% 
for Luxembourg, –21% for Germany and Denmark and –12.5% for the UK to highs of +15% for Spain, 
+25% for Greece and +27% for Portugal.  
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decade. The US growth is attributed to strong economic growth and related increases in 
fossil fuel use in transportation and power production.   

The US would score higher in this area if it implemented either of the two policies that 
were modeled for the Commission.  Its environmental performance would be similar to 
that of Canada and Japan if it implemented the price mechanism that was modeled for the 
Commission by another firm.  We estimate that it would score comparably to the EU if it 
implemented the cap that was modeled.  

Amongst the developing countries, China scores the highest in the environmental 
category. Its emissions intensity has been reduced by over 50% since 1990 due to the 
implementation of economic reforms and increased use of gas. The other countries’ 
efforts were found to be comparable to each other.  Emissions in Brazil, Mexico and 
India increased since 1990. Brazil is the only developing country surveyed whose 
emissions intensity has increased (i.e. did not improve).  This is due to increased use of 
gas in the power sector and reduced hydro due to drought. Emissions in all of these 
countries will likely increase over the next decade.   

Our overall environmental performance scores are reflected in the following chart: 

Environmental Metrics
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2.  Economic Performance 

The EU and a few European countries lead the way in this category. The United 
Kingdom and Denmark established the world’s first GHG trading programs.  The EU 
system that will become operational in 2005 will be the world’s largest system by an 
order of magnitude. It will regulate 12,000 installations responsible for 46% of the 
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continent’s CO2 emissions. Reductions will be required in two phases, from 2005-2007 
and 2008-2012.  It is also developing a “linking directive” that will govern the use of the 
Kyoto Protocol’s project-based emission reductions for compliance (including credits 
created by both Clean Development Mechanism [CDM] and Joint Implementation [JI] 
projects).  

At this writing, EU Member States are in the process of developing National Allocation 
Plans that will specify required levels of reductions from regulated installations.  A 
supplement to this report will be prepared to describe and reevaluate the scorings in this 
report, based on those national plans.   

The EU and the UK receive the highest scores for their efforts in this area. The 
Netherlands also receives the highest score in this area for its purchases of over 25 
million tonnes of emission reductions (which they believe will qualify as CDM and JI 
credits) through several tendering processes.  

Canada receives the next highest score in this area. It worked to develop a domestic 
trading program as an element of its Kyoto compliance strategy. The program seeks to 
address competitiveness concerns resulting from the US being outside of the KP 
framework.  It addresses competitiveness concerns through the use of an emissions 
intensity target and a cost cap (Can$ 15/tonne). Canada has also been a leader in assisting 
developing countries develop capacity to host emission reduction projects.  

Japan scores fairly low in this category, and Spain and the US receive the lowest scores. 

We scored developing country efforts in this area based upon the progress they have 
made in developing the institutions necessary to host CDM projects and whether they 
have hosted CDM projects. Brazil scores the highest in this area. China, Mexico and 
India receive comparable scores. 
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Economic Metrics
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3.  Technological Performance 

Our review of technology performance assessed national trends in research, development 
and deployment programs related to the technologies required for climate mitigation.  As 
mentioned previously, we found this to be the hardest category to score. The scoring is a 
blend of R&D investments and policies designed to pull technologies into the market 
place. The US and Japan score highest in this area.  

Japan became the world’s largest investor in energy R&D. It is important to note that a 
significant percentage of its investment is in the nuclear area. It is also difficult to gain a 
complete understanding of its “market pull” efforts.  

The US is the world’s second largest supporter of R&D. The US increased its support of 
virtually all key technologies with the exception of nuclear energy. State efforts in the US 
also increased investments in energy efficient and renewable energy technologies through 
resources provided by system benefits charges and renewable portfolio standards. The US 
is also becoming the largest supporter of longer- term technologies and fuels, such as 
carbon capture and storage (CC&S) and hydrogen.  

Canada, the EU and the Netherlands also score highly in this area. The EU framework 
program budget increased in recent years, with increasing emphasis placed on renewable 
energy and energy efficiency. In several Member States, there were significant efforts to 
provide a policy framework to encourage renewable energy and combined heat and 
power.  Unlike the US, R&D undertaken by the EU focuses more on the later stages of 
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the innovation cycle to assist their companies participate in the export market.  Canada 
also increased its investment in R&D since 1990, particularly in efficiency and 
renewables.  Canada is also moving forward to invest in longer-term carbon capture and 
storage efforts. As an element of its’ Kyoto compliance strategy, Canada designed several 
partnership programs designed to facilitate the deployment of cleaner technologies. The 
Netherlands also scores high in this area, due to its efforts to encourage renewable 
energy, enhance energy efficiency and address transport emissions. 

Germany, the UK and Spain all score lower in this category.  R&D investments fell in the 
UK and Germany, although much of the reductions can be attributed to reduced support 
for nuclear energy. All three implemented policies to encourage renewable energy and 
energy efficiency.    

Our overall scores for technological performance are reflected in the following chart: 

Technology Metrics
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METHODOLOGY 

We developed a methodology to weight the three categories. It gives a 40% weight to 
environmental metrics, and it gives a 30% weight to each of the other categories.  Further 
details and scoring for each major category, as well as for the overall rankings, are 
provided in the report that follows. 
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1 Adapted from the report: Smith, J.B. 2004. A Synthesis of the Potential Impacts of Climate Change on the United 
States.  Pew Center on Global Climate Change, Arlington, VA. 

U.S. Impacts of climate change 



~Chapter Contents~ 

I.   Executive Summary 

II. The Science of Climate Change 

III. Economic Impacts of Climate Change 

IV. U.S. Impacts by Sector 
a. Terrestrial Ecosystems 
b. Freshwater & Marine Ecosystems 
c. Agriculture 
d.  Forestry 
e. Water Resources 
f. Coastal Communities 
g. Human Health 
 

V. Regional Issues 
a. Northeast 
b. Southeast 
c. Midwest 
d. Southern Great Plains 
e. Northwest 
f. Southwest 
g. Alaska 
 

VI. Synthesis and Conclusions 

VII. References 

VIII. Tables & Figures 

IX. Endnotes 

 

I. Executive Summary 

Since the 18th century, widespread deforestation and a steady increase in the use of fossil fuels 
have caused substantial concentrations of carbon dioxide and other greenhouse gases (GHGs) to 
accumulate in the atmosphere. The warming effect of these gases contributed to an increase in 
average global surface air temperatures of 0.6oC (1.1oF) over the 20th century. This global 
warming will continue well into the future, and is likely to accelerate, as long as GHG 
concentrations in the atmosphere continue to rise. Although the exact magnitude and rate of 
future climate change remain uncertain, current projections suggest a range of average global 21st 
century warming of 1.4-5.8oC (2.5-10.4oF), with a greater magnitude of warming expected over 
most of the United States.  The upper end of this range would represent the largest change in 
global climate since the end of the last ice age.  However, the inertia of the climate system 
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combined with future emissions of GHGs will ensure that warming continues into at least the 
22nd century if not beyond.  This warming will undoubtedly have far-reaching consequences for 
the United States, its natural resources, and economy.  

A number of studies have attempted to quantify the total effects of varying degrees of climate 
change on the U.S. economy.  First-generation studies completed during the late 1980s to early 
1990s suggest net economic damages to the United States of 1-2 percent of annual gross 
domestic product (GDP).  However, more recent studies that include greater consideration of 
adaptation strategies have yielded more optimistic results, with economic impacts ranging from 
±1 percent of GDP, for low-to-moderate warming.  Nevertheless, these studies also indicate that 
potential benefits of climate change do not grow or persist indefinitely.  Instead, benefits peak 
and with continued warming eventually become damages, although the point at which benefits 
cease and damages begin is uncertain.  Furthermore, certain region or sectors of the United 
States may experience economic losses even when the country as a whole benefits, and there has 
been little consideration to date of potential impacts beyond 2100.     

These national economic estimates do not, however, reflect the diversity of impacts among 
various climate-sensitive sectors of the United States.  In general, natural systems, such as 
terrestrial and aquatic ecosystems (e.g., forests, fisheries) are particularly vulnerable.  The 
distribution of various ecosystem types or individual species may change significantly, and some 
ecosystems and species may be eliminated.  In contrast, societal systems that are managed by 
humans, such as agriculture and forestry, water resources, and public health, are relatively less 
vulnerable because of the potential for humans to make adjustments to these systems to 
accommodate a changing climate.  However, there is still considerable uncertainty regarding the 
ability of various sectors of the United States to cope with climate change, particularly if changes 
are very rapid or involve substantial changes in climate variability (e.g., extreme events such as 
heat waves, hurricanes, floods, and droughts).  In general, the risk of irreversible, large-scale, or 
unpredictable impacts increases with higher magnitudes or rates of climate change. 

In addition, the consequences of climate change for individual sectors vary among different 
regions of the United States.  In general, the southern half of the continental United States is 
comparatively more vulnerable to the effects of climate change than the northern half.  
Agriculture and forestry may be more stressed in the South, causing the South to be at a 
competitive disadvantage to the North. In addition, water resources in the South are more limited 
than in the North and thus are more susceptible to climate changes that influence water supply, 
and the South may be at a greater risk for infectious diseases as well.  Meanwhile, the Alaskan 
Arctic is already experiencing significant warming and environmental change resulting in a 
number of challenges specific to that region.  Even within individual regions, there may be 
vulnerable subpopulations, such as the urban poor or elderly, Native American populations, and 
other poor and isolated communities.   

Viewed collectively, the studies of potential climate change impacts to the United States identify 
numerous challenges for the future.  Although continued research will be necessary to reduce 
uncertainties in estimating monetary and non-monetary impacts, the current state of knowledge 
provides valuable insight into the relative vulnerability of different sectors and regions of the 
United States to climate change and useful estimates of the magnitude of economic 
consequences.  
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II. The Science of Climate Change 

Since the initiation of the industrial revolution in the late-18th century, atmospheric 
concentrations of naturally occurring greenhouse gases (GHGs) such as carbon dioxide (CO2), 
methane (CH4), and nitrous oxide (N2O) have risen substantially. For example, CO2 
concentrations alone have increased by approximately 30 percent to a present day level of 
approximately 365 parts per million (ppm), while concentrations of CH4 and N2O have increased 
by approximately 100 and 15 percent, respectively.  In addition, some industrial GHGs, which 
are only emitted by human activities, such as sulfur hexafluoride, hydrofluorocarbons, and 
perfluorocarbons, have accumulated as well. This increase in atmospheric GHGs is primarily the 
result of the combustion of fossil fuels such as coal, oil, and natural gas, which release 
substantial amounts of CO2, CH4, and N2O.  Meanwhile, several centuries of land-use change, 
such as deforestation, as well as the widespread use of nitrogen fertilizers have also served as 
sources of these gases. 

This increase in atmospheric GHG concentrations has already contributed to a 0.6oC (1.1oF) 
warming of the Earth’s average surface air temperature since 1900. Over the 20th century, 
average temperatures in the United States also increased by about 0.6oC (1.1oF) and precipitation 
increased about 5 percent (Karl and Knight, 1998; NAST, 2000).  Although climate is known to 
vary over daily to millennial time scales due to variability in the planet’s orbit, solar radiation, 
and volcanic activity, multiple attribution studies have identified a significant link between 
human emissions of GHGs and the global warming observed over the past 50 years (Mitchell et 
al., 2001).  With the exception of some gases, such as CH4,1 historical GHG emissions trends are 
expected to continue well into the future.  For example, CO2 concentrations are projected to 
reach 500-1,000 ppm by 2100. The change in atmospheric composition from increases in CO2 
and other GHGs is projected to cause additional global warming, raising average global 
temperatures another 1.4–5.8oC (2.5-10.4oF) by 2100, although the most likely increase in global 
mean temperature by 2100 is approximately 2–3oC (3.6-5.4oF) (Houghton et al., 2001; Wigley 
and Raper, 2001; Forest et al., 2002).  In comparison, a global warming of approximately 5oC 
(8oF) has occurred since the height of the last ice age approximately 20,000 years ago.  Even in 
the (unlikely) absence of future increases in GHGs, estimates indicate that the world is already 
committed to an additional 1oC (2oF) of warming.  The inertia within the climate and 
socioeconomic systems ensures future warming will continue well beyond 2100, persisting into 
the 22nd or even 23rd centuries.   

The general circulation models (GCMs) used to estimate future changes in the global climate 
project a wide range of potential changes in the United States, but all show temperatures 
increasing. On average, the increase in U.S. temperature is estimated to be approximately one-
third greater than the increase in global mean temperature (Wigley, 1999; Figure 1). Thus, 
temperatures in the United States could increase by about 2–8oC (4-14oF) over the 21st century, 
but the increase will most likely be less than 4oC (7oF). The range of uncertainty is greater for 
precipitation (Felzer and Heard, 1999). Most models show precipitation increasing (Figure 2), 
but some, such as the Canadian model used in the U.S. National Assessment on Climate Change 
as well as the National Center for Atmospheric Research’s Parallel Climate model estimate 
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substantial and even severe droughts in many parts of the country during this century (NAST, 
2000; Dai et al., 2001).  

Given the influence of climate on both natural ecosystems and societal systems, it is important to 
understand the implications of climate change for the United States.  For example, what are the 
estimated consequences of climate change to the U.S. economy and what are the sources of these 
consequences?  Which ecosystems or economic sectors are most vulnerable to changes in 
climate and are most likely to contribute to economic and environmental damages? Under what 
conditions could benefits be realized? Are certain regions of the United States more likely to 
experience damages than others?  How well can the United States cope with climate change, and 
is there a threshold of climate change beyond which certain sectors of the United States can no 
longer effectively adapt?  These are critical questions for decision-makers as the United States 
moves forward to assess the implications of climate change and address the issue.        

This chapter examines literature on the implications of climate change for specific sectors and 
regions of the United States to draw conclusions about the state of knowledge on the 
vulnerability of the United States to climate change.  The chapter draws from three primary 
sources of information. The first is the series of impacts reports published by the Pew Center on 
Global Climate Change, which discusses the state of knowledge about the science of climate 
change and its impacts on key sectors. Second, estimates of sectoral and regional impacts of 
climate change were also based upon the U.S. National Assessment (NAST, 2000).  Third, 
estimates of the net economic impacts of climate change were developed in the early 1990s, 
based on the U.S. Environmental Protection Agency’s report on The Potential Effects of Global 
Climate Change on the United States (Smith and Tirpak, 1989). These estimates have been 
updated, drawing on more recent assessments of potential impacts, such as Mendelsohn and 
Neumann (1999), Nordhaus and Boyer (2000), Mendelsohn (2001), Tol (2001), and Jorgenson et 
al. (2003).  

There are critical uncertainties that should be kept in mind in reading this chapter. To begin with, 
uncertainties remain in the quantification of climate change at the regional level, particularly 
precipitation.  For example, in many regions there is uncertainty about whether annual 
precipitation will increase or decrease.  Many studies examine only changes in average climate 
conditions, but do not consider changes in climate variability (such as the frequency of severe 
weather events).  However, greater or more frequent extremes of temperature, precipitation, or 
storms would have important consequences and would likely yield greater damages than 
suggested by considering changes in average climate conditions alone.  There are uncertainties 
concerning such important factors as the rate and path of future climate change, the effects of 
atmospheric CO2 on the productivity of vegetation (the so-called CO2 fertilization effect), and 
the effectiveness and efficiency of adaptation measures.   Economic studies include limited and 
uncertain quantification of non-market impacts, and for some sectors, such as recreation and 
tourism, little analysis of climate change impacts has been performed.  

The chapter proceeds with a discussion about estimates of total impacts of climate change. 
Typically, these estimates are presented as a percentage of gross domestic product (GDP). The 
chapter then addresses the state of knowledge about sectoral, and then regional impacts. 
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III.  Economic Impacts of Climate Change 

While early estimates of damages showed losses of more than 1 percent of GDP for a 2.5oC 
(4.5oF) warming, more recent studies generally project smaller impacts with net benefits for a 
few degrees of warming and net damages for a larger magnitude of warming.  These studies 
provide insight into the range of economic impacts associated with changes in climate variables 
such as average temperature or precipitation.  Although there are substantial uncertainties in 
estimating total economic impacts, by looking across the multiple published studies, one can 
develop an understanding of the relative direction and magnitude of the economic impacts.  In 
addition, it is interesting to note how quantification of these impacts has changed over time as a 
result of improved understanding about climate change and its implications.    

Although economic studies often express impacts in monetary terms as a percentage of gross 
domestic product (GDP), not all impacts included in these studies have a direct effect on income. 
Clearly, changes in agricultural production or the costs of protecting coastal areas can be 
expressed in monetary units, and thus are referred to as “market impacts,” because they represent 
goods traded in economic markets. However, other impacts, such as changes in quality of life, 
human health, or ecosystems, cannot be directly quantified in monetary units, and thus represent 
“non-market impacts.”  Of course, the value of an individual’s life is more than what she earns, 
and the value of an endangered species is more than what it may be worth in a market. However, 
the economic value of these services can be estimated indirectly using techniques such as 
observed behavioral changes or even expressions of “willingness to pay” for such services 
(Freeman, 1993). 

For the purposes of this chapter, the various studies of economic consequences that have been 
produced to date can be divided into two groups: first- and second-generation studies.  The first-
generation studies were completed in the late 1980s to early 1990s and represent assessments of 
the consequences of climate change to both market and non-market sectors of the United States 
for a specific magnitude of climate change.  Five such studies were summarized in the Second 
Assessment Report of the Intergovernmental Panel on Climate Change (Pearce et al., 1996; 
Table 1).  Estimates of economic impacts of climate change among these five studies yielded net 
damages of approximately 1-2 percent of U.S. annual gross domestic product (GDP), or $80-180 
billion (1997$), for warming of 2.5-4.0oC (4.5-7.2oF). To put these numbers in perspective, about 
one-eighth of the U.S. economy, or about $120 billion per year, is in sectors that are relatively 
sensitive to climate (U.S. BEA, 2002a; 2002b).2 

Although estimates of impacts are generally consistent among these first generation studies, a 
number of limitations are readily apparent.  First and foremost, the impacts are quantified for 
relatively simple scenarios of climate change.  Note that the maximum temperature assumed in 
the above studies is 4oC (7.2oF) (Table 1).  However, as mentioned previously, scientists cannot 
exclude warming in the Unites States of 8 oC (14.4oF).  Thus, these studies generally fail to 
capture the full range of uncertainty in future climate conditions.  Furthermore, the assumed 
climate changes are assumed to occur gradually over time, and thus do not capture the 
uncertainty in the rate of climate change and the associated transient impacts.  Nor do the studies 
capture impacts of potential changes in climate variability (e.g., more enhanced El Niño – La 
Niña cycles). Similarly, the studies vary in the sectors considered, and thus the omission or 
inclusion of certain sectors can have a significant influence on the estimates of net consequences.   
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The second-generation studies were produced more recently (2000 or later), and like the first-
generation studies, they attempt to capture both market and non-market impacts to varying 
degrees.  These second-generation studies remain sensitive to some of the same uncertainties 
associated with the first-generation studies, although some improvements can be identified. Four 
of the most recent studies of U.S. economic impacts of climate change are those of Nordhaus and 
Boyer (2000), Mendelsohn (2001), Tol (2001), and Jorgenson et al. (2004).  Mendelsohn (2001) 
estimated net annual benefits to U.S. GDP of 0.1 percent, or $9.2 billion (1997$) (Table 2).  
Meanwhile, Nordhaus and Boyer (2000) estimated net damages to U.S. GDP of 0.25% or $21 
billion (1997$) (Table 2). This disparity in results is largely the result of differences in 
recreational impacts between the two studies and Nordhaus and Boyer’s (2000) consideration of 
society’s willingness to pay to avoid catastrophic climate impacts, a cost which Mendelsohn 
(2001) does not include.  Thus, just as in the first-generation studies, estimates of net impacts are 
dependent upon the sectors under consideration.  

Yet, there are significant disparities in study results even when looking at specific sectors or 
categories of impacts. Nordhaus and Boyer (2000) estimate net damages of $13 billion to market 
sectors with a 2.5oC (4.5oF) warming, while Mendelsohn (2001) estimated net benefits of $10 
billion (Table 2).  Despite this disparity, however, it should also be noted that the net impacts in 
both of these studies differ substantially from those of the first generation studies. Even 
Nordhaus and Boyer (2000), who estimate net damages, generate estimates that are 
approximately an order of magnitude less than their predecessors.  Similarly, Jorgenson et al. 
(2003) examined the potential magnitude of market impacts of climate change for U.S. warming 
of 1.7-5oC (3.1-9.5oF) and increased precipitation of 2-7 percent under a range of pessimistic and 
optimistic assumptions about the severity of climate change impacts.  They estimated a range of 
GDP effects of approximately ±1 percent, consistent with Nordhaus and Boyer (2000) and 
Mendelsohn (2001) and generally lower than the first-generation studies (particularly when using 
optimistic assumptions about impact severity).  However, in a sensitivity analysis, Jorgenson et 
al. (2004) also found that if U.S. precipitation were to decrease rather than increase, a warming 
of 5oC (9.5oF) would increase market damages to approximately 3 percent of GDP.       

There are many reasons why the more recent studies tend to estimate lower damages or even 
benefits at small levels of temperature increase, but chief among them are more optimistic 
assumptions about the potential for adaptation to offset negative biophysical impacts of climate 
change and, for vegetation and forestry, inclusion of CO2 fertilization in the estimation of 
biophysical impacts. This is generally true for the analyses in Mendelsohn and Neumann (1999), 
but is also true for other studies such as Darwin et al. (1995) on agriculture, 
Vegetation/Ecosystem Modeling and Analysis Project (VEMAP) Participants (1995) on 
terrestrial vegetation, and Perez-Garcia et al. (1997) on forestry.  Nevertheless, one must be 
careful in the interpretation of estimates of economic benefits.  Even if there are net economic 
benefits across a country, it does not mean that all sectors, regions, and communities gain. Some 
can lose and their losses can be less than the gains to others. 

An important improvement in the second-generation studies is their consideration of transient 
impacts, which give an indication of how impacts change in response to progressive increases in 
temperature. Nordhaus and Boyer (2000), Mendelsohn (2001), and Tol (2001) estimated net 
damages resulting from various changes in average U.S. temperature. Although all three studies 
differ quantitatively in the direction and magnitude of net impacts, their transient estimates are 
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qualitatively similar. All three indicate that the U.S. economy as a whole will benefit from low 
levels of climate change, although these benefits will not be distributed evenly, and there will 
likely be damages on a regional basis.  The studies also indicate that such benefits do not keep 
growing.  Instead, at some point benefits peak, start declining, and eventually become damages.  
Nordhaus and Boyer (2000) and Tol (2001) estimate there will be net damages for a warming 
beyond about 1-2oC (1.8-2.4oF), while Mendelsohn (2001) estimates there will be net damages as 
temperature increases exceed 4oC (7.2oF) (Figure 3).   

It is important to keep in mind the limitations in the studies of economic impacts. Not only is 
there significant uncertainty about how climate will change, but also the estimates of climate 
change impacts do not generally consider such important factors as changes in climate variability 
and tend to make simple assumptions about adaptation and future societal development (Tol et 
al., 1998).  In addition, certain impacts are estimated by expert judgment, without the benefit of 
quantitative studies, and the valuation of non-market impacts, in particular, can be challenging 
and variable among studies.  Thus the specific results should be interpreted with caution.  
Although single estimates of impacts for a given magnitude of climate change are frequently 
provided, there is significant uncertainty surrounding each estimate.  Nevertheless, the general 
conclusions about the relative vulnerability of sectors and regions as well as the tendency for net 
damages at higher temperatures appear to be robust.   

 

IV. U.S. Impacts by Sector 

The aforementioned economic studies indicate that some sectors of the United States account for 
a greater proportional share of economic consequences than others.  As such, it is useful to 
examine implications of climate change for individual sectors in more detail in order to develop 
a better understanding of the underlying causes of sectoral responses and vulnerabilities to 
climate change.  This section summarizes information on national impacts of climate change 
among various sectors, including both societal sectors (i.e., sectors heavily managed by society) 
such as agriculture, water resources, and forestry, and natural sectors such as terrestrial and 
aquatic ecosystems. In general, societal sectors in the United States are less vulnerable to climate 
change than natural sectors because the societal sectors have much greater capacity for 
adaptation. 

A. Terrestrial Ecosystems 

Substantial changes in the distribution of ecosystems in the United States are likely under 
climate change, with a general shift in species to the north and to higher altitudes, and the 
potential for the outright elimination of some species or ecosystems. To survive climate change, 
some species will need to migrate because new climates in their current locations may be beyond 
their tolerance or may bring competitors, predators, diseases, or other changes that would 
threaten their survival.  However, individual species migrate at different rates, and thus new 
ecosystems are likely to emerge, incorporating different assemblages of species. Disturbances 
such as fire, disease, or drought are likely to play a critical role in changing the location of 
species. Such increases in fire risk and pest epidemics have already been observed in Alaskan 
ecosystems in response to 4oF of regional warming since the 1950s (NAST, 2000).  Many 
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species may be unable to migrate in pace with shifting climate zones, find paths of migration 
blocked by natural or artificial barriers, or find themselves unable to compete with invasive 
species. Even those species that are able to migrate in pace with climate change are likely to 
encounter other species with which they have not previously interacted. How individual species 
will respond to novel predator-prey, competitive, symbiotic, or parasitic relationships is largely 
unknown and difficult to predict. Beyond this, the risk to natural ecosystems from climate 
change is far more serious because development has put ecosystems under stress through habitat 
destruction, fragmentation, and pollution. Thus, climate change is expected to exacerbate the loss 
of biodiversity already resulting from development in the United States. 

On the other hand, the productivity of terrestrial vegetation in many parts of the United States 
may increase (Table 5). Net primary productivity in the United States rose in the 20th century 
(Nemani et al., 2002) and has been estimated to remain the same or increase up to one-third with 
a doubling of CO2 concentrations (Malcolm and Pitelka, 2000), although this effect will likely 
saturate as atmospheric CO2 concentrations increase. These estimates are based in part on the 
assumption that the CO2 fertilization effect will be fully realized and persist in natural 
conditions. However, increased fire frequency and respiration could offset these gains in 
vegetation productivity. In addition, should the effect of CO2 on vegetation be less positive, the 
net effects of climate change on terrestrial ecosystems would be less positive or even negative 
(Malcolm and Pitelka, 2000).  Indeed, should temperatures reach the upper end of the projected 
range in the 21st century, negative effects on most terrestrial ecosystems are likely, particularly if 
precipitation amounts do not change or decline (Malcolm and Pitelka, 2000; Bachelet et al., 
2001). 

B. Freshwater and Marine Ecosystems 

Climate change will greatly change the character of freshwater and marine ecosystems and 
could have many adverse effects. As with terrestrial ecosystems, climate zones and habitats will 
generally shift northward. A critical issue is the ability of populations to migrate to new 
locations. The larger and deeper the water bodies, the more feasible it is for species to migrate. 
Smaller lakes, rivers that do not run north-south or traverse sufficiently high altitudes, dams, and 
even some estuaries may block or impede migration to new habitats. Different species have 
different capabilities to migrate, and new assemblages of species are highly likely.  While many 
warm water fishes could benefit from lakes and streams becoming more suitable for their 
survival, cool- and cold-water fish such as trout would find fewer lakes and streams to inhabit. 
Changes in runoff due to earlier snowmelt and changed precipitation patterns also could 
adversely affect many fishes.  

Coastal ecosystems could be harmed if sea levels rise faster than wetlands can accrete sediments 
or if inland migration of wetlands is blocked, but impacts will vary depending on types of 
wetlands, topography, and whether conditions become wetter or drier. Mangroves may move 
into southern areas, and the productivity of estuarine ecosystems would be affected by changes 
in salinity resulting from the combination of sea-level rise and changing runoff. Changes in 
runoff and winds will also affect circulation in estuaries and aquatic productivity (Poff et al., 
2002). In addition, 20 to 45 percent of coastal wetlands could be inundated by a 0.5 meter sea-
level rise if developed areas are protected (Titus, 1992), with substantial harm to estuarine 
ecosystems (Neumann et al., 2000). With a 1 meter sea-level rise, 29 to 69 percent of U.S. 

U.S. Impacts of climate change 9



coastal wetlands would be inundated (Titus, 1991).  The value of these ecosystem impacts often 
is not included in damage estimates.  

Coral reefs, in particular, are likely to be harmed by higher temperatures. Many reefs already 
experience periodic damage from high sea-surface temperatures caused by El Niño events 
(Normille, 2000), and it is estimated that 11% of the historical global distribution of coral reefs 
has been lost due to a combination of climate variability and the stress induced by other human 
activities (Wilkinson, 2000). In addition, higher atmospheric CO2 levels increase the amount of 
CO2 dissolved in the ocean surface.  This can reduce calcification in coral reefs, limiting their 
ability to grow and expand (Kennedy et al., 2002).   

Climate change may have more modest effects on open ocean ecosystems. Limited analysis 
suggests that productivity of the world’s oceans could decline. However, high-latitude areas 
could benefit. Depending on location, the productivity of oceans is likely to be affected by 
changes in temperature and the effect of global warming on the frequency and intensity of events 
such as El Niño/Southern Oscillation and North Atlantic Oscillation, and changes in circulation 
such as the thermohaline circulation (which includes the Gulf Stream). Many of these changes 
are currently difficult to predict, but could have important implications for marine ecosystems 
and as well as future climate in different regions of the world. 

C. Agriculture 

As indicated by economic studies, agriculture is one of the sectors most sensitive to climate 
change, but one that also possesses a high capacity to adapt.  Agricultural productivity (i.e., crop 
yields) is likely to be greatly affected by climate change, because production is strongly 
influenced by changes in climate variables such as temperature and precipitation.  In addition, 
atmospheric increases in CO2 concentrations have also been demonstrated to boost productivity 
(the so-called CO2 fertilization effect), primarily by increasing plant growth and the efficiency of 
water use, although the extent of the benefit remains uncertain (Rosenzweig and Hillel, 1998; 
Table 3).  However, the response of any particular crop is dependent upon its sensitivity to 
temperature, water, and CO2.  Thus, changes in productivity in response to climate change will 
vary among different crops, with some experiencing increases and some decreases, although the 
net effect is estimated to be beneficial provided warming remains below critical agricultural 
thresholds.  At higher atmospheric concentrations of CO2, there are no additional crop yield 
gains from CO2, but higher temperatures cause reductions in yields of many important crops. 
Because climatic conditions vary from one region to another, crop location is also an important 
consideration.  For example, grain crops in northern locations are more likely to benefit from 
warming and longer growing seasons, while crops in southern locations are more likely to have 
reduced yields because of excess heat. 

However, because agriculture in the United States in heavily managed by humans, this sector 
also has a substantial capacity to adapt to climate change. Agriculture is part of a market system, 
and thus agricultural prices are self-equilibrating, because they send signals to producers and 
consumers about the scarcity or abundance of resources. If climate change causes yields to 
decrease, prices will increase, leading to more production and less demand. If climate change 
causes yields to increase, prices will fall, leading to less production and more demand. These 
market forces help to ameliorate the net impact of the effects of climate change on agriculture.  
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In addition, agricultural systems can be quickly changed in response to external factors such as a 
change in climate by substituting the crop planted in a particular location or changing planting or 
harvest times. However, there is uncertainty about how quickly and effectively adaptations will 
be made, and thus assumptions about the efficiency and cost of adaptation are a critical factor 
explaining differences in estimated changes in production among agriculture modeling studies.  

Thus, despite the sensitivity of agriculture to climate, adaptation and market forces are likely to 
interact to moderate the ultimate consequences of climate change.  For example, Adams et al. 
(1999a) found that a temperature increase up to 2–3oC (3-5oF) is unlikely to have a significant 
effect on U. S. agricultural production.  Indeed, national production could increase, although the 
Southeast and Southern Great Plains may lose competitive advantage, while more northern areas 
such as the Midwest and Northern Great Plains could benefit (Adams and McCarl, 2001; 
Mendelsohn, 2001). More recently, the U.S. National Assessment concluded that agricultural 
productivity was likely to increase in response to climate change (NAST, 2000).   However, the 
literature indicates that such increases do not persist indefinitely.  With warming beyond 2–3oC 
(3-5oF) agricultural output is estimated to start declining and eventually fall below current levels 
at approximately 5oC (9oF) as a result of the saturation of the CO2 fertilization effect and 
increased stress on plants from higher temperatures (Adams et al., 1999a).  Thus, the larger the 
magnitude of warming, the greater the likelihood that U.S. agriculture will experience net losses.    

D. Forestry 

The future location, composition, and abundance of U.S. forests will change substantially, 
although actual changes will be dependent on future trends in temperature and precipitation and 
on the ultimate effects of CO2 fertilization. Generally, forests will move northward and to higher 
altitudes, following the same pattern as other terrestrial ecosystems (see above). As with other 
forms of vegetation, rates of migration are limited and may not keep up with shifts in location of 
suitable climate zones. However, marketable forest resources are increasingly obtained from 
privately owned, managed forests (Shugart et al., 2003).  Plantation forests may fare much better 
because human management allows adjustments to account for climate change, such as shifting 
spacing and rotation periods and the substitution of species in a particular location with those 
more suitable for future conditions.    

As with agriculture, most economic studies find that the effects of climate change on the U.S. 
forest industry will be relatively small, although there may be substantial differences in how 
regional forests will be affected by climate change. Gains in one region can offset losses in 
another. Northern areas are likely to benefit either because yields of species grown there could 
increase or because more valuable southern species could be planted in the North.  How the U.S. 
forest industry fares as a whole depends on a number of factors. If productivity increases, 
consumers would benefit from lower prices, but the industry could be hurt by falling prices 
unless demand (particularly foreign demand) increases substantially. If productivity decreased, 
the industry would benefit from higher prices, but consumers could be harmed. However, if 
substitutes for wood become readily available, the industry could be harmed because consumers 
will start using substitutes, which would prevent significant increases in prices. In addition, the 
effects of climate change on foreign producers are important. If forest productivity abroad 
increases, there could be more imports, benefiting consumers but harming the domestic forest 
industry (Sohngen et al., 2001; Shugart et al., 2003).  
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E. Water Resources 

Water resources, which are also quite sensitive to climate, will be directly affected by climate 
change through changes in precipitation, evaporation, and snowmelt. While, on average, global 
precipitation will increase, that increase may occur predominantly as intense rainfall events.  
Meanwhile, some areas could see reduced precipitation. Average temperatures are expected to 
increase everywhere in the United States, resulting in earlier snowmelt and more evaporation. 
More frequent and intense floods and droughts are possible. Thus, some regions could benefit 
from increased supplies, but some may face risks from increased flooding, droughts, or both 
(Frederick and Gleick, 1999; Table 4).  For example, the southern half of the United States has 
the greatest sensitivity to changes in water quality for a number of reasons, including the already 
low dissolved oxygen levels, relatively high presence of endangered species, and high sensitivity 
to low-flow conditions (which is mainly in the Southwest; Hurd et al., 1999).  

The United States has been successful in adapting to quite different hydrologic conditions, 
ranging from the relatively wet Northeast to the relatively dry Southwest. But it has done so by 
optimizing infrastructure and institutions such as water laws for current hydrologic conditions. A 
significant change in climate could make substantial investments in infrastructure or changes in 
water use patterns and legal arrangements necessary (Frederick and Schwarz, 1999). The time 
and expense involved in modifying existing infrastructure or building new infrastructure, and the 
political difficulties involved in changing water laws and other institutional arrangements 
concerning production and use of water resources could make adaptation of water resources 
much more challenging than in sectors such as agriculture.  

F. Coastal Communities 

Sea-level rise threatens to inundate and erode many low-lying coastal areas. The Southeast and 
mid-Atlantic coasts are the most vulnerable to sea-level rise because they are low-lying, heavily 
developed in many areas, and at greatest risk from increased hurricane activity. Parts of the 
Northeast are also vulnerable because they are low-lying and heavily developed. The West Coast 
is less vulnerable because a large portion of it is made up of rocks or cliffs. However, low-lying 
areas and bays such as Puget Sound, San Francisco Bay, and much of Southern California are 
vulnerable to inundation from sea-level rise (Neumann et al., 2000).  

Highly developed coastal areas are likely to be protected from sea-level rise because the costs of 
protection are lower than the value of property at risk.  Nevertheless, sea-level rise will result in 
higher infrastructure costs to protect at least some developed coastal areas and the inundation of 
many unprotected coastal areas. Estimates of the total undiscounted financial costs of adapting to 
a 0.5 meter sea-level rise (roughly the best estimate of eustatic sea-level rise by 2100; Wigley, 
1999; Houghton et al., 2001) range from $20 billion to $138 billion. Total (undiscounted) 
infrastructure costs to protect developed areas from a 1 meter sea-level rise (roughly the worst-
case scenario for the 21st century) are estimated to range from $36 billion to $321 billion 
(Neumann et al., 2000). 3 These estimates include the costs of building coastal defenses to protect 
high-value areas and abandoning property and assets in low-value areas (Neumann et al., 2000). 
The wide range of costs associated with different magnitudes of sea-level rise is due to different 
assumptions about adaptation. The low estimates assume an economically efficient response 
(areas are protected when benefits exceed costs and property owners allow properties to 
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depreciate before being inundated), and the high estimates assume that all developed coastal 
areas will be protected from sea-level rise. These estimates do not consider potential changes in 
storm or hurricane frequency and intensity, which would increase the risk to life and coastal 
property.  These estimates also do not include abrupt impacts, such as the collapse of the West 
Antarctic Ice Sheet (WAIS), which would contribute to substantial magnitudes of sea-level rise 
over the next several millennia.     

G. Human Health 

Human health is highly sensitive to climate change, but the nation’s wealth and its strong public 
health system will likely prevent any major human health problems.  Increased flooding, 
hurricanes, and coastal storms could put more people at risk of injury or death. Heat stress 
mortality is expected to increase (although increased use of air conditioning can partially offset 
this), and there could be isolated outbreaks of infectious diseases. Low-income elderly residents 
of inner cities in the Northeast and Midwest are at greatest risk of heat stress, and increased risk 
of dengue fever may be greatest along the Rio Grande. However, the complex and nonlinear 
nature of infectious disease makes it very difficult to predict changes in frequency and location 
of outbreaks. Air quality could also deteriorate, particularly in the absence of additional efforts to 
control traditional air pollutants such as ozone and its precursors. Cold weather related mortality 
could decrease, but it is not known whether such a decrease could offset increased mortality from 
heat stress.  

Maintaining the public health infrastructure, particularly its capability to provide monitoring and 
early warning of high temperatures and disease outbreaks and to respond quickly and effectively, 
is a very important factor that may minimize risk of climate change to human health. However, 
the costs of maintaining public health under more adverse climate conditions have not been 
estimated (Balbus and Wilson, 2000).  If the rise in temperature is at the upper end of the 
forecast range in the 21st century, or if there is a significant increase in temperature variability, 
the risks to human health and the burden placed on health infrastructure are likely to be greater. 
For example, as average temperatures increase, the potential for more extreme heat waves rises 
(Wigley, 1999), and there is greater potential for ecosystem disruption, which could result in 
increased risk of infectious disease.  

 

V. Regional Issues 

The analysis of climate change impacts by sector indicates that the vulnerability of different 
sectors to climate change differs among regions of the United States.  Generally, southern areas 
of the continental United States are more vulnerable than northern areas. However, the Alaskan 
Arctic is already undergoing significant environmental change from recent increases in mean 
temperature.  In addition, each region has at least one sector that may be more vulnerable than 
other regions, highlighting the complexity in considering the regional impacts of climate change 
for the United States. This section summarizes how vulnerabilities might differ among the eight 
regions of the United States displayed in Figure 4: Northeast, Southeast, Midwest, Southern 
Great Plains, Northwest, Southwest, and Alaska.  
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A. Northeast 

While the Northeast is thought of as a cold region that could benefit from warmer temperatures, 
some sectors would experience adverse impacts. Its generally low-lying coast makes the region 
vulnerable to sea-level rise. By destroying coastal wetlands, sea-level rise could be harmful to 
highly productive estuaries such the Chesapeake Bay. Potential human health impacts include 
heat stress mortality, which could increase in large urban areas such as New York City and 
Philadelphia, although deaths from cold weather could decrease.4 Infectious disease is not 
expected to be much of a problem in the Northeast, but occasional outbreaks could happen. It is 
uncertain how agriculture will fare; some studies have found that agricultural production in the 
region could decline (e.g., Adams and McCarl, 2001), while others estimate potential increases 
in production (e.g., Mendelsohn et al., 1999). Forest productivity could increase in the region, 
but valuable species such as maples may eventually disappear. Also, stocks of cold- and cool-
water fish may decrease, but stocks of warm-water fish may increase. Compared to water 
supplies in warmer and drier regions, the Northeast’s supplies are relatively less vulnerable to 
small changes in average climate conditions (Hurd et al., 1999). The region’s ski and winter 
sports industry may be harmed, but warm weather recreation activities may increase. 

B. Southeast  

The Southeast appears to be relatively more vulnerable to climate change across most affected 
sectors. As noted above, the region is the most vulnerable to sea-level rise because of its heavily 
developed, low-lying coast (see Neumann and Livesay, 2001). The effects of sea-level rise will 
be more severe if the frequency or intensity of storms and hurricanes increases (Neumann et al., 
2000). The region contains most of the nation’s coastal wetlands; Louisiana alone has 40 percent 
(Neumann et al., 2000), and inundation of many of these wetlands would reduce productivity and 
diversity in the region’s estuaries. Higher temperatures would reduce water quality in the region. 
Water supplies, which are limited in many places, would be at risk should precipitation and 
runoff decrease. Agriculture could be harmed by heat and water stress and by a loss of 
competitive advantage to more northern areas, although citrus crops may have reduced risk of 
freeze damage. The Mississippi Delta states may face larger reductions in agricultural output 
relative to the rest of the region. It is possible that forest productivity could decline in the Deep 
South but increase in the upper South. Northward shifts of some important timber species such as 
loblolly pine and slash pine are likely. Interestingly, the region is at relatively low risk for 
increased heat stress mortality, because variation of daily summertime temperature is low and 
there is higher use of air conditioning. The warm and wet conditions make it potentially more 
susceptible to outbreaks of infectious disease, but such risks may be kept low if public health 
resources and infrastructure are applied appropriately.   

C. Midwest 

The Midwest is another cold region that could have a combination of benefits and adverse 
impacts from warmer temperatures. Studies of economic impacts on U.S. agriculture tend to 
show the Midwest as one of the regions most likely to see increased production (Adams and 
McCarl, 2001). Productivity of Midwestern forests may also increase, although some studies 
show the potential for decreases in productivity under certain scenarios of future climate 
(Malcolm and Pitelka, 2000). Furthermore, a rapid change in climate could decrease biodiversity. 
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Impacts on water resources are uncertain. Increased precipitation in the northern part of the 
region could result in more runoff, but also more flooding. Some studies estimate that Great 
Lakes levels could decline (e.g., Chao, 1999), and summer drought could increase in many parts 
of the region. There may be a decrease in stocks of cold- and cool-water fish, but an increase in 
warm-water fish. As in the Northeast, heat stress mortality in urban areas could increase. The 
1995 heat wave in Chicago, which resulted in hundreds of deaths (Whitman et al., 1997), 
demonstrated that urban areas in the region are highly sensitive to extreme heat. As in the 
Northeast, risks of outbreaks of infectious disease appear to be low. 

D. Southern Great Plains 

The Southern Great Plains, consisting of Texas and Oklahoma, could also experience many 
negative impacts of climate change because of its low latitude and aridity. The low-lying Texas 
coast is at risk from sea-level rise, although the risk is lower than in much of the Southeast 
because much the coast is less developed. Water supplies in the region are limited and at greater 
risk than in the Southeast because the region is more arid and uses a relatively large share of 
surface and groundwater supplies. Agriculture in the region could decline if water resources are 
diminished and if climate extremes, particularly droughts, become more frequent or intense. As a 
result, the region may experience a loss of competitiveness to more northern agricultural areas. 
The risk of disease outbreak may be relatively high along the Rio Grande because of its 
proximity to Mexico (which has high incidences of infectious diseases such as dengue) and the 
relatively low income of many of its inhabitants. The risk of heat stress is lower than in Northern 
areas, but slightly higher than in Southeastern cities because temperature variability is slightly 
higher in this region than in the Southeast, increasing the risk of periodic heat waves. 

E. Northwest 

Although the Northwest’s relatively cool climate and wet conditions (at least in the western 
portions of Washington and Oregon) make the region less vulnerable to climate change than 
warmer or drier regions, some sectors are vulnerable. Changes in the seasonality of runoff could 
be problematic for management of the region’s water resources infrastructure (Hamlet and 
Lettenmaier, 1999). Much of the coast is not vulnerable to sea-level rise, with the notable 
exception of the highly developed Puget Sound area. Agricultural production is estimated to 
increase in the region (Adams et al., 1999a), and ranching could benefit if grassland productivity 
increases. The effects of climate on forests in the region are uncertain. Under some scenarios, 
productivity increases, while under others it decreases. Higher temperatures may benefit forests 
in the region only up to a point, and then they may become a detriment (Neilson and Drapek, 
1998). As in the other regions, biodiversity is expected to be harmed, although vegetation 
productivity could increase. The valuable salmon fishery may be at particular risk from rising 
temperatures and changes in runoff patterns.  

F. Southwest 

The Southwest has some unique vulnerabilities to climate change. It is the most vulnerable 
region in terms of water supplies (Hurd et al., 1999), because of the combination of a semi-arid 
to arid climate and relatively high withdrawals of water resources. Changes in seasonality of 
runoff could increase the risk of winter flooding and summer shortage of water supplies.  
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Although agriculture in the region is projected by economic models to fare relatively well,5 with 
90 percent of the region’s water consumption going to agriculture, a reduction in water supplies 
could have a substantial negative effect on that sector. Biodiversity in the region is likely to be 
reduced because of the complex topography and human development (e.g., dams blocking 
migration of fish), but mountains such as the Rocky Mountains and Sierras provide north-south 
and altitudinal migration corridors for some species. Vegetation biomass could increase or 
decrease, depending on whether the Southwest becomes wetter or drier. There is generally less 
risk to coastal areas in California than in the Northeast, Southeast, or Southern Great Plains, but 
San Francisco Bay and parts of southern California are at risk from sea-level rise. Risks to 
human health are relatively low because heat stress is not a significant risk in urban areas and 
there is limited risk of infectious disease outbreaks (although infectious diseases such as 
hantavirus are a problem in the region). The region’s ski industry is likely to be harmed, 
particularly in lower latitude or lower elevation areas, although warm weather recreation 
activities could expand. 

G. Alaska 

Ecosystems and built infrastructure of Alaska are quite vulnerable to the biological and physical 
implications of climate change.  This vulnerability is due, in part, to the expectation of a 
significantly higher rate of future warming in the Arctic relative to the global average or even the 
average for the continental United States.  Since the 1950s, Alaska has warmed approximately 
2oC (4oF) (NAST, 2000) (relative to an average increase in global temperature of 0.6 oC (1oF) 
over the 20th century), although it is still unclear how much of this warming can be attributed to 
anthropogenic changes in the climate system versus natural cycles of climate variability.  
Continued climate change is likely to cause additional retreat of sea-ice and melting of 
permafrost.  Although this may eventually yield some benefits to some human populations, the 
transition will be disruptive due to increased destabilization of built structures such as buildings, 
roads, and pipelines and the increased susceptibility of coastlines to erosion from wave action 
and storms.  Collectively, these phenomena may create challenges for human populations and 
may drive some communities to relocate or change their economies, although adaptation 
measures can ameliorate some of these challenges. Indigenous communities, in particular, are at 
risk of having their traditional lifestyles disrupted.  The risks to Alaska’s biodiversity are quite 
acute. A number of species of marine mammals as well as polar bears are dependent upon sea-
ice as critical habitat, and the valuable fisheries of Alaska will be significantly altered by changes 
in ocean temperatures.  Inland ecosystems are also likely to be altered by climate change 
including greater ecosystem productivity and the potential for other vegetation types to invade 
regions historically dominated by tundra.  Changes in temperature will likely enable tree species 
to migrate northward while changing the mix of species present in a particular region, and 
biodiversity will likely decline due to the elimination of species not capable of adapting to 
environmental change. The risk of fire and infestation is likely to increase for Alaska’s forests, 
but adaptation could ameliorate some of the risk, and it may be possible to take advantage of 
increased growth rates to enhance timber productivity. However, successful adaptation is likely 
to be more challenging for unmanaged ecosystems.  Due to the rapid climate change in the 
region and the vulnerability of the Arctic to such changes, increased attention is being focused on 
the Arctic, including an international Arctic Climate Impact Assessment sponsored by the Arctic 
Council and the International Arctic Science Committee as well as a U.S. interagency Study of 
Environmental Arctic Change coordinated through the National Science Foundation.     
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VI. Synthesis and Conclusions 

Although some uncertainties persist regarding the specific implications of climate change for a 
particular sector or region, our understanding of the potential impacts of climate change on the 
United States has improved substantially over the past two decades.  By looking across the 
numerous studies that have been completed to date, it is possible to draw a number of robust 
conclusions that are consistent across the studies, particularly with respect to the relative 
sensitivity of different sectors and regions to climate change and the approximate magnitude of 
economic impacts: 

1. Natural ecosystems appear to be quite vulnerable to climate change. Climate change threatens 
to result in the loss of many coral reefs, coastal wetlands, endangered species (particularly those 
with limited range and mobility), cool- and cold-water fish, and boreal and alpine tree species. 
This threat to natural ecosystems is distinctly more severe because development has reduced 
species populations, fragmented ecosystems, placed them under stress from pollution, and 
introduced barriers to migration, such as communities, farms, roads, and dams. 

2. A number of sectors of the U.S. economy have a high sensitivity to climate change. Climate 
change could inundate many low-lying coastal areas, put urban areas at risk from increased 
storms and hurricanes, substantially change runoff in many basins, significantly change crop 
yields, and result in large geographic shifts and changes in the productivity of terrestrial and 
aquatic species. 

3. The capacity of the U.S. economy as a whole to adapt to a limited amount of climate change, 
with generally small impacts, appears to be quite high. The country’s high per capita income, 
relatively low population density, mobility, research base, institutions, and health care system 
give the United States a strong capacity to adapt to climate change. There will be costs for 
adaptation, but relative to the U.S. economy, these costs appear to be small and can most likely 
be absorbed.  

4. Although the nation as a whole has a high capacity to adapt, sectors differ in their 
vulnerability. Sectors that can change the fastest, such as agriculture, are likely to be best able to 
adapt to climate change. Sectors with long-lived infrastructure and investments, such as water 
resources and coastal resources, may have more difficulty adapting and could experience some 
adverse impacts.   In contrast, natural ecosystems have a much more limited capacity to adapt to 
climate change compared to societal sectors, contributing to their greater relative vulnerability. 

5. The southern continental United States is, on the whole, more vulnerable to climate change 
than the northern United States. Regions such as the Southeast and Southern Great Plains appear 
to be more vulnerable to climate change than the nation as a whole. In some regions, specific 
sectors, such as water resources in the Southwest, are at particular risk from climate change.  
Alaska is also highly vulnerable to the effects of climate change, particularly due to the 
projection of higher rates of warming relative to the rest of the continental United States. 

6. Even within regions that may have net economic benefits, individual communities and people 
could be adversely affected. Those with limited financial resources and mobility may be at 
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greatest risk to climate change. The urban poor appear to have the highest risk from increased 
heat stress. Poor farmers may be most vulnerable to changes in agricultural conditions. Poor and 
isolated populations, such as Native Americans, may be at risk should climate change 
substantially affect the natural resources on which they depend. 

7. Recent studies of the economic impacts of climate change indicate that impacts for a few 
degrees of warming will be less than ±1 percent of GDP.  These studies attempt to include both 
market and some non-market (e.g., biodiversity and quality of life) impacts and, as noted above, 
assume a gradual change in average climate and no change in variability. Earlier economic 
studies based on impact assessments conducted during the late 1980s and early 1990s tend to 
show damages of about 1 percent of GDP. However, more recent economic studies suggest that 
there could be net economic benefits of less than 1 percent of GDP, although such studies differ 
with respect to the point at which benefits cease and damages begin. 
 
8. Economic impacts studies indicate that while there could be benefits from low-to-moderate 
magnitudes of climate change, there would be damages at higher levels of warming.  Economic 
studies indicate that even in those sectors, such as agriculture, estimated to benefit from a small 
magnitude of warming, these benefits peak and subsequently decline.  Economic studies suggest 
that benefits peak at approximately a 1–2oC (2-4oF) increase in mean temperature.  Beyond this, 
benefits decline until net economic damages occur at a warming of approximately 2–4oC (4-7oF) 
and become progressively worse with further increases in temperature. Significant uncertainty 
exists about the level of increased temperature that leads to damages and the magnitude of 
damages beyond that point. 

9. The rate and path of climate change matter. A gradual and monotonic change in climate 
(e.g., steady increases or decreases in precipitation) will be much easier to adapt to than rapid 
changes in climate or increased interannual or interdecadal climate variability. In a slowly and 
steadily changing climate, such adaptations as replacing infrastructure and introducing new 
technologies can be made gradually. A more rapid change in climate may necessitate more rapid 
than normal investments in infrastructure, technology, and other adaptations. These investments 
could be costly.  

10. Increased warming increases the risk of triggering large-scale changes to the climate system. 
Substantial increases in global mean temperature could set off large-scale changes to the earth’s 
system such as shutdown of the thermohaline circulation (i.e., the Gulf Stream) or melting of the 
West Antarctic ice sheet. The thresholds are uncertain (and for some of these events may be 
quite high), the time frames of the consequences of such events may take centuries to be fully 
realized, and the consequences are not well understood. However, it is possible that warming in 
the 21st century could trigger such events, which would be extremely difficult, if not impossible, 
to reverse. 
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VIII.  Tables & Figures 

Table 1.  First generation estimates of annual damages to the U.S. economy (billions of 1997$).a 

Adapted from Pearce et al. (1996); values adjusted to 1997 GDP. Missing values indicate 
impacts to that sector were not assessed for the given study. Source: Smith (2004).   

Economic Sector Cline, 1992 Fankhauser, 1995 Nordhaus, 1991 Titus, 1992 Tol, 1995 

Climate Scenario 2.5oC (4.5oF) 2.5oC (4.5oF) 3oC (5.4oF) 4oC (7.2oF) 2.5oC (4.5oF) 

Agriculture 21.2 10.2 1.3 1.5 12.1

Forest loss 4.7 1.0 - 61.6 -

Species loss 5.6 11.9 - - 7.1

Sea-level rise 9.9 12.7 17.2 8.0 12.0

Electricity 15.2 10.7 1.5 7.6 -

Non-electric heating -1.8 - - - -

Total – market 54.8 46.5 20.1 78.7 31.2

Human amenity - - - - 16.9

Human life 8.2 16.1 0.0 13.3 52.8

Migration 0.7 0.8 0.0 - 1.4

Hurricanes 1.1 0.3 0.0 - 0.4

Leisure activities 2.9 - - - -

Availability 9.9 22.0 0.0 16.1 -

Pollution - - - 32.6 -

Urban infrastructure 0.1 - - - -

Trop. ozone 4.9 10.3 0.0 38.4 -

Mobile air conditioning - - - 2.5 -

Total — non-marketb 27.9 49.6 60.8 102.9 71.6

Total — all sectors 82.7 96.0 80.9 181.6 102.8

% of GDP (reported) 1.10% 1.30% 1.00% 2.50% 1.50%

% of GDP (actual) 1.02% 1.18% 1.00% 2.24% 1.27%

a Scheraga et al. (1993) used a macroeconomic model of the U.S. economy with assumptions about financial impacts 
to agriculture, energy, and coastal sectors from climate change. They estimated that GDP would decline by 0.8 
percent by 2050.bNordhaus reported non-market damages as a percentage of total GDP. The number here was 
calculated based on the percentage he gave (0.75 percent) of 1990 GDP. 
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Table 2.  Second generation estimates of climate change impacts to the U.S. economy (billions 
of 1997$), based on predicted impacts in Nordhaus and Boyer (2000)a and Mendelsohn (2001)b.  
Estimates for both studies assume a climate change scenario of a 2.5oC (4.5oF) increase in 
temperature and a 7% increase in precipitation. Source: Smith (2004).   

Economic Sector Nordhaus and Boyer (2000) Mendelsohn (2001) 

Market Impacts 

Agriculture -4.85 9.58

Timber 0.00 4.28

Water resources 0.00 -1.15

Energy 0.00 -2.56

Coastal structures -8.47 -0.07

Commercial fishing - -

Total Market (billions 1997$) -13.32 10.08

Total Market (% 1997 GDP) -0.16% 0.12%

Non-market Impacts 

Water quality -1.41 -8.05c

Recreation 29.00 7.16c

Extreme & catastrophic events -35.30 -

Total Non-market (billions 1997$) -7.71 -0.88c

Total Non-market (% 1997 GDP) -0.09% 0.01%

Total Market and Non-market (billions 1997$) -21.03 9.20a

Total Market and Non-market (% 1997 GDP) 0.25% 0.1%
a Nordhaus and Boyer (2000) based their estimates on a survey of the literature and used expert judgement to derive 
estimates for a number of sectors that the literature had not covered. 
b Mendelsohn (2001) used a combination of cross sectional studies and spatial equilibrium studies examining 
potential impacts of climate change. Such studies tend to make optimistic assumptions about adaptation, such as 
practices in one region can be readily exported to others.  
c Values taken from Mendelsohn and Neumann (1999)  
 
Missing values indicate that impacts on that sector were not reported in the study. 

Negative numbers indicate damages, positive numbers indicate benefits. 
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Table 3.  Estimated effects (billions of $US) of climate change on U.S. economic welfare from 
agriculture for several climate change scenarios.  Three of the six scenarios project climate 
changes for a doubling of the preindustrial atmospheric concentration of CO2 from three 
different general circulation models (GISS; GFDL; UKMO).  The other three represent specific 
assumptions regarding future temperatures and precipitation, regardless of atmospheric 
greenhouse gas concentrations.   Source: Adams et al. (1999).   

Scenario With CO2 Effects Without CO2 Effects 

2XCO2-GISS  +10 -11 

2XCO2-GFDL +5 -19 

2XCO2-UKMO -18 -67 

+1.50C (2.7oF), +7% precipitation +20 +2 

+2.5oC (4.5oF), +7% precipitation +15 -4 

+5oC (9oF), +7% precipitation -2 -37 
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Table 4.  Projected changes (%) in average annual runoff under two climate models by water 
resource region. Source: Frederick and Gleick, 1999.  

Water Resource Region Canadian Climate Model  Hadley Climate Model 

 1990-2030 1990-2090 1990-2030 1990-2090 

New England -8 -19 9 28 

Mid-Atlantic -13 -25 10 33 

South Atlantic/Gulf of Mexico -61 -73 0 31 

Great Lakes -12 -10 20 55 

Ohio -21 -23 6 42 

Tennessee -33 -37 4 40 

Upper Mississippi -23 17 20 60 

Lower Mississippi -33 -17 5 41 

Souris-Red-Rainy -24 -80 -18 79 

Missouri -25 48 18 45 

Arkansas-White-Red -46 8 0 45 

Texas/Gulf of Mexico -87 -34 -10 -8 

Rio Grande -63 -56 -3 60 

Upper Colorado -36 5 7 66 

Lower Colorado -38 3 23 151 

Great Basin -7 75 21 138 

Pacific Northwest -2 19 15 13 

California 26 139 27 118 
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Table 5. Percent change (relative to present) in net primary productivity (NPP) for the lower 48 
states among different climate change (GFDL; OSU; UKMO), ecosystem vegetation (MAPSS; 
BIOME2; DOLY), and biogeochemistry (BGC; CENTURY; TEM) models for a doubling of 
atmospheric CO2.  The climate change models each project changes in future temperature and 
precipitation.  The vegetation models project changes in the geographic distribution of 
vegetation, and the biogeochemistry models project changes in ecosystem function and 
productivity. Source: Malcolm and Pitelka (2000).  

Vegetation Model Climate Model Biogeochemistry Model 

  BGC Century TEM 

MAPSS GFDL 20.4 29.2 37.2 

 OSU 11.9 15.6 39.7 

 UKMO -0.7 20.3 32.4 

BIOME2 GFDL 21.7 18.4 38.5 

 OSU 7.4 11.3 27 

 UKMO 0.4 12.2 27.8 

DOLY GFDL 20.1 20.4 39 

 OSU 5.6 26.0 33.1 

 UKMO -0.1 14.7 33.2 
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Figure 1.  Projected changes in U.S. average surface air temperatures during different seasons 
relative to the global average.  Estimates of U.S. temperature changes for any future global 
change can be generated by multiplying the global mean by the values indicated by the maps.  
Estimated future changes in global average temperatures are 1.4-5.8oC (2.7-10.4oF). Results 
represent average of 15 different climate models.  Source: Wigley (1999).   
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Figure 2.  Projected changes in U.S. average precipitation during different seasons relative to the 
average global warming.  Map contours represent percent change in precipitation for each 1oC 
(1.8oF) increase in average global temperature. Results represent average of 15 different climate 
models. Source: Wigley (1999).   
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Figure 3. Estimated transient monetary impacts of climate change to the U.S. economy. Source: 
Smith (2004).   
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Figure 4.  Regions of the United States. 
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IX.  Endnotes 

 
1 The growth rate for atmospheric methane (CH4) peaked in the 1980s at approximately 15 parts per billion per 
year and has since declined to a rate of approximately 5 ppb/year, indicating future trends in methane 
emissions and atmospheric concentrations may be significantly less than those suggested by historical trends.    

2 This estimate includes sectors that are clearly sensitive to climate, such as agriculture and forestry, but it also 
includes construction and tourism. As noted in the text, tourism is 6.5 percent of U.S. GDP (based on direct 
and indirect tourism-related sales). Agriculture (including fishing, forestry, and agricultural services) is 1.4 
percent of the economy, while construction is 4.7 percent (U.S. BEA, 2002b).  This figure is not necessarily an 
upper bound for which sectors of the economy are sensitive to climate, because extreme climate can affect 
many parts of the economy by affecting such critical services as transportation and water supply. 

3 Note that stabilizing greenhouse gas concentrations at less than or equal to equivalent CO2 doubling would 
still eventually result in a sea-level rise of 1 meter in 400 years (Hadley Centre for Climate Prediction and 
Research, 1999). 

4 Martens (1998) estimates that cold weather mortality in northern cities could decrease, but he did not 
examine increased mortality resulting from heat waves. Thus, it is not known whether decreased winter 
mortality would offset increased mortality from heat stress. 

5 One problem in determining how agriculture in the Southwest may be affected by climate change is that one 
of the major models used to assess impacts of climate change on agriculture, the Agriculture Simulation Model 
(Adams et al., 1999b), follows the U.S. Department of Agriculture regions, which assigns the southwestern 
states to a “West” region consisting of the Pacific coast states and a “Mountain” region consisting of the Rocky 
Mountain states. It is possible that the estimated increases in production in the West and Mountain regions may 
be confined to the northern and coastal parts of those regions. 



NCEP Staff Background Paper –  
CO2 and Non-CO2 Greenhouse Gases  

 
This paper reviews the climate change impacts of non-carbon dioxide greenhouse 

gases that are included in the Commission’s proposed tradable-permits program for 
reducing global climate change risks. This review considers the magnitude of each gas’s 
contribution to climate change (positive or negative), atmospheric lifetimes, sources, and 
impact of reductions on climate change and public health (see summary on pages 5 and 
6).  
 

Background:  Discussions and analyses of climate change have typically focused 
on technologies and policies to reduce emissions of carbon dioxide (CO2), the dominant, 
greenhouse gas (GHG) implicated in the risk of anthropogenically-induced global climate 
change. For example, most of the mitigation scenarios described in the 2001 Assessment 
of the Intergovernmental Panel on Climate Change (IPCC) included only CO2 emissions. 
However, on a global scale, greenhouse gases other than CO2 are estimated to be 
responsible for as much as 40 percent of the climate warming that occurred between 1850 
and 2000 (Figure 1; Source: IPCC 2001). In addition, although the level of scientific 
understanding is lower, additional climate warming is thought to be associated with 
ground-level ozone and black carbon. Some experts have suggested that it may be more 
cost-effective and feasible in the near-term to focus on reducing emissions of non-CO2 
GHGs as a strategy to “buy time” for the development and deployment of advanced low-
carbon energy production technologies and other mitigation options(e.g., hydrogen, 
carbon sequestration, etc.). A further rationale that has been offered for this approach is 
that reductions in emissions of non-CO2 gases and other pollutants often have ancillary, 
near-term public health, ecological, or economic benefits.  
 

  Figure 1: Estimated Contribution to Overall Climate Forcing 
 of Well-Mixed Gases in the Atmosphere from 1850-2000 
 N2O Halocarbons 6% 14%
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(CH4)
20%  
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Domestically, the three best-understood non-CO2 greenhouse gases (methane, 
N2O, and halocarbons) account for 17 percent of the total GHG inventory (Figure 2; 
Source: EPA Greenhouse Gas Inventory, 2000), as compared to 40 percent globally.  
This difference is largely attributable to the industrial nature of the U.S. economy. A suite 
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of federal programs are currently in place to promote voluntary measures for reducing 
emissions of non-CO2 GHGs, primarily methane and halocarbons (see page 4 of this 
memorandum for a list of programs). While additional research is necessary to assess the 
importance of black carbon and ground-level ozone on climate change, federal and state 
efforts to reduce these emissions and their precursors have been ongoing for many years.   
 
 

Figure 2: Contribution of Different Gases to 
the Overall U.S. GHG Inventory in 1998
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Several modeling studies suggest that in the near-term, reductions in non-CO2 
GHGs offer cost-effective, early abatement options, particularly since the cost of 
reducing emissions of these gases is often less than the cost of reducing CO2 emissions. 
For example, the cost to European nations for various climate change mitigation 
strategies was estimated to be 25 percent lower when non-CO2 GHGs were included 
(IPCC, 2001). A recent modeling exercise found that abatement costs in the United States 
could be lowered by 65 percent if non-CO2 GHG emissions were held at 2000 levels by 
2010 (Pew Center, 2003).  
 

In addition to lowering compliance costs, reducing emissions of one short-lived 
non-CO2 GHG — methane — can help slow the near- term rate of climate warming. 
According to the U.S. Environmental Protection Agency (EPA), atmospheric 
concentrations of methane could be stabilized within a few decades with emission 
reductions on the order of 10–15 percent from a 2000 baseline. A global effort to reduce 
methane emissions by 30 percent would result in an absolute reduction in the current 
radiative forcing associated with atmospheric methane. Moreover, because many sources 
of non-CO2 GHG emissions are not directly related to energy production or use (e.g., 
methane and N2O emissions from agricultural practices), abatement policies that include 
non-CO2 GHGs could provide an efficient means of spreading the cost of climate change 
mitigation across energy and non-energy sectors. 
 
Domestic sources of non-CO2 GHGs and emission trends 
 

 Methane. Major sources of methane include energy-related systems (coal mining, 
natural gas production), waste management (landfills), and agriculture (cattle, 
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rice). Methane emissions in the United States are estimated to have declined 11 
percent since 1990, largely due to increased methane recovery at landfills. 
Agriculture sources of methane are estimated to have increased about 10 percent 
during that same period.  

 Nitrous oxide. N2O emissions are estimated to have increased by 5 percent since 
1990, with the increase due mostly to mobile sources. Most (71 percent of total) 
N2O emissions are generated by agricultural activities (e.g., nitrogen fertilization, 
animal waste management).  

 Halocarbons. The phase-out of ozone-depleting chlorofluorocarbons (CFCs) has 
led to the production of a host of synthetic chemicals that are potent GHGs 
(HFCs, PFCs, SF6) for use as refrigerants and aerosol propellants. Examples 
include hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur 
hexafluoride (SF6). Emissions of these chemicals have increased by 58 percent 
since 1990, and this trend is expected to continue as hydrochlorofluorocarbons 
(HCFCs) are phased out and replaced with HFCs.  HFC-134a has been the 
industry standard for replacing CFCs in automobile air conditioners since 1994. 
Production of this potent GHG (it has a global warming potential of 1,300 which 
means that its heat-trapping potential in the atmosphere is 1,300 times that of an 
equal weight of carbon dioxide) has increased more than 50-fold since 1990.  

 Ground-level ozone. Precursor emissions for the formation of ground-level ozone 
include oxides of nitrogen (NOx) and volatile organic compounds (VOCs). Ozone 
levels and VOC emissions have declined in most areas of the country over the last 
decade in response to federal and state regulations, and are projected to decline 
further as cleaner cars and trucks replace existing vehicles. NOx emissions have 
increased by 9 percent since 1990 largely due to increased mobile source 
emissions, but are projected to decline over the next two decades as new mobile 
and stationary source regulations take effect.  Major sources of VOCs include 
mobile sources (cars and trucks), solvent use, and industrial processes.  Major 
sources of NOx include mobile sources as well as large stationary sources such as 
power plants. 

 Sulfates. Unlike other pollutants discussed here, sulfate aerosols formed from 
sulfur dioxide (SO2) emissions have a cooling effect on the Earth’s atmosphere 
because they reflect sunlight. As a result, SO2 reduction strategies improve air 
pollution and produce important public health and ecosystem benefits but can 
actually exacerbate global warming. The SO2 inventory is dominated by 
stationary sources which account for 82 percent of total U.S. emissions — mostly 
from coal-fired power plants. Stationary source SO2 emissions in the United 
States have declined 23 percent since 1990 under the federal Acid Rain program, 
offsetting a slight increase in mobile source SO2 emissions over the same time 
period.  

 Black Carbon.  Some experts believe that the climate-forcing effects of black 
carbon (soot) emissions have been underappreciated by the IPCC.  For example, 
James Hansen (Goddard Institute, NASA) and colleagues believe that the global 
forcing due to black carbon particles in the atmosphere is on the order of 1 Watt 
per square meter (W/m2), rather than on the order of 0.1 W/m2, as assumed by the 
IPCC (1996).  For comparison, the climate forcing effect of CO2 in the 
atmosphere is estimated at 1.4 W/m2. Major global sources of black carbon 
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include diesel vehicles, some high-emitting gasoline vehicles, and stationary 
fossil-fuel combustion sources. In the United States, black carbon emissions from 
diesel combustion are projected to decline with the introduction of new emission 
standards for diesel trucks and buses.  
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Review of CO2 and Non- CO2 Greenhouse Gases1 
 

Climate 
Change 
Pollutants 
and 
Emissions 

Radiative 
Forcing 
(Wm-2) 

Sign  Level of
Scientific 
Under-
standing 

Global 
Warming 
Potential 
(GWP) 

Atmospheric 
Lifetimes 
(years) 

Collateral 
Impacts 

Pct. of U.S. 
GHGs 
GWP 
 (Tg of CO2 
equivalent) 

Major Sources / Comments 

CO2 1.4  +-0.2 + High 1 50 – 200   83% Stationary fossil fuel combustion 
(mainly coal), and petroleum fueled cars 
and trucks. 

Methane 
(CH4) 

0.5 +-0.2 + High 21 12  9% Landfills, animal digestion, natural gas 
systems, coal mining, manure and 
wastewater treatment. Methane also 
contributes to climate change through 
ozone formation and production of CO2. 

Nitrous Oxide 
(N2O) 

0.15 +-.05 + High 310 120  6% Agriculture soil and mobile sources 
dominate. 

Halocarbons 
(HFCs, PFCs, 
SF6) 

0.35    

     

+ High 140 –
23,900 

1.5 – 50,000  2% Substitution of synthetic substances 
(HFCs, PFCs) for ozone depleting CFCs 
that were banned by Montreal Protocol, 
HCFC-22 production, electric 
transmission and distribution. 

Stratospheric 
Ozone Layer 

(0.15+-
0.1)  

- Medium n/a Weeks -
Months 

Filters out 
harmful solar 
radiation 

n/a As ozone layer recovers over next few 
decades, future radiative forcing 
projected to become positive. 

Tropospheric 
Ozone 
(Smog) 

0.3 +-0.15 + Medium n/a Days – Weeks Public health 
respiratory 
effects, 
agriculture 
impacts 

n/a Formed mainly from volatile organic 
compounds (VOCs) and nitrogen oxide 
(NOx) in warmth and sunlight. 

Aerosols 
 Sulfate (0.4+- - Low n/a Weeks - Premature n/a Stationary fossil fuel combustion (86%), 

                                                 
1 This table does not include several items with a very low level of scientific understanding: biomass burning, mineral dust, tropospheric aerosol indirect effect, 
contrails,, land use, and solar.  It also does not include some criteria pollutants (CO, NOx) that were not listed by the IPCC in its assessment of climate forcings. 
However, these pollutants do have an impact on climate warming through indirect atmospheric or ecological processes. 
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   0.25) Months mortality &
morbidity, acid 
rain. 

mobile sources (6%). 

Black Carbon  0.15 +-0.1 + Very Low n/a Days - Weeks Premature 
mortality & 
morbidity, 
probable lung 
cancer from 
diesel soot 

n/a Fossil fuel combustion – particularly 
diesel fuel, coal, jet fuel, natural gas and 
kerosene – as well as the burning of 
wood and other biomass when land is 
cleared. 

Organic 
Carbon 

(0.01+-
.02) 

- Very Low n/a Days - Weeks Many are toxic, 
also combine 
with NOx to 
form ozone. 

n/a Mobile sources (44%), Solvent use, 
Industrial Processes. 

 
 



 

NCEP Staff Background Paper -  
Adaptation as a Response to Climate Change 
  
I.  Introduction 

There is a growing consensus that anthropogenic emissions of greenhouse gases 
(primarily CO2) to the atmosphere are upsetting the thermal balance of the planet and 
contributing to a global warming trend.  Scientists and policymakers around the world 
have acknowledged that global climate change is likely to disturb regional weather 
patterns and that these changes, although difficult to predict with any certainty, pose 
challenges and risks to human and natural systems.  Most climate change research seeks 
to better understand these impacts by elucidating the complex mechanisms that govern 
climatic conditions on Earth.  
 

In the policy arena, attention has tended to focus on strategies for reducing 
anthropogenic greenhouse gas emissions. Such mitigation strategies, however, generally 
offer little by way of helping human or natural systems respond to the consequences of 
future warming, some of which is certain to occur and indeed appears already to be 
occurring.  Actions to moderate the consequences of climate change — which may 
include rising sea levels, altered precipitation patterns, more intense and frequent extreme 
weather events, and changes to the geographic distribution of important disease vectors 
— must therefore complement actions aimed at mitigating its causes. Adaptation 
measures can substantially reduce the potential for damage, while increasing the 
likelihood that some regions, communities, or individual entities may even be able to take 
advantage of opportunities created by climate change (see Table 1 for a comparison of 
adaptation vs. mitigation strategies and their characteristics).1

    
The difficulty of assessing specific regional impacts from global climate change 

meant that the Commission was unable to conduct a comprehensive assessment of 
adaptation options as part of its effort to develop consensus national energy policy 
recommendations. Nevertheless, the Commission believes that understanding the cost 
and feasibility of adaptation options is critical in developing a comprehensive and cost-
effective overall strategy for responding to the risks posed by global climate change. 
Adaptive strategies are important precisely because, given the 100-year residence time of 
CO2 in the atmosphere, climate effects from past, current, and future greenhouse gas 
emissions can be expected to continue for many years — that is, at least through the 21st 
century and probably beyond — regardless of the success of near-term emissions 
reduction efforts.  
 
 
 
Table 1.  Differences between Adaptation and Mitigation — Two Complementary Responses to the 
Risks Posed By Global Climate Change.2
 
 Adaptation Mitigation 
Timing Near-term Longer-term 
Geographic Scope Local or regional Global 
Sectoral Focus Sectors that are sensitive to impacts Sectors that emit greenhouse gases 
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II. Adaptability 

Several factors influence the ability of human systems to adapt and cope with 
climate change, including wealth, technology, education, access to information, skills, 
infrastructure, management capabilities, and access to natural resources.  Endowments of 
these attributes vary greatly across communities, populations, and entire nations. In 
general, developing countries are at a significant disadvantage along many of these 
dimensions and as such may be less able to undertake adaptive strategies for coping with 
the impacts of future climate change.3  Even wealthy nations, however, are far from 
invulnerable and the global nature of today’s economies suggests that the travails of the 
poor will be difficult for wealthy nations to ignore or isolate. Regardless of wealth, all 
nations will find it difficult to design and implement costly adaptation efforts as long as 
scientific understanding of specifically how climate change will affect different regions 
remains so uncertain.   
 
 The United States nonetheless has a relatively greater adaptive capacity than most 
nations, especially if it implements proactive policies.  Table 2 provides a qualitative 
indication of the sensitivity and adaptability of various natural and economic sectors 
within the United States in terms of their vulnerability to predicted climate change 
impacts.   
 

Table 2:  The Sensitivity and Adaptability of Human Activities and Nature 4 
 

Low Sensitivity 
Sensitive, but 
Adaptation at 
Some Cost 

Sensitive, 
Adaptation 
Problematic 

Industry and Energy X   
Health X   
Farming  X  
Managed forests and grasslands  X  
Water resources  X  
Tourism and recreation  X  
Settlements and coastal structures  X  
Human migration  X  
Political Tranquility  X  
Natural landscapes   X 
Marine ecosystems   X 

 
As indicated by Table 2, natural ecosystems are not only likely to be sensitive to 

climate change impacts; they are also likely to pose particular challenges in terms of 
adaptation. In many cases there is relatively little humans can do to transport, support, or 
shelter complex and interdependent natural ecosystems in the face of climate change. 
 

 
III. Adaptation Options and Actions 

In a 1991 synthesis report on the policy implications of global warming, the 
National Academy of Sciences described five categories of human response to 
disruptions caused by climate change: (1) modify the hazard, as by channeling rivers that 
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are prone to flooding; (2) prevent or limit impacts, as by building dikes; (3) move or 
avoid the loss, as by implementing flood plain zoning; (4) share the loss, as by providing 
insurance; and (5) bear the loss, as by losing all or part of a crop.5 
 

In light of highly varied potential vulnerabilities, a multitude of adaptive policy 
options exist.  Policies like improved flood plain and coastal development zoning could 
help minimize future property damages, while vigorous agriculture and coastal research 
programs could better prepare susceptible economic sectors for likely shocks.  In these 
contexts, cost-benefit accounting is often helpful in assessing the value of certain 
adaptive measures.  Certain industries – particularly the insurance industry, led by 
companies such as Swiss RE – have realized that climate change could seriously affect 
their business and are in the early stages of developing adaptive risk avoidance and risk 
management strategies to meet these potential challenges.   
 

To date, however, governments have been at the leading edge of most adaptation 
efforts.  In the United States, policy leadership so far has largely come from states and 
localities. Given that both the costs and benefits of adaptation strategies tend to be highly 
localized, areas facing potentially strong negative effects from climate change are most 
likely to be motivated to consider and undertake adaptation policies.  
 

Some examples of such policies in a land-use context include rolling coastal land 
easements (in Texas, which has a long coastline along the Gulf of Mexico and many low-
lying barrier islands), requirements that localities explicitly consider sea level rise in their 
comprehensive management plans (North Carolina, with an extensive and low-lying 
coastal plain and islands), and policies for regulating shoreline protection or mandating 
minimum development setbacks.  While some of these policies or practices were not 
implemented explicitly to respond to climate change (an example is Florida’s 
requirement that municipalities develop evacuation routes for use during strong storms) 
their adaptive value may be significant.6   
 

Localities, states, and regions have also been active in researching adaptation 
options.  Recent examples include Louisiana’s “Coast: 2050 program” (which lays the 
foundation for aggressive future coastal adaptation efforts) and Miami-Dade’s “Climate 
Change Adaptation Task Force.” 7,8   
 

To date, adaptation efforts at the federal level have been more limited. One 
example of a federal policy that could provide adaptive benefits is the Federal Flood 
Insurance Community Rating System, which reduces premiums for communities that 
exercise good planning practices. Such practices could become increasingly valuable if 
storm intensity increases as predicted as a result of global warming trends.9   
 

Related federal research efforts include a number of programs at the U.S. 
Department of Agriculture, the National Oceanic and Atmospheric Administration, and 
the U.S. Department of Transportation.10  The U.S. Environmental Protection Agency 
currently distributes grants for stakeholder research, while several study directives in the 
United States Global Change Research Program either directly address adaptation or 
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could contribute to an improved understanding of the potential for adaptation at a 
regional level.11  At present, however, there is little interagency coordination of these 
efforts.12     
 

As awareness of potential climate change impacts has grown, so has interest in 
adaptation measures as an important category of policy options for responding to climate 
risks. The most recent and salient federal development in this regard is the fact that a 
series of adaptation provisions was included in federal energy legislation considered by 
the 108th Congress in 2003 (specifically, H.R. 6) but never enacted into law. The first of 
these provisions called for a nation-wide regional vulnerability assessment program and 
the development of preparedness recommendations (the proposed funding authorization 
for this program was $4.5 million); another set of provisions provided for a separate 
series of regional coastal vulnerability assessments (with a proposed funding 
authorization of $3 million).  The latter program would have mandated coastal adaptation 
plans, provided grants for this purpose, and established a coastal response pilot program 
(with authorized funding for an additional $3 million). Both of these programs would 
have been conducted under the oversight of the federal Department of Commerce.13 
 

In these and future efforts, the federal government has a unique ability to 
coordinate efforts, reduce redundancy, and facilitate information sharing. At the same 
time local, state, and regional efforts can make an important contribution in terms of 
filling any gaps and devising site-appropriate solutions. 

 
 
IV. Conclusion 

Adaptation strategies are important components of an integrated approach to the 
risks posed by climate change, and should be grounded to the extent possible in the best 
current understanding of likely regional and local effects of climate change.  As such, 
both adaptation research and adaptive policies deserve serious consideration in the near 
term.   
 

As with many emissions abatement opportunities, adaptation options tend to be 
most accessible to the economically developed nations that have historically made the 
largest contribution of greenhouse gases to the atmosphere. Unlike emissions reduction 
strategies — the climate-related benefits of which are entirely global — adaptation 
strategies most directly and most substantially benefit the nations that invest in them. 
This may not be entirely positive to the extent that it further widens the gap between 
wealthy and poor nations and undermines the prospects for a concerted and collective 
international effort to address the causes of climate change. In the long-run, of course, 
only mitigation strategies that substantially reduce greenhouse gas emissions to the 
atmosphere have the potential to stop or reverse global climate change. Meanwhile, both 
types of responses are likely to be necessary to effectively manage climate change risks. 
Early mitigation efforts can reduce the rate of global warming, thereby making adaptive 
strategies more feasible and less costly. Conversely, adaptive measures can help 
minimize climate-induced damages in the near- to mid-term, effectively “buying time” to 
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implement the substantial emissions reductions that are likely to be needed over the long-
run.  
 
 

 
1 J. McCarthy et al., ed., 2001.  Climate Change 2001:  Impacts, Adaptation, and Vulnerability.  
Cambridge:  Cambridge University Press. 
2 T. Wilbanks et al., 2003.  “Integrating Mitigation and Adaptation as Possible Responses to Global 
Climate Change,”  submitted to Environment. 
3 Titus et al, “The Greenhouse Effect and Sea Level Rise”, vol 19, pp 171-204, Coastline Management, 
1991. 
4 U.S. EPA, 2002.  “U.S. Climate Action Report 2002”  The United States of America's Third National 
Communication Under the United Nations Framework Convention on Climate Change. 
5 Policy Implications of Global Warming – Synthesis Panel, 1991.  Policy Implications of Greenhouse 
Warming.  Washington, DC:  National Academy Press. 
6 William E. Easterling, Brian H. Hurd, Joel B. Smith, Coping With Global Climate Change: The Role of 
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13 United States Congress, House of Representatives, Energy Policy Act of 2003, 108th Cong., 1st sess., 
2003, H.R. 6. 



NCEP Staff Background Paper –  
Pricing Carbon: An Overview 

 
Introduction 

Economists have long emphasized the advantages of using market-based mechanisms to 
address environmental problems.  Rather than relying on “command-and-control” rules, market-
based mechanisms, such as environmental taxes or emission trading programs, provide financial 
incentives to private firms to reduce pollution levels.  European and developing countries employ 
a wide range of emission taxes, while the United States has generally pursued emission trading 
programs rather than taxes.  
 

The United States first began incorporating aspects of emission trading into its air quality 
regulations in 1974, when it allowed a modified source to avoid additional regulatory 
requirements by using “credits” earned by another source within the same plant.  Analysts have 
estimated the savings from these credit trading programs to be as high as $12 billion.  In 1990, 
the Clean Air Act Amendments established the acid rain trading program, generally considered 
to be the most successful, effective comprehensive emission trading program to date. 
 

While market-based mechanisms can help to minimize the costs of attaining specific 
environmental goals, these programs nevertheless impose costs on regulated entities.  Such 
would also be the case with a carbon control program.  Moreover, while the United States has 
extensive experience using market-based mechanisms, a carbon control program is likely to pose 
unique challenges that will distinguish it from other programs.   
 

This paper provides a brief overview of market-based policy mechanisms and their 
potential use as a means of reducing carbon emissions. 
 
 
Carbon Emissions by Sector and Fuel 

Total carbon emissions from fossil fuel combustion in the United States were 1,562 
million metric tons (MMT) in 2000.1  Since 1990, U.S. carbon emissions have increased by 210 
MMT, or nearly 16 percent.  The electric power sector is the largest emitter, accounting for just 
over 40 percent of total emissions in 2000, followed by the transportation sector at 33 percent.  
Non-electricity-related carbon emissions from the residential, commercial and industrial sectors 
account for the remaining 26 percent (Figure 1a).2  Based on each end-use sector’s share of 
electricity consumption, the residential, commercial and industrial sectors each account for 
roughly one-third of the emissions from the electric power industry (Figure 1b).   
 
 
 
                                                 
1 Energy Information Administration, Emissions of Greenhouse Gases in the United States 2000.  Total carbon 
emissions in the U.S. were 1,598 MMT in 2000.  Of this total, 36 MMT carbon were the result of industrial 
processes such as cement production and natural gas flaring; the remaining 1,562 MMT are the result of burning 
fossil fuels. Carbon emissions data in this memo are based on emissions from fossil fuel combustion only.  
2 Detailed tables of emissions by sector and fuel are provided in the appendix. 
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Figure 1a: Carbon Emissions by Sector in 2000 

Total Emissions = 1,562 Million Metric Tons Carbon 
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*Residential, commercial and industrial emissions shown below do not include emissions from electricity use by these sectors. 

 
 
 
 

Figure 1b: Carbon Emissions by Sector in 2000 
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Of the three main fossil fuels, petroleum accounts for the largest share of total carbon emissions 
— roughly 42 percent or 658 MMT carbon.  Coal-related emissions account for 37 percent of the 
total, with emissions from natural gas making up the remaining 21 percent (Figure 2). 
 
 
 

Figure 2: Carbon Emissions by Fuel in 2000 
Total Emissions = 1,562 Million Metric Tons Carbon 
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Carbon Content of Fossil Fuels 

Although petroleum use accounts for the greatest share of carbon emissions from fossil fuel, coal 
contains the most carbon per unit of energy (Btu) — approximately 26 million metric tons of 
carbon per quadrillion Btu (MMTC/quad).  Compared to natural gas, coal contains roughly 75 
percent more carbon per Btu.  Carbon-content factors for all three primary fossil fuels are given 
below in Table 1. 
 
Because coal has the highest carbon content of all three fossil fuels, a policy mechanism that 
prices carbon will have a substantially greater impact on coal.  For example, a $10 carbon tax (or 
equivalent carbon allowance price) would increase delivered coal prices by just over 20 percent, 
while delivered natural gas prices would increase by only 2 percent.  The table below shows the 
price impact on fossil fuels and selected petroleum products for a $5, $10, and $25 per ton 
carbon charge.3 
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3 These estimates assume the entire carbon tax or carbon allowance price is passed through to the consumer.  All 
percentage increases in prices are based on average delivered fuel price in 2000. 



 
Table 1: Impact of a Carbon Charge on Selected Fossil Fuel Prices  

  Fuel Price with a Carbon Charge 

 $5/ton Carbon $10/ton Carbon $25/ton Carbon 

 

Average 
Price in 

2000 New Price Percent 
Change New Price Percent 

Change New Price Percent 
Change 

Coal 
(Delivered to Electric 
Generators, $/short ton) 

 
$24.28  

 
$26.95  11% $29.63  22% $37.64  55% 

Natural Gas 
(Delivered to Residential 
Sector, $/mcf) 

$7.76  $7.83  1% $7.91  2% $8.13  5% 

Crude Oil 
(Domestic Refiner’s Acquisition 
Cost, $/bbl) 

$26.73  $27.32  2% $27.90  4% $29.66  11% 

Gasoline 
(National Retail Average, all 
grades, $/gallon) 

$1.10  $1.11  1% $1.12  2% $1.16  5% 

Jet Fuel 
(Delivered, $/gallon) $0.90  $0.91  1% $0.93  3% $0.96  7% 

Home Heating Oil 
(Delivered, $/gallon) $1.31  $1.32  1% $1.34  2% $1.38  5% 

Source: Energy Information Administration, Annual Energy Review 2000. Petroleum Marketing Annual 2000. Coal Industry Annual 
2000. Prices are given in 2000$. 

 
 
 
Why Use Market-Based Mechanisms? 

Traditional “command-and-control” regulations focus on setting technology and 
performance standards for pollution sources.  However, different firms can face very different 
costs for meeting a performance standard or installing new equipment.  By mandating the same 
standard across all firms, some emission reductions will be relatively low-cost, while some are 
likely to be very expensive.  This approach might not necessarily result in the most cost-effective 
emission reduction strategy. 
   

Market-based mechanisms, such as an emissions tax or a tradable emission permit 
system, instead rely on financial incentives to reduce pollution by explicitly pricing the 
emissions.  With an emissions tax, a firm pays a specified charge for each ton of pollution it 
emits.  The firm will reduce its emissions until the cost of doing so is greater than the tax, and 
then simply pay the tax on its remaining emissions.   
 

Under an emission trading system, the government places an aggregate emissions cap or 
quota on a group of emissions sources (e.g., the electric sector) and distributes emission permits 
equal to the level of the cap.  Each firm must have enough permits to cover its emissions, and 
may sell or buy permits to or from another other firm.  Firms with low emission reduction costs 
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will reduce emissions and sell their excess permits to firms that face higher emission reduction 
costs.   
 

Both of these mechanisms minimize the cost of meeting an environmental goal by 
ensuring that firms undertake the lowest-cost emission reductions first.  But market-based 
mechanisms have an additional advantage — they provide financial incentives to innovate and 
find new, cheaper ways to reduce emissions.  If, in a tradable permit system, a firm reduces 
emissions below what its permits allow, it can sell the unused permits to other firms; similarly 
under a charge system, a firm that reduces emissions pays a lower charge. 
 

While many economists today favor market-based mechanisms for reducing emissions, 
others have raised concerns over the equity of emissions trading, arguing that firms should not be 
allowed to meet all of their emission reduction requirements by simply purchasing permits.  For 
example, many European countries favor placing limits on international carbon permit trading in 
order to ensure each country takes some steps to reduce their own emissions. 
 

Emission Taxes vs. Emission Trading 

Emission taxes and emission trading systems are similar in that they both explicitly price 
pollution.  If regulators had perfect information on the costs of reducing emissions, these two 
approaches could be used interchangeably.  Regulators could simply set the tax at the level that 
would reduce emissions to some specified amount, or set the cap at a level that would result in a 
particular permit price.   
 

Of course, regulators do not have perfect information regarding control costs.  Moreover, 
both emission levels and control costs will fluctuate over time.  This fact gives rise to a key 
difference between the two approaches.  Emission taxes cap the cost per ton paid to reduce 
emissions.  For example, under a carbon tax of $10 per ton, firms would undertake all emission 
reduction projects that cost less than $10 per ton and pay the tax on their remaining emissions.  
Emission reduction costs are limited to $10 per ton, and total emission levels will fluctuate.  
Under a tradable permit system where total emissions are capped, the price of permits will rise or 
fall to whatever level is necessary to bring emissions to the level of the cap.  This difference is 
one factor that regulators might consider when determining whether to use emissions taxes or 
emission trading systems. 
 
 
Safety Valves: A Hybrid Approach 

One approach that has recently gained attention is a hybrid system that combines an 
emission trading system with a “safety valve.”  Under this system, the government would cap 
total emission levels, but would sell additional permits at some pre-determined price.  If market 
prices for permits surpass this pre-determined price, firms will choose to buy additional permits 
from the government.  As these additional permits enter the market, permit prices will decline 
until they fell below the government’s pre-determined price, thus providing a “safety valve” for 
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the market.  This approach aims to cap total emissions while ensuring that control costs do not 
become too expensive.4 
 
 
Design Considerations for a Carbon Trading System 

(Note: For the sake of brevity, design issues are discussed primarily in the context of an emission 
trading system.  Many of these same issues would also arise under a carbon tax.) 
 

Several major issues arise when attempting to design a viable carbon trading system.  
Some of these issues are common to all emission trading programs, such as monitoring and 
verification protocols, or enforcement and compliance rules.  In other ways, carbon could 
actually be easier to regulate through an emissions trading program.  For example, carbon has no 
local environmental impacts thereby eliminating the problem of potential environmental “hot 
spots” associated with other trading programs.   
 

Carbon emission trading, however, raises several unique issues, such as whether and how 
to include non-carbon greenhouse gases in the trading program (e.g., methane, nitrous oxides), 
how to provide credit for carbon “sinks” (e.g., tree-planting activities), and how to integrate a 
domestic trading program with an international trading program.  While a detailed discussion of 
each of these issues is beyond the scope of this paper, two major design issues are briefly 
explored here:   
 

 Where in the energy chain should the trading program be implemented  
upstream at the point of primary fossil fuel production, or further 
downstream, such as electric generators, industrial sources and 
automobiles? 

 
 How should the permits be allocated  given away freely to required 

permit holders, or auctioned? 
 

Upstream vs. Downstream Trading Systems 
The term “emission trading” suggests the program should be applied to sources that are 

direct emitters.  In the case of carbon, however, direct emitters number in the hundreds of 
millions since they include sources such as automobiles and residential furnaces.  This fact 
makes it almost impossible to cover all direct emitters in a carbon trading program.  However, 
because virtually all of the carbon contained in fossil fuels extracted from the ground is 
eventually released into the atmosphere, a carbon trading program could target other points in the 
energy chain.  One such option is to implement the program “upstream” at the point of primary 
fossil fuel production. 
 

There are various points even within the primary fuel production chain where a permit 
trading program could be implemented.  These include fuel extraction (oil and gas wells and coal 

                                                 
4 This idea was originally proposed by researchers at Resources for the Future.  The approach is also embodied in 
the “Skytrust” proposal. 
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mines), processing (oil refineries, natural gas processing facilities, coal blending/cleaning 
facilities) or the wholesale distribution level.  A key advantage of implementing a trading regime 
at the primary fossil fuel production level is that the same permit price would apply to all carbon 
emissions and would provide maximum flexibility for trading across all sectors and fuels.  In 
addition, the number of firms to be regulated would remain manageable.5 
 

A second option is to target the program “downstream” at the point of fuel combustion 
and limit it to major emitters in order keep the number of covered sources manageable.6  A 
downstream program that covered electric generators and energy-intensive industries in the 
manufacturing sector would capture roughly 50 percent of total U.S. carbon emissions.  This 
system would most closely resemble the highly successful acid rain trading program.  A chief 
advantage of downstream trading is that the United States already has significant experience with 
this approach.  
 

Given their large number of sources, the residential, commercial, and transportation 
sectors pose too great an administrative burden to be included directly in a downstream carbon 
trading program.  A relatively small share of total U.S. emissions would be left out of the carbon 
trading program if the residential and commercial sectors were excluded, although this small 
share could include many inexpensive reduction opportunities.  In 2000, carbon emissions from 
these two sectors were 167 MMT (excluding emissions from electricity use), or 11 percent of 
total carbon emissions.  
 

The transportation sector, however, accounts for one-third of total U.S. carbon emissions.  
Several options have been put forward for including these sources in a downstream trading 
system.  Petroleum refiners could be required to hold permits for all transportation fuels sold.  A 
second option is to require automobile and truck manufacturers to hold permits covering the 
carbon emissions from the vehicles they sell.  Emissions would be estimated based on annual 
average vehicle miles traveled (VMT) and average vehicle lifetime.  Increasing fuel economy 
requirements could also reduce carbon emissions from the transportation sector, although 
emissions from vehicles currently on the road would then be excluded from the carbon trading 
program.  In addition, improved vehicle efficiency combined with low gasoline prices could lead 
to an increase in VMT that would offset fuel economy gains.   
 

Allocating Permits       
A carbon emission trading program would create new, marketable assets that have 

substantial value. Accordingly, the mechanism used to allocate new permits will have significant 
distributional impacts.  If carbon were priced at $25 per ton, for example, the total value of all 
carbon emissions in 2000 would have been nearly $40 billion. By comparison, the total value of 
permits in the acid rain trading program is $2 to $3 billion annually.   
 

Permits can be allocated through a variety of means.  Under the acid rain program, 
permits were given directly to emitters based on their historical emissions.  This same allocation 

                                                 
5 There are approximately 2,000 oil and natural gas producers and 50 coal mining companies operating in the U.S. 
6 For example, Congress is considering proposals to include carbon in a multi-pollutant trading program for the 
electric sector.   
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mechanism could be used for a carbon emission trading program.  One potential drawback, 
however, is that many firms have already taken action to reduce carbon emissions through 
government-sponsored voluntary programs that have been underway for nearly a decade now.  If 
firms were given permits based on historical emission levels, these firms would receive fewer 
permits and would be penalized by the allocation mechanism.  A number of alternatives have 
been proposed that would avoid this problem while still giving permits directly to emitters. 
These include allocation mechanisms that award permits based on the basis of actual output 
rather than historic emissions (e.g., kilowatt-hours, tons of steel, etc.).   
 

Rather than giving permits away, the government could choose to auction them.  Bidders 
would pay the auction clearing price for permits, and permits could then be freely traded in 
secondary markets.  An auction ensures that permits are available for trade and would serve to 
inform traders about current price levels.  All participants would have equal access to permits, 
placing new entrants on the same footing as existing emitters — an issue of increasing concern in 
the acid rain program. 
 

An auction would also generate significant revenues for the government  a major 
advantage or disadvantage of this approach, depending on one’s point of view.  These revenues 
could be used to offset other taxes, or to compensate industries, workers, or consumers who bear 
a disproportionate share of the costs of control (although permits could also be distributed as a 
means of compensation).  Regardless of whether actual revenues are generated, permits created 
under a carbon trading program represent a valuable asset, and their distribution will have 
significant equity implications. 
 
 
Current Context 

In 2004, Congress considered two major pieces of legislation aimed at reducing carbon 
emissions.  Senate bill 556 proposed by Senator Jeffords (I-VT) would cap carbon emissions 
from the electric sector at 1990 levels in 2007.  This cap would be implemented as part of a 
multi-pollutant reduction program that would simultaneously cap emissions of SO2, NOX, and 
mercury.  This is the only mandatory carbon reduction legislation Congress has ever seriously 
considered.  Legislation to implement a single, economy-wide cap that would cover greenhouse 
gas emissions from all sectors has never been introduced in Congress. 
 

A voluntary, national greenhouse gas registry was passed by the Senate in March 2002 as 
part of its comprehensive energy bill, and has been an issue of significant debate during the 
ongoing Senate-House conference on the energy bill.  The national registry program would 
encourage firms to publicly report their greenhouse gas emissions to the government on an 
annual basis.  Although reporting would initially be voluntary, the program would become 
mandatory after five years if reported emissions in the registry were less than 60 percent of total 
U.S. emissions.  The program is similar to the Toxic Release Inventory (TRI) program 
administered by the U.S. Environmental Protection Agency (EPA). The TRI program is credited 
with reducing toxic chemical releases by 50 percent since its inception in 1998.   
 

Both EPA and the Department of Energy (DOE) administer a number of programs to 
encourage electric utilities, industrial firms, appliance manufacturers, and commercial businesses 
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to voluntarily reduce emissions.  Activities by these firms include manufacturing and purchasing 
more efficient end-use equipment, increased use of renewable energy, and tree planting.  A few 
of these programs provide financial incentives to firms, while others provide information to firms 
on potential energy and cost savings through improved efficiency.  Some firms participate 
simply to demonstrate their corporate commitment to the environment.  Firms report emission 
reductions associated with these activities to the Energy Information Administration’s Voluntary 
Reporting of Greenhouse Gases, generally known as the 1605b program.  In 2000, greenhouse 
gas reductions reported by firms under this program totaled 269 MMT of carbon-equivalent.  
Since the program’s inception in 1994, cumulative greenhouse gas reductions have amounted to 
1,256 MMT carbon-equivalent.7 
 
 
Conclusion 

The United States has extensive experience using market-based mechanisms to reduce 
pollution, and these programs have been successful at helping to minimize control costs.  
Although reducing greenhouse gas emissions poses several unique challenges compared to other 
emission reduction programs, most economists agree that some type of market-based mechanism 
should be part of the overall strategy to control greenhouse gas emissions. 
 
 
 

                                                

 
 
 
 
 
 
 
 
 
 
 
 

 
7 Totals include reduction of non-carbon greenhouse gases and carbon sequestered through tree-planting programs.  
Source: Energy Information Administration, Voluntary Reporting of Greenhouse Gas Emissions 2000. 
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Abstract 

At the present time no widely accepted temporal emissions path for greenhouse gases has 
been developed and adopted at either a country or a global level. What does exist is a set of near-
term, country-level emissions targets associated with the first commitment period of the Kyoto 
Protocol and a process for the determination of targets for subsequent commitment periods. 
However, the first commitment period targets specified by the protocol have been heavily 
criticized on the grounds that they are arbitrary and ad hoc. The purpose of this paper is to 
examine the conceptual foundations upon which one might base a domestic climate policy for 
the United States and to attempt to determine whether a near-term emissions target can indeed be 
derived from structured decisionmaking resting upon these conceptual foundations. 
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 Near-Term Greenhouse Gas Emissions Targets 

Raymond J. Kopp∗ 

Introduction 

Both domestic and international policies designed to reduce the threat of global climate 
change do so by limiting the atmospheric emission of anthropogenic greenhouse gases.1 Perhaps 
the two most important design elements within such policies are the amount by which 
greenhouse gases are reduced and the time frame over which such reductions take place. 

One can imagine a hypothetical policy where all greenhouse gas emissions are eliminated 
immediately. Such a policy would surely reduce the threat of global climate change, but the 
severity of the limitation on emissions combined with the immediacy of their reduction would 
come at great global economic cost. On the other hand, a business-as-usual policy requiring no 
reductions in greenhouse gases now or in the future would have no economic cost, but would do 
little or nothing to reduce the threat of global climate change. 

Article 2 of the United Nations Framework Convention on Climate Change (UNFCCC 
1992) states the objective of the Framework is “to achieve the stabilization of greenhouse gas 
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic 
interference with the climate system.”2 

Article 2 also states that such a concentration level should be achieved within a time 
frame that “enables economic development to proceed in a sustainable manner.” Many interpret 
this last phrase to suggest that stabilization of greenhouse gases should be undertaken in a 

                                                 
∗ Senior Fellow, Resources for the Future. The author wishes to thank Richard Richels for providing data from 
MERGE model runs and Billy Pizer for valuable comments throughout the preparation of this paper. All errors and 
omisions remain the responsibility of the author. 
 
1 There is a second set of important policies associated with global climate change. These policies concern the 
adaptation of both natural and man-made systems to a changed climate. While important, these policies are not 
considered in this paper. 
2 See page 9 UN 1992. 
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manner that would not disrupt the global economy (see Wigley 2000) and therefore some 
balancing of climate and economic systems is envisaged. 

The challenge is to design a policy that chooses a temporal path of emissions reductions 
balancing the economic cost of those actions against the reduced threat of global climate 
change.3 This temporal path specifies annual emissions rates beginning with the present and 
extending into the future until concentrations have been stabilized at the desired level. 

At the present time no widely accepted temporal emissions path has been developed and 
adopted at either a country or a global level. What does exist is a set of near-term, country-level 
emissions targets associated with the first commitment period of the Kyoto Protocol and a 
process for the determination of targets for subsequent commitment periods.4 However, the first 
commitment period targets specified by the protocol have been heavily criticized on the grounds 
they are arbitrary and ad hoc and inconsistent with notions of economic efficiency, failing to 
balance economic costs with threats to the global climate system as required by Article 2 of the 
Framework Convention. These critics argue in favor of a process giving rise to both near-term 
emissions targets and full temporal emissions paths based upon an approach that would avoid 
arbitrary and ad hoc decisionmaking and ensure the targets meet the requirements of economic 
efficiency.5 

The construction of emission targets based on a sound conceptual framework, and 
guaranteeing economic efficiency is a laudable goal. However, it is not immediately  
apparent that the difficult problem of domestic climate policy formulation lends itself to  
this type of rigorous construction. The scientific and economic uncertainties inherent in the 
problem of climate change may be so great that they represent an insurmountable barrier to  
the use of “structured decisionmaking.” 

                                                 
3 The balancing may be conducted in an analytic manner providing information and analysis to decisionmakers to be 
used in the political process giving rise to policy recommendations, or the balancing may be conducted entirely 
within a political process without the benefit of formal analysis. 
4 See UN 1997. 
5 There are six greenhouse gases covered under the Kyoto Protocol—carbon dioxide (CO2), methane, nitrous oxide, 
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulfur hexafluoride (SF6). The most important of these is 
carbon dioxide, and the topic of this paper concerns near-term targets for the emission of carbon dioxide. 
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The purpose of this short paper is to examine the conceptual foundations upon which one 
might base a domestic climate policy for the United States and to attempt to determine whether a 
near-term emissions target can indeed be derived from structured decisionmaking. 

Conceptual Approaches 

There are two approaches one can take in the development of a near-term policy when 
specifying an initial greenhouse gas emissions target and a path of future reductions. The first of 
these approaches is standard cost-benefit analysis as employed in federal environmental 
policymaking.6 Cost-benefit analysis is the explicit balancing of the costs of a policy against its 
benefits. It is through this explicit balancing that cost-benefit analysis is able to provide both a 
greenhouse gas goal and a mechanism by which to choose among approaches to attain the goal. 

In contrast to cost-benefit analysis, cost-effectiveness analysis takes the goal as given and 
focuses on the least-cost mitigation strategy. The balancing of costs and benefits takes place in a 
prior political setting where decisionmakers choose the goal and employ cost-effectiveness 
analysis to develop a policy to meet the goal.7 While cost-effectiveness analysis takes the goal as 
given, such analysis is relevant to our current problem of setting a near-term greenhouse gas 
target since a near-term target can be derived from a given long-term goal such as a greenhouse 
gas concentration level. 

Cost-Effectiveness Analysis 

Article 2 of the Framework Convention suggests the use of cost-effectiveness analysis. 
The Article provides a target, albeit a vague one, and states the time frame over which the target 
is achieved should mitigate the impact the reductions in emissions would have on global 
economies, suggesting emissions mitigation policies that are economically efficient, that is,  
cost-effective. 

One can establish a near-term greenhouse gas emissions target for the United States using 
the guidance provided by the Framework Convention. Such a process would involve the 

                                                 
6 Pros and cons of cost-benefit analysis as a decisionmaking tool for the development of public policy are discussed 
in Kopp, Krupnick, and Toman (Kopp, Krupnick, and Toman 1997). 
7 One can imagine an iterative process where the target is set politically and the costs then assessed using formal 
cost-effectiveness analysis. Once the costs are known, the political process reassesses the target. 
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following steps. First, one must translate the vague notion of a greenhouse gas concentration 
level that would “prevent dangerous anthropogenic interference with the climate system” into a 
numeric concentration that would be achieved at some point in the future.8 A defined 
concentration level defines a “carbon budget,” that is, the total amount of carbon that may be 
emitted into the atmosphere consistent with the desired concentration target.  

The next step is to determine the optimal allocation of that carbon budget over time. One 
can examine a range of alternative intertemporal global emission paths capable of achieving the 
desired concentration level. Each of these paths is subjected to an economic analysis that 
determines which path reaches the target at least cost. Once the least-cost path is known, we have 
defined the temporal path of global emissions (or emissions reductions) that is consistent with 
achieving the target at least cost. 

The annual emissions targets derived from the least-cost path are global. In other words, 
they are aggregate targets for the world as a whole. To know the target that pertains to the United 
States, the aggregate global emissions must be divided among all emissions sources (countries). 
Some speak of this allocation of emissions as “burden sharing,” but this is not correct. Burden 
sharing relates to the distribution of control costs, however, the distribution of control costs does 
not necessarily coincide with the distribution of emissions. That is, a country or region bearing 
the greatest financial burden may emit relatively large amounts of greenhouse gases but pay for 
greenhouse gas control in other countries where the cost of control is cheaper. Burden sharing 
can be thought of as the allocation of emission “rights” while the actual pattern of emissions will 
likely be determined by the economics of control cost. 

A small literature has developed that attempts to perform the burden sharing allocation 
under an “equity-fairness” paradigm. 9 The dominant equity-fairness approach is based on an 
equilibrium condition where carbon emissions per capita are equilibrated across all countries at 
some point in time. This approach is known as “contraction and convergence”—implying 
contraction of emissions over time, converging to equal per capita shares at some point in the 
future. This approach clearly has notions of fairness attached, but is viewed by some as 
unrealistic since it does not match the benefits of a mitigation program with the costs incurred for 

                                                 
8 Page 9 UN (1992). 
9 Some of the very difficult international policy issues involved in burden sharing are addressed in the recent book 
by Scott Barrett (Barrett 2003). 
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a particular country. Moreover, the literature remains relatively silent with respect to the speed 
with which per capita carbon emissions should approach the desired equilibrium condition. 

Unfortunately, as noted above burden sharing provides little or no information regarding 
the ultimate distribution of emissions. Thus, even if one were to accept contraction and 
convergence does not help us determine the paths of the U.S. emissions consistent with a 
stabilization goal. Given the global cost of achieving a stabilization target, one can imagine that 
the world will seek to attain this goal at least cost. This implies that the greatest carbon 
reductions will take place in those portions of the world where they are least costly. Therefore, to 
determine the path of U.S. emissions consistent with a particular stabilization target one must 
allocate the global emissions to countries on the basis of the cost of control within each country. 

Cost-Benefit Analysis 

Cost-benefit analysis is a flexible and powerful tool that can be used to both set emissions 
reduction goals as well as evaluate the economic efficiency of alternative means of attaining 
those goals. In its simplest form the application of cost-benefit analysis to the problem of climate 
policy formulation has two components. The first component involves an analysis of the cost of 
greenhouse gas emissions reductions, while the second component pertains to a similar analysis 
that quantifies in dollar terms the damage to the climate system caused by accumulating 
greenhouse gases.  

Cost-benefit analysis can be explained with the aid of Figure 1 where the dollars of cost 
and benefit of greenhouse gas emissions reductions are measured on the vertical axis and the 
tons of reduced emissions on the horizontal. Generally speaking, the cost of the first few tons of 
reduction (on a per ton basis) is low, but then rises as the volume of reductions grows. The task 
facing the cost-benefit analyst is to move along the cost of emissions reduction curve to the point 
where the cost of an additional ton of greenhouse gas reduction is exactly equal to the dollar 
amount of the damage (the measure of benefits) that additional ton would cause to the climate 
system. At this point the marginal cost of reducing greenhouse gas emissions is exactly equal to 
the marginal benefit (in terms of reduced damage to the climate system) of reducing those 
emissions and thus defines the optimal emissions reduction target. 
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Figure 1: Cost-Benefit Analysis of Greenhouse Gas Control 
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The use of cost-benefit analysis in the development of climate policy is complicated by 
the very long-run nature of the problem and the policy actions required (extending 50 to 100 
years). Over this time frame we expect new information on both costs and benefits to be made 
available to decisionmakers leading to reevaluations of both long-term and short-run emissions 
reduction goals. 

Implementation 

A Near-Term Target Using Cost-Effectiveness Analysis 

As described above, using cost-effectiveness analysis to determine a near-term carbon 
reduction target for the United States begins with the numerical quantification of the desired 
concentration limit. Unfortunately, no body of scientific information exists that permits us to 
assign a numeric greenhouse gas atmospheric concentration to the goals articulated in Article 2 
of the Framework Convention. 
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That is not to say no opinion exists regarding concentration levels. Current CO2 
concentrations are believed to be in the range of 375 ppm, in contrast to preindustrial 
concentrations of 280 ppm. Many in the environmental community argue strongly for a global 
target not exceeding 450 ppm. However, greenhouse gas concentrations in the neighborhood of 
500-550 ppm (representing about a doubling of preindustrial concentrations) have been used in 
many climate policy scenario analyses, including the “Mitigation” volume of the Third 
Assessment Report produced by the Intergovernmental Panel on Climate Change (2001)10, and 
continue to be the dominant concentration used for scenario analysis.11 Lacking any firmer basis 
for the choice of concentration, the analysis contained in this paper utilizes a 550 ppm global 
long-term stabilization target.12  

There have been several modeling exercises over the past few years designed to produce 
intertemporal regional and global greenhouse gas emissions paths consistent with stabilization at 
550 ppm. Many of these analyses have been reported in the IPCC Third Assessment Report and 
three more are available in a special issue of the Energy Journal published in 1999. For our 
purposes, only those analyses conducted with the goal of modeling “optimal” emissions paths, 
that is, emissions paths that achieve the 550 ppm and concentration at least cost, are relevant. 

Perhaps the most often cited modeling results yielding optimal emissions paths are those 
produced by the MERGE model authored by Alan Manne and Richard Richels (1995, 1999). The 
results contained in Manne and Richels (1999) describe a global emissions path that rises to 
approximately 10 gigatons of carbon by the year 2030, remains relatively flat from 2030 to 2050, 
and then declines.  

As will become evident, the precise volume of peak global emissions—approximately 10 
gigatons in the case of Manne and Richels (1999)—is not as important as the time frame in 
which the emissions need to peak to hit the 550 ppm target.13 It is comforting to note that the 

                                                 
10 The IPCC caveats its use of 550 ppm with the following footnote, “the selection of 550 ppm scenarios is based on 
the relatively large number of available studies that use this level and does not imply any endorsement of this 
particular level of CO2 concentration stabilization.” Page 117, Volume III. 
11 See for example Pacala and Socolow 2004. 
12 The cost-effectiveness analysis described below may be repeated using any desired concentration level. Lower 
concentration levels would give rise to more aggressive near-term carbon dioxide reduction targets. 
13 As a point of reference, global emissions peak at slightly less that 10 gigatons at 2050 in Tol (1999) and rise to 
just over 12 gigatons in 2050 in Peck and Teisberg (1999). 

7 



Resources for the Future Kopp 

other two models analyzing a 550 ppm stabilization scenario in the Energy Journal special issue 
(Peck and Teisberg 1999,Tol 1999) depict emission peaks in 2030–2040 time frame as well. 

Generally speaking, all three models depict an emissions stabilization path requiring 
relatively small deviations from global business as usual (BAU) until 2020. Up to this point 
reductions from BAU emissions on the order of 2% or 4% annually are sufficient to remain on 
the path. In the Manne and Richels (1999) analysis required reductions grow beyond 2020 and 
by 2050 require significant reductions of 30% or more from BAU. 

It is important to recognize that the precise character of the optimal emissions path 
leading to a 550 ppm stabilization is model dependent. Other models, even those constructed 
along the same analytical lines as MERGE, may yield different results, suggesting more or less 
aggressive near-term carbon reduction goals in order to meet a 550 ppm concentration target. 
However, there is a consensus among models generating economically efficient optimal 
emissions paths leading to stabilization goals. Results from these models generally suggest small 
emissions reductions in the early years and increasingly larger reductions in the later years.  

Given a global emissions path, our next task is to develop a comparable path for the 
United States. As suggested above all burden sharing schemes recognize that the item to be 
allocated is in some sense simply allowable emissions of greenhouse gases—not the actual 
emissions. Actual emissions will take place in those countries where the cost of mitigation is the 
highest and these countries will in one way or another “purchase” allowable emissions from 
countries where the cost of mitigation is low. Therefore, even if we employed a contraction-and-
convergence approach to determine allowable U.S. emissions, it would not specify actual 
emissions and therefore not be of great value in attempting to set near-term targets. 

Since the United States is the single largest emitter of greenhouse gases and will likely 
remain so for quite some time, a reasonable simplifying assumption would be to presuppose that 
the pattern of annual U.S. emissions will follow the general shape of the global 550 ppm 
emissions stabilization path. Under this assumption required reductions in U.S. emissions will be 
small in the early years from 2000 to 2020, but will become significantly larger in the 2020 to 
2050 time period and beyond. 

Table 1 summarizes the time path of emissions for the next century under a 550 ppm 
stabilization scenario. The first row represents historical and forecasted global emissions of 
carbon under BAU conditions, while the second row describes carbon emissions under the 550 
ppm stabilization. Data for both of these rows is derived from Manne and Richels (1999). The 
third row depicts BAU emissions for the United States. Data from 1990–2050 is drawn from the 
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2004 International Energy Outlook.14 The fourth row depicts a U.S. 550 stabilization path where 
the U.S. fraction of global emissions is constant (at about 22%) over the next century. The fifth 
row is the reduction in U.S. emissions (in millions of tons) between BAU and the 550 path, while 
the final row is the percent difference in U.S. emissions between BAU and the 550 path.15 

 
Table 1: Emissions Paths for 550 PPM Stabilization (million metric tons of carbon) 

 
 1990 2000 2010 2020 2030 2040 2050 2075 2100
    
Global BAU 6,024 7,092 8,493 10,138 11,589 12,716 14,051 17,267 19,364
Global 550 6,024 7,092 8,323 9,730 10,520 10,743 10,539 5,931 3,758
US BAU 1,337 1,578 1,789 2,055 2,361 2,713 3,117 3,581 4,115
US 550 1,337 1,578 1,753 1,972 2,143 2,292 2,338 1,305 827
Reductions 0 0 36 83 218 421 779 2,276 3,288
% Difference 0% 0% 2% 4% 10% 18% 33% 174% 398%
 

A pictorial representation of the data contained in Table 1 is provided in Figure 2. The 
rising global BAU path is contrasted with the rising and then falling global 550 stabilization path 
and the corresponding 550 U.S. path. 

                                                 
14 Emissions forecasts for the United States and the world are drawn from EIA (2004b). 
15 The emissions path depicted by the emissions in the 550 row of the table was chosen to match the shape of the 
MERGE model analysis contained in Table 9 of Manne and Richels (1999). 
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Figure 2: BAU and 550 ppm Concentration Stabilization Emissions Paths 
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Context with which to assess the 550 emissions path portrayed in Table 1 and Figure 2 
may be gained by comparing the required emissions reductions to those of existing domestic 
proposals. The McCain-Lieberman Climate Stewardship Act of 2003 called for U.S. emissions to 
be capped at 2000 levels in 2010.16 If implemented this legislation would require reductions in 
the neighborhood of 800 million metric tons of CO2 in 2010 (equivalent to 220 million tons of 
carbon). Another point of comparison is the Bush administration plan for an 18% improvement 
in greenhouse gas intensity—the ratio of greenhouse gas emissions to economic output—
amounting to a 350 million metric ton reduction in CO2 by 2012 (equivalent to 95 million tons of 
carbon).17 The 550 ppm stabilization scenario requires relatively small reductions in 2010 on the 

                                                 
16 McCain-Lieberman excludes residential and agricultural sources of greenhouse gases, as well as any entity 
responsible for less than 10,000 metric tons of carbon dioxide per year or its equivalent. Given these exclusions, the 
proposed program still covers more than 70% of all U.S. carbon dioxide and industrial greenhouse gas emissions. 
17 Information on both the McCain-Lieberman Senate legislation and the Bush administration climate policy 
proposals may be found in Pizer and Kopp (2003). 
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order of 36 million tons of carbon—less than the Bush administration and considerably less than 
McCain-Lieberman. 

There is considerable uncertainty regarding the cost of greenhouse gas emissions 
reductions. However, the federal government has produced reports that can be used to assign 
“ballpark” estimates to the emissions reductions required under the 550 stabilization scenario 
presented in Table 1. In 1998 the Energy Information Agency (EIA) produced a report analyzing 
the cost of Kyoto compliance (EIA 1998). The cost estimates are summarized in Figure 3 
reproduced below. 

Information in that report suggests that the incremental cost of reducing carbon emissions 
by 100 million metric tons annually is on the order of $56 per ton (in 2003 dollars).18 Assuming 
linearity when scaled down to reductions less than 100 million metric tons, the cost of 550 ppm 
stabilization reductions in 2010 would be approximately $20 per metric ton of carbon. In the 
context of a cap-and-trade permit system operating in a manner consistent with the emissions 
paths of the 550 stabilization scenario, one would expect emissions prices to rise from 
approximately $20 in 2010 to $50 by 2020. 

It is important to recognize that the EIA cost estimates could be lower if carbon “offsets” 
were taken into account. These offsets might represent reductions in carbon emissions from 
“qualifying” projects undertaken outside U.S. borders or within the United States, but aimed at 
reducing greenhouse gases other than CO2, such as methane. 

If for political or other reasons one believed the United States must begin to reduce its 
absolute level of emissions before the 2030 to 2050 period suggested in Figure 2, the resulting 
emissions path would require more aggressive reductions in the early years from 2000 to 2025. 
Suppose the United States decided it would act ten years earlier than the rest of world and cause 
its emission of CO2 to peak in 2040. This would shift the Manne-Richels 550 scenario emission 
path in Figure 2 to the left. If we assumed that each year’s annual reductions were to come a 
decade earlier, the reductions in 2010 would be on the order of 83 million tons of carbon (300-
plus tons of CO2) at a cost of $50 per ton of carbon. If the United States accelerated its reduction 
schedule by two decades, the 2010 reductions would be on the order of 218 million tons of 
carbon at a cost of $120 per ton. 

                                                 
18 The original EIA estimate was $50 in $1996. I have used GDP price deflators to convert to $2003. These deflators 
are drawn from Table B-7 in the 2004 Economic Report of the President (CEA 2004). 
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The results of this simple cost-effectiveness analysis are dependent upon three uncertain 
pieces of information. The first piece is the stabilization target that we have taken to be 550 ppm. 
We have made no attempt to suggest that this target is the one most consistent with the goal 
articulated in Article 2 the Framework Convention. However, for a variety of reasons it has 
gained popularity as a scenario to be modeled and one to be used as the basis of discussion. 

The second piece of information is the result of the economic optimization model that 
specifies the least cost emissions path necessary to achieve the desired concentration target. 
Unfortunately, only a handful of models have been created that are capable of performing this 
type of analysis and each model operates under different assumptions. However, as noted above, 
three of these models—Manne and Richels (1999), Peck and Teisberg (1999) and Tol (1999)—
depict the same turning point for peak global emissions, and it is this turning point that matters 
most in setting the near-term target. The third uncertain future of this analysis is the largely ad 
hoc path of U.S. emissions over the next century. 

The last bit of uncertainty concerns U.S. actions. If the United States chooses to “cap” its 
emissions at the same time as the rest of the world (again under the Manne and Richels (1999) 
modeling scenario), our cost-effectiveness analysis suggests that near-term CO2 emissions 
reduction targets for the United States are less than those articulated by the Bush administration 
and Senators McCain and Lieberman. However, if the United States chooses to accelerate its 
reductions by 10 years (reaching an emissions peak in 2030) the near-term reductions are in line 
with the administration. A peak in 2020 yields reductions in line with McCain-Lieberman. 
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Figure 3: EIA Estimates of the Marginal Cost of Carbon Emissions Reduction19 

 

Cost-Benefit Analysis 

The second approach, cost-benefit analysis, begins with a clean slate. That is, it does not 
require the specification of a long-term concentration target. Rather, it seeks to establish the 
optimal amount of greenhouse gas emissions mitigation by balancing the cost of mitigation 
against its benefits. In simple terms one can think of a cost-benefit analysis as composed of two 
tasks. One quantifies in dollar terms the damage to the climate system brought forth by an 
incremental (additional ton) emission of greenhouse gas. This information is used to assess the 
“benefits” of emissions reductions by equating the value of the ton of emissions reductions to the 
dollar value of the avoided damage to the climate system. One then establishes the marginal cost 

                                                 
19 Figure 3 reproduced from EIA (1998). 
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of reducing greenhouse gas emissions, that is, the additional cost of reducing emissions by an 
additional ton. 

Integrated Assessment 

Integrated assessment models are capable of generating both marginal benefit and 
marginal cost schedules for greenhouse gas reductions. Given this ability, these models can 
identify optimal (economically efficient) concentrations of greenhouse gases as well as the 
economically efficient emissions paths leading to those concentrations. Obviously, the optimal 
concentrations produced by these models are dependent upon the characterization of benefits and 
costs contained within the models’ structures. 

One of the most well-known and widely used pair of integrated assessment models 
applied to the problem of global climate policy are the DICE (Nordhaus 1992, 1993, and 1994) 
and RICE (Nordhaus and Yang 1996) models produced by William Nordhaus and colleagues. 
These models capture in a consistent and integrated fashion both the cost of greenhouse gas 
control and the benefits that control confers on the climate system. The RICE model was run in a 
full optimization mode (i.e., undertaking a cost-benefit analysis) where a 100-year economically 
efficient emissions path was generated and used to analyze the economic efficiency of the Kyoto 
Protocol.20 

These RICE model “optimal” results describe an emissions path quite different from the 
550 ppm least cost path traced by the MERGE model. The RICE model’s optimal path lies only 
slightly below business as usual. While the 550-ppm MERGE model stabilization path leads to a 
global emissions peak at 10 gigatons of carbon by 2050, the RICE model results provide for 
emissions almost 50% higher at 14.9 gigatons by 2050. In addition, rather than falling from 2050 
to 2100 as suggested by the MERGE model results, emissions in the optimal RICE model 
scenario continue to rise to 20 gigatons by 2100 and concentrations approach 630 ppm. 

The RICE model optimal emissions path does reflect decreased greenhouse gas emissions 
in the near term, but reductions are considerably less than those required by the 550-ppm 
stabilization scenario. By way of comparison, the marginal cost of greenhouse gas control along 
the RICE model optimal emissions path is $4 per ton in 2010 rising to $15 per ton in 2050. In 

                                                 
20 See Nordhaus and Boyer (1999). 
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contrast, the 550-ppm scenario suggests a marginal cost of emission reduction in 2010 of 
approximately $20 per ton.21 

Since the RICE model is balancing marginal costs and marginal benefits along its optimal 
emissions path, the marginal cost of greenhouse gas control depicted by the model in 2010 also 
describes the model’s quantification of the economic benefits of greenhouse gas control, that is, 
in the neighborhood of $4 per ton. 

Benefit Estimation: Market Losses 

The emissions path identified by the RICE model (or any other integrated assessment 
model) depends to a great extent on the model’s characterization of the marginal benefits of 
greenhouse gas emissions control. Therefore, it is important to delve into the research 
underpinning these important benefit estimates. It is also important to recognize at the outset that 
considerable uncertainty exists with respect to these estimates. 

In a recent paper Robert Mendelsohn (Mendelsohn 2003) assembled several independent 
estimates of benefits. These estimates specified in terms of dollars per ton of carbon range from 
$7-$20 per ton over the next decade rising to $10-$30 per ton by 2030.22 Others have found the 
benefits of greenhouse gas control to be significantly greater than those in Mendelsohn’s paper. 
As reported by a recent study about the United Kingdom (Clarkson and Deyes 2002), the 
benefits of carbon abatement are in the neighborhood of $40 per ton. This estimate has its origins 
in an earlier study conducted for the European Union (Eyre et al. 1997) finding the benefits of 
carbon abatement to be approximately $20 per ton. While there are studies showing considerably 
greater benefits of greenhouse gas control, for example, the same UK government study where 
discount rates were lowered to 1% yielding benefits on the order of $100 per ton, the low 
discount rates used in such studies have been the subject of criticism (Pearce 2003). 

                                                 
21 All estimates are in 2003 dollars using the GDP deflator. 
22 According to Mendelsohn these estimates are drawn from the early research conducted prior to 1996. He states in 
his paper that more recent work has concluded the benefits of greenhouse gas control are far less than previously 
thought. Mendelsohn states, “these results imply that the social costs (benefits) of carbon are currently about $1-$2 
per ton. Although they will rise over time as carbon accumulates, there is every reason to expect that the social costs 
of carbon will remain below $10 per ton for the next 30 years.” However, few of these “new”studies have yet been 
published. 
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Gillingham, Newell, and Palmer (2004) recently analyzed eight studies dating from 1994 
to 1999 of the benefits of greenhouse gas emission reductions. 23 The authors conclude that 
current “central” estimates place the benefits between $25 and $30 per ton of carbon in 2003 
dollars, with an overall range of $17-$72. 

Given our current understanding of the science, if a consensus exists regarding the 
benefits of greenhouse gas control one would expect those estimates to fall in the range of $5-
$30 per ton over the next decade, rising thereafter. This range places the RICE model results at 
the extreme low end of the spectrum. 

Using estimates of the costs of greenhouse gas control provided by the Energy 
Information Agency, benefits in the range of $5-$30 per ton suggests near-term greenhouse 
reduction targets of 10 to 60 million tons of carbon per year (36-220 tons of CO2). The range of 
these estimates overlaps those produced by the previous cost-effectiveness analysis. 

Including Nonmarket Losses 

In a recent paper Manne and Richels (2004) employ their MERGE model in a cost-
benefit analysis of climate policy. Like RICE, MERGE is an integrated assessment model 
capable of balancing costs and benefits and deriving optimal emissions paths. However, unlike 
RICE, Manne and Richels have attempted to incorporate more information on the benefits side 
of the ledger. 

The new paper is an outgrowth of Manne (2004) that addresses some issues of global 
climate policy raised by the Copenhagen Consensus Project.24 In that paper Manne expressed his 
view that the range and character of the benefits of mitigating slow climate change were overly 
narrow and focused on “market losses” such as the avoidance of crop losses, forestry damage, 
shoreline erosion, and so on. Manne argued that there is good reason to believe that market 
losses are not the principal reason to be concerned over climate change. Rather, Manne stated, 
“The more worrisome issue is the type of damage for which there are no market values. The 
‘nonmarket damages’ include human health, species losses and catastrophic risks such as the 
shut-down of the thermohaline circulation in the Atlantic Ocean.” 

                                                 
23 See table 13 of Gillingham, Newell, and Palmer (2004). 
24 See http://www.copenhagenconsensus.com. 
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In his new paper with Richels, Manne modifies MERGE to include market and 
nonmarket benefits. As far as market damages are concerned, Manne and Richels assume  
that a doubling of CO2 concentrations (over preindustrial levels) would cause a global warming 
of 2.5º C and that this amount of temperature rise would lead to GDP losses of 0.25% in the high 
income nations and to losses of 0.50 % in the low-income nations. 

With respect to nonmarket losses, Manne and Richels assume they would increase 
quadratically with temperature—small losses for small changes in temperature, but increasingly 
larger losses for catastrophic changes. When combined with market losses, MERGE assumes 
that high-income countries would be willing to give up 2% of their GDP to avoid the loss. 
Manne and Richels state that 2% is the total GDP component that is currently devoted by the 
United States to all forms of environmental controls—on solids, liquids, and gases.25 To place 
this assumption in context recall that current U.S. GDP is about $11.5 trillion (BEA 2004). Two 
percent of GDP is $2,000 per U.S. household. The average U.S. household spends about $3,000 
per year on all forms of energy (EIA 2004a) and the median U.S. household income is $43,300 
(Census 2004).  

MERGE runs termed the “Pareto Optimal” path are based on the above benefits 
assumptions and an explicit balancing of costs and benefits. A sensitivity analysis is performed 
by assuming that instead of 2% of GDP high-income countries were willing to give up 4% of 
GDP to avoid a 2.5º C degree warming. The emissions path associated with these assumptions is 
termed “High WTP” (willingness to pay). Figure 4 is reproduced from Manne and Richels 2004. 

                                                 
25 In low-income countries with a per capita income of $25,000, a region would be willing to spend 1% of its GDP 
to avoid a global temperature rise of 2.5º. At $50,000 or above, the same region would be willing to pay 2%, and at 
$5,000 or below, willingness to pay decreases to virtually nothing.  
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Figure 4: MERGE Emissions Paths with Market and Nonmarket Benefits
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Unfortunately, the Manne and Richels 1999 results are not fully comparable to the 2004 
results due to differences in the reference scenario (specifically, the use of updated data on global 
emissions in the 2004 paper). That said, the shape of the pareto optimal path of the 2004 paper is 
very similar to the 550 ppm path of the authors’ 1999 paper. This is particularly true of the early 
portion of the path from 2000 to 2040, the point at which global carbon emissions peak. The 
Pareto Optimal path calls for global emissions reductions from the reference case of 2% in 2010, 
3% in 2020, and 7% in 2030. If these same percentages were applied to the U.S. BAU scenario 
they would suggest 30, 60, and 140 million tons of carbon trimmed from BAU in 2010, 2020, 
and 2030 respectively—very similar to the 550 stabilization path. 

If nonmarket benefits approached the Manne and Richels “High WTP” levels, the 
economically efficient global emissions path would peak 20 years earlier (2020) and represent 
considerably more aggressive reductions in emissions than the 550 ppm stabilization path. 

Negelected Nonuse Value 

To the best of my knowledge, until the recent Manne-Richels paper all studies attempting 
to quantify or employ in their analysis the benefits of reduced greenhouse gas emissions have 
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focused on what economists refer to as “use value.” Use value in the context of global climate 
change refers to all commercial and physical property losses due to an altered climate (market 
losses), plus losses to “nonmarket” goods such as recreational opportunities and other quality of 
life attributes. However, the proper measure of benefits should include “total value” which is 
composed of both use value and “nonuse value.”26  

Nonuse value (sometimes referred to as existence value) is attached to those features of 
natural systems that are valued by humans, but are not directly used by humans. For example, the 
value societies place on the protection of endangered species, even though most members of the 
society have never come in contact with such species, is an example of nonuse value. The desire 
to be good stewards and to pass natural systems on for the enjoyment of future generations 
(termed bequest value) is also a component of nonuse value.  

Techniques for the measurement of total value in the context of the protection of the 
global climate system are available and such studies have been suggested by Kopp and Portney 
(1999), among others. In principle, the existing use value studies would place a floor under the 
benefits estimated using a total value framework. It is difficult to speculate regarding the size of 
the additional benefits that would be associated with the nonuse component of global climate 
change protection without conducting such a study. 

Since Manne and Richels specify nonmarket losses in a very general manner it might be 
argued that the Pareto Optimal and High WTP scenarios employed in the MERGE model capture 
use and nonuse value and thus measure the total benefits of mitigating climate change. Absent 
nonuse value studies, the question of whether 2-4% of GDP is regarded as likely willingness to 
pay on the part of rich nations to mitigate climate change is a matter of opinion. Given the 
current science and public attitudes, it is my opinion this represents an upper bound. 

Caveats 

Both cost-effectiveness analysis and cost-benefit analysis have been employed in this 
paper to produce near-term CO2 abatement targets for the United States. Generally speaking, 
those targets are less aggressive than those of the Kyoto Protocol, the McCain-Lieberman 
Climate Stewardship Act of 2003, and the “intensity” targets of the Bush administration goals. 

                                                 
26See Kopp (1992) for a discussion of total value in the context of benefit-cost analysis. Also see Kopp, Krupnick 
and Toman (1997) 
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However, modeling assumptions that lead to larger marginal benefits of greenhouse gas control, 
e.g., Manne and Richels (2004) or require the United States to act more quickly to reduce 
emissions will yield targets more in line with McCain-Lieberman. 

There are two broad caveats that must be associated with the analysis provided in this 
paper. The first concerns the magnitude of the targets produced by the two methods. The 
magnitude is related to the assumptions, models, and literature chosen for the analysis. Using  
the same analytical approaches, that is, cost-effectiveness analysis and cost-benefit analysis,  
the choice of different assumptions, models, and bodies of literature can give rise to different 
near-term targets. This fact does not represent an indictment of structured decisionmaking, but 
rather, underscores the inherent economic and scientific uncertainty in  
the analysis. 

The second caveat is perhaps more important. The structure for decisionmaking provided 
for in the two approaches is silent regarding the transition from near-term to middle-term targets. 
While it is possible to trace out economically efficient emissions paths, in the manner of the 
MERGE model, in the real world it is difficult to know what near-term target best positions the 
U.S. social/political/economic system to reach the midterm and long-term goals. As many now 
recognize, stabilization of greenhouse gases at any concentration level requires zero net 
emissions in the future. That requirement translates to a global energy system that is largely 
devoid of carbon emissions (either through carbon capture and sequestration or fully noncarbon 
energy technologies). Perhaps the most important policy implication of the near-term carbon 
target is its ability to incentivize the U.S. economic system to undertake the massive investments 
in research and development necessary to produce the energy system of the future. 

The important point regarding the targets developed in this paper is not the quantity of 
emissions reductions they call for over the next decade, but rather, is the incentive properties 
they provide for future action. The global climate system would likely be no worse off if U.S. 
climate policy provided for few if any emission reductions in the near-term as long as policies 
necessary to generate the R&D and investment paths required by the new energy technologies 
were in place. Unfortunately, we do not know if the near-term targets suggested in this paper will 
provide the necessary incentives for action. 
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Executive Summary 
 
The challenge of developing policy for the mitigation of greenhouse gas (GHG) 
emissions arises from several different factors. In particular, GHG mitigation is a long-
term task and sustaining policy over a long time can be difficult. Next, the cost benefit of 
GHG mitigation is not consistent with the preferred policy approach of delivering 
immediate benefit, with costs deferred to a later time. GHG mitigation is in many ways 
like buying insurance for future generations. Further, the total cost of mitigation appears 
to be very large, primarily because the scale of the systems that need to be changed is 
massive. Finally, the United States is currently the largest national emitter of carbon 
dioxide. There is a real question of how the U.S. should view itself within the context of 
this global challenge, particularly in light of the growing emissions from the developing 
world. 
 
The idea of a “carbon shadow” is a new concept that might help policy makers as they 
wrestle with the important issues outlined above. The key idea that underlies the concept 
is that the current capital stock of fossil fuel generating and consuming technology will 
continue to produce carbon emissions until they are retired. The properties of existing 
capital stock limit the policy options available, because the premature retirement of 
capital stock is one of the most important costs in an aggressive GHG mitigation strategy.  
The rate at which capital stock produces GHG emissions is a property of the technology 
itself, reflected in the efficiency of a fossil-fired fuel plant or of a motor vehicle. 
Therefore if one understands how long the technology will be in use it is possible to 
calculate how much carbon dioxide will be emitted by an individual plant or vehicle.  
 
In order to demonstrate the power of this approach we have conducted an analysis of the 
carbon shadows for existing U.S. electricity and transportation capital stock. For 
reference:  
 

• Electricity generation accounted for 39% of 2001 U.S. carbon emissions 
• Highway transportation (cars and trucks) accounted for 23% of 2001 U.S. carbon 

emissions 
 
Together, these two capital stocks represent 62% of U.S. emissions, about 15% of global 
carbon emissions in 2001. 
 
The analysis does several things: 
 

1. It examines the ways in which one might determine the lifetime of a particular 
piece of technology, drawing a distinction between approaches based on the 
capital cycle and actual retirement data.  
 

2. It focuses on the use of a retirement model based on historical data and describes 
retirement rates for U.S. electricity generation and transportation capital based on 
these data. These retirement rates are then used to derive the carbon shadows for 



 

 4 

the technologies based on their inferred retirement rate. 
 

3. It then describes how the desire for stabilizing carbon dioxide concentrations at a 
particular level leads, because of the nature of the carbon cycle, to a global budget 
for carbon dioxide emissions. 
 

4. The carbon budget is then used to calculate  “carbon shadow indices” for existing 
U.S. capital stock in the electricity generating and ground transportation sectors, 
which reflect the fraction of the global carbon budget (550 ppmv stabilization) 
that will be consumed by this capital stock over the next 50 and 100 years. These 
indices give insight into if and when premature retirement of capital stock might 
be required to meet emission targets. 
 

5. The analysis of the electricity generation and ground transportation sectors were 
then used to generalize the carbon shadows for the entire U.S. economy. 

 
6. Finally, the analysis is extended to show how various factors such as carbon cycle 

uncertainties, choice of stabilization level, and specific technology characteristics 
affect the basic results.  

 
The results of these analyses provide an interesting perspective on current emissions. 
Figure ES1 shows the carbon shadow of currently existing U.S. electricity generating 
capital stock. The total projected emissions, based on the retirement model, exceeds 25 
gigatons of carbon over the next 100 years and is dominated by coal-fired steam turbines. 
Note that almost 20% of these emissions come after 2050, showing the potential impact 
of continuing historical retirement practices into the future. 
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Figure ES1. Cumulative emissions (GtC) from electricity capacity technologies operating as of 
2001 through 2100. 
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There is a contrast with the vehicle sector (Figure ES2) where most of the emissions that 
make up the carbon shadow come in the first 25 years of the century. Yet even with the 
shorter lifetime of vehicle stock the current U.S. vehicle fleet is projected to emit more 
than 4 gigatons of carbon. The bulk of the carbon shadow is equally divided among 
passenger vehicles, light duty trucks (including SUVs) and heavy-duty trucks. 
 
 

 
 
Figure ES 2. Cumulative emissions from current (2001) capital stock in vehicle capital stock 
through 2100. 
 
Having analyzed electricity generation and ground transportation in detail, we have used 
those results to generalize the results to determine the carbon shadows for the entire U.S. 
capital stock. These results for the two analyzed sectors and the generalization to the rest 
of the U.S. capital stock are summarized in Table ES1. The definition of the carbon 
shadow as shown here is the amount of carbon that will be emitted by sector over the 
period from the present to dates indicated (2050 and 2100). 
 
 
Sector Carbon Shadow 2050 (GtC) Carbon Shadow 2100 (GtC) 
   
Electricity Generation 22.3 26.8 
Ground Transportation 4.2 4.3 
Other 13.4 16.1 
   
Total Carbon Shadows 39.9 47.2 
 
Table ES1. Total carbon shadows for the United States capital stock to 2050 and 2100 
respectively. 
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Putting these carbon shadows in perspective requires the calculation of a budget for 
global carbon emissions under the constraint of some stabilization level. The level of 550 
ppmv has been chosen as a reference case. The budget was calculated under some key 
assumptions. First, it used a reduced form carbon cycle model that has fairly standard 
assumptions about how the natural carbon cycle operates. Second stabilization was 
constrained to be completed by 2150 and the carbon reductions profile was constrained 
by a cost minimization approach of the type used by Wigley, Richels and Edmonds. 
Finally the base case for global emissions was a variant of the IPCC B2, scenario a 
moderate economic and population growth scenario. The resulting global carbon budgets 
are 460 GtC and 870 GtC to 2050 and 2100, respectively.  
 
 2001 

emissions 
2050 2100 

Emissions from Electricity Generation 
Capacity 

0.6 GtC 22.0 GtC 
4.8% 

26.8 GtC 
3.1% 

Emissions from Ground Transportation 0.36 GtC 4.2 GtC 
0.9% 

4.3 GtC 
0.5% 

Emissions from other sources 0.6 GtC 13.4 GtC 
2.9% 

16.1 GtC 
1.9% 

Shadow in GtC 
As % of Global Carbon Budget  39.9 GtC  

8.7% 
47.2 GtC 

5.4% 

Table ES2. Global carbon budgets and their relationship to the carbon shadows of existing U.S. 
capital stock. The percentages of the global budgets are calculated on the basis a budget of 460 
GtC to 2050 and 870 GtC to 2100. 
 
The results are striking. The current U.S. capital stock in electricity generation alone is 
projected to consume 4.2% of the entire global carbon budget (550 stabilization) for the 
next 50 years and 3.1% of the 100-year budget. Currently installed coal fired steam 
turbines account for most of the carbon shadow of U.S. emissions, and are projected to 
consume 4.1% of the entire global carbon budget over the next 50 years and 2.6% over 
the next 100. 
 
The situation is even more interesting when one considers what the situation will be in 
2020, if the U.S. continues on a more or less “business as usual” path of the use of fossil 
fuels resources. A simple analysis suggests that by 2020 the combination of emissions 
from 2000 to 2020 with the carbon shadows of the capital stock existing in 2020 will lead 
to the U.S. having used or committed to use, 63.9 and 80.1 GtC, of the global carbon 
budget to 2050 and 2100, respectively. This corresponds to 13.9% and 9.2% of the global 
carbon budget (550 ppmv stabilization target), even if no further capital equipment 
utilizing fossil fuels were introduced into the U.S. economy after 2020. 
 
 It is useful to put the U.S. situation in a more specific context, by trying to estimate what 
might be an “appropriate” U.S. share of global emissions. We have taken five different 
approaches to such an estimate, which can be summarized as follows: 
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1. The U.S. share for the 21st century is based on maintaining an average emission of 

some benchmark year.  
 

2. Estimating the U.S. share by claiming that the share of emissions in a given year 
would be the share in perpetuity of the global budget.  

 
3. Indexing emissions to GDP and extrapolating the likely share of U.S. share of 

global GDP over the 21st century.  
 

4. Using the current administration’s goal of reducing carbon intensity by 18% per 
decade.  
 

5. Having the relative shares of carbon emissions trend to a per capita distribution of 
shares by 2100.  

 
Table ES3 summarizes these possible U.S. carbon budgets and provides a comparison 
with the various possible U.S. shares of the carbon budget noted above. 



 

 8 

 

Basis of 
allocation  

U.S. Budget 
to 2050 

(GtC) with % 
of Global 
Budget 

U.S. Carbon 
shadow to 

2050 as a % 
of budget 

(550) 

U.S. Budget 
to 2100 

(GtC) with % 
of Global 
Budget 

U.S. Carbon 
shadow to 

2100 as a % 
of budget 

(550) 
Base 
Year 
1990 

66 
14.3% 60.5% 132 

15.2% 35.8% Maintain 
average 

emissions Base 
Year 
2001 

78 
17.0% 51.2% 156 

17.9% 30.3% 

Base 
Year 
1990 

99 
21.5% 40.3% 187 

21.5% 25.2% Maintain share 
of global 
emissions Base 

Year 
2001 

108 
23.5% 36.9% 205 

23.6% 23.0% 

Share based on 
relative share of 

the global 
economy 

 126 
27.4% 31.7% 213 

24.5% 22.2% 

18% per decade 
reduction in 

carbon intensity 
 76-117 

16.5-25.4% 52.5-34.1% 122-182 
14.0-20.9% 38.7-25.9% 

Trend to share 
based on 
relative 

population in 
2100 

 87 
18.9% 45.9% 124 

14.3% 38.1% 

Table ES3. United States carbon budgets to 2050 and 2100 under the various assumptions 
described in the text. For perspective the U.S. budgets are also shown as a percentage of the 
global carbon budgets to 2050 and 2100, 460 and 870 GtC (550 stabilization) respectively. Also 
shown is the carbon shadow for the entire U.S. economy as a percentage of the U.S. budgets. 
 
The various means of estimating U.S. shares give a wide range of possible U.S. budgets, 
yet the results are striking in any context. They suggest that existing capital stock has 
committed the U.S.  to the use of 30-60% of a reasonable estimate of the allowance for a 
550 ppmv stabilization to 2050 and 22-38% of the those allowances for the century. This 
analysis is extended in the main text of the report and further suggests that, if the U.S. 
continues a “business as usual” use of fossil fuels as described above, by 2020 it will 
have either consumed, or committed to consume (as carbon shadow) 50-95% of its share 
to 2050 and 35-65% of its share for the century.  
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Clearly if the U.S. continues on something that resembles its current emissions pathway, 
by 2020 it will be faced with the prospect of prematurely retiring some of its capital stock 
under some of these budget scenarios. 
 
All analyses like the ones described above are subject to uncertainties and are sensitive to 
underlying assumptions. While other sensitivities and uncertainties need to be addressed, 
two deserve special mention because they have important policy implications. They are 
uncertainty in our understanding of the carbon cycle and sensitivity to the selection of a 
carbon stabilization goal. The calculation of a carbon budget helps put the carbon 
shadows in context. However our knowledge of the global carbon cycle is not perfect and 
one uncertainty in particular has a major impact on the stabilization budgets. This is the 
value for the long-term uptake of carbon dioxide by the oceans and terrestrial ecosystems. 
Similarly, while a reference analysis was done using a concentration of 550 ppmv for a 
CO2 stabilization goal, this is not the only choice. 550 ppmv is a frequently used target 
value, simply because it represents a doubling of the pre-industrial concentration of 
carbon dioxide. Performing the analysis for other concentration targets, 450 and 650 
ppmv shows the sensitivity of the results to the stabilization policy.  
 
Table ES4 summarizes the impact of the carbon cycle and uncertainty and the 
stabilization level policy choice. The reference case is the amount of carbon that would 
be emitted under the base assumptions noted above, an IPCC B2-like scenario. Several 
points are worth noting. First, that for the 650 ppmv target, major reductions are not 
required until the second half of the century. For 450 ppmv stabilization there are not 
only severe reductions in allowable emissions in the next 50 years, the emissions allowed 
in the second half of the century are less than 200 gigatons. Next, it is important to note 
the impact of the uncertainty in the carbon cycle shown in the uncertainty range. While 
the large range of uncertainty is interesting, the policy ramifications of reducing the 
possibility of very much lower than expected budgets due to lower uptake of carbon 
dioxide is evident. The reduction of budgets would 10-20% through 2050 and 20-40% 
through 2100, which make them both much tougher targets. 
 

 Stabilization 
at 650 ppmv 

Stabilization 
at 550 ppmv 

Stabilization 
at 450 ppmv 

Reference 
case 

Global carbon 
budget to 2050 

(GtC) 
505 460 373 500 

Uncertainty range 
(GtC) 451 – 515 423 – 463 311 – 397  

Global carbon 
budget to 2100 

(GtC) 
1089 870 579 1345 

Uncertainty range 
(GtC) 815 -1 176 663 – 973 331 - 655  

Table ES4. The global carbon budget, assumptions and uncertainties. 
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When we begin to compare the global budgets above to the U.S. carbon shadows and the 
analysis of U.S. likely future emissions, several key points emerge. As can be seen in 
Table ES5, current shares and likely near term emissions have greatest impact for 
concentration goals lower than 550 ppmv. Further, the impact is not linear, but skewed 
and 450 ppmv is far harder to reach relative to 550 ppmv than 550 ppmv is relative to 650 
ppmv. It is important to note that for the lower target (450 ppmv), existing capital stock 
makes a significant impact even in the second half of the century. 
 

  To 2050 To 2100 
Total U.S. Carbon Shadow in GtC  39.9 GtC 47.2 GtC 

      
As % of Global Carbon Budget    Range  Range 

for 450 ppmv  10.7% 10.1-12.8% 8.2% 7.2-14.2% 
for 550 ppmv  8.7% 8.6-9.4% 5.4% 4.8-7.1% 
for 650 ppmv  7.9% 7.7-8.8% 4.3% 4.0-5.8% 

Table ES5. The U.S. carbon shadows to 2050 and 2100 shown as a percentage of the 
corresponding global carbon budgets. 
 
Finally, when we look at how current capital stock and near term emissions might impact 
the U.S. share of the budget, the difficulty with trying to meet lower targets is even more 
obvious. This is highlighted by looking at Table ES6, which looks at the impact U.S. near 
term emissions and likely future carbon shadows have on U.S. shares of the global carbon 
budget in 2020. 
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 U.S. share of total global 

budget (percentage of 
global budget) 

U.S. budgets and carbon shadow as 
a percentage of the budget to 2050 

Assumptions about 
U.S. share of global 
carbon budget 

 450 550 650 

Maintain share (2001) 23.5% 88 108 119 
  72.9% 59.1% 53.8% 
Maintain % of Global 
Economy 27.4% 102 126 138 

  62.5% 50.7% 46.2% 
Population Based 18.9% 70 87 95 
  90.6% 73.5% 66.9% 
  

 
 

U.S. budgets and carbon shadow as 
a percentage of the budget to 2100 

  450 550 650 
Maintain share (2001) 23.5% 136 204 256 
  58.9% 39.2% 31.3% 
Maintain % of Global 
Economy 24.5% 142 213 267 

  56.5% 37.6% 30.0% 
Population Based 14.3% 83 124 156 
  96.7% 64.4% 51.4% 
Table ES6. The consumption of and committed consumption (carbon shadow) of the U.S. share of 
the global carbon budget in 2020 under a range of target concentrations and for three U.S. 
policy options that are referenced to the emissions in the rest of the world and a continuation of 
business as usual use of fossil fuels by the U.S.  
 
The results of these analyses lead to the following conclusion and observations: 
 

• The concept of a global carbon budget associated with particular stabilization 
levels for atmospheric carbon dioxide is a useful method for putting future 
emissions in context.  
 

• For the globe global carbon budgets to 2100 range from 579 GtC for 450 ppmv 
target to 1089 GtC for a 650 ppmv target. The uncertainties in these budgets due 
to knowledge of the carbon cycle are only 10-15% for the next 50 years and climb 
to 20-25% for the century  

 
• It is possible to analyze the U.S. capital stock in transportation and electricity 

generation and estimate future emissions from these existing sources by 
estimating future retirement rates based on past experience. It is also possible to 
generalize the results for these two sectors to the entire U.S. capital stock.  This 
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analysis suggests that current capital stock will release approximately 39.9 GtC 
over the next 50 years and 47.2 GtC over the next century. 
 

• An analysis of possible future emissions by the U.S. suggest that by 2020, on a 
business as usual trajectory, the U.S. will have consumed or committed to 
consume 63.9 and 80.1 GtC of the global budgets to 2050 and 2100 respectively. 
 

• Based on an analysis of a wide variety of possible U.S. shares of global carbon 
budgets of between 14% and 28% of global emissions, we find that existing 
capital stock has committed the U.S.  to the use of 30-60% of its possible 
allowance for a 550 ppmv stabilization to 2050 and 22-38% of the possible 
allowance for the century. If the U.S. continues a “business as usual” use of fossil 
by 2020 it will have either consumed, or committed to consume (carbon shadow) 
50-95% of its share to 2050 and 35-65% of its share for the century. 
 

• The impact of current U.S. capital stock on global carbon budgets, and the 
corresponding U.S. share of that budget, is greatest for lower desired carbon 
dioxide concentrations. Under some scenarios for these low concentrations 
targets, current capital stock has consumed a higher fraction of the 100 year 
budget than of the 50 year budget, suggesting future pressure for premature 
retirement of capital stock. 
 

By 2020 the U.S. may be in a position that it has little if any option to create new capital 
stock that freely vents carbon dioxide to the atmosphere if a global goal of 450 ppmv is to 
be achieved. Further even if the concentration goals are higher there will be severe 
constraints on deploying such resources as well.
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1. Introduction and Background 
 
Developing policy for the mitigation of greenhouse gas (GHG) emissions is a major 
challenge. The challenge arises from several perspectives.  
 

First, GHG mitigation is a long-term task. Whatever policy, or succession of 
policies are developed, they must be sustained over the period of time necessary 
to stabilize greenhouse gas concentrations. All analyses suggest that the time 
period is at least a century.   

 
Second, every policy has both benefits and costs. Problematically, the cost benefit 
profile of GHG mitigation is contrary to the preferred policy approach. 
Policymakers prefer to provide immediate benefits, with costs deferred to a later 
time. For GHG mitigation however, even if the policy is effective, and the change 
in emissions is exactly what is desired, it may not be possible to see the impact of 
actions on total emissions for several decades. Further, GHG mitigation does not 
reverse climate change, it only stops the anthropogenic component of that change 
and climate stabilization will only be achieved after the end of the stabilization 
process. On the other hand, the costs are far more immediate – essentially, 
beginning now. 

 
Third, the costs can appear to be very large. The total global costs of most 
mitigation scenarios are measured in trillions of dollars. If one puts these costs in 
perspective by either comparing them to global GDP or to total investment that 
will be made in energy generation and consumption technology over this century, 
the costs look relatively modest. However, the total cost is intimidating, 
particularly when advocating action now, while there remains some uncertainty in 
the science.  

 
Fourth, the scale of the systems that need to be changed is massive. The goal is to 
make a dramatic change in the nature of global energy production and use. 
Currently, the annual global waste stream from fossil fuel combustion, measured 
in billions of tons of carbon emitted, is six times larger than the annual global 
production of iron and steel. It is not just the existing energy system that must be 
transformed. Concurrently, it will be necessary to provide an energy infrastructure 
for developing nations that both provides adequate energy for development and 
does not drive their technological infrastructure into a dependence on fossil fuels 
and the free venting of carbon dioxide to the atmosphere.  

 
Finally, the United States must be a significant player in the eventual mitigation 
of GHG emissions. It is currently the largest national emitter of carbon dioxide. 
There is a real question of how the U.S. should view itself within the context of 
this global challenge, particularly in light of the growing emissions from the 
developing world. 
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In this paper we suggest that the key to near term actions is an understanding that there is 
not only the issue of current emissions, but also the issue of current capital stock that will 
continue emitting into the future. An important cost of future mitigation is the loss of 
economic value of existing capital stock through premature retirement. The current stock 
of energy generating and consuming technologies, for example in the transportation and 
electricity generating sectors, cast a carbon shadow into the future. When the shadow of 
the existing capital stock, as well as current construction and manufacture of fossil fuel 
dependent technologies, is calculated, one realizes the extent to which we have already 
committed to consuming this century’s global budget of carbon dioxide emissions. This 
carbon shadow highlights the potential need for both an accelerated deployment of non-
carbon emitting technologies and a policy approach that addresses the problem of current 
capital stock.  
 
In what follows we will:  
 

1. Describe how the desire for stabilizing carbon dioxide concentrations at a 
particular level leads, because of the nature of the carbon cycle, to a global budget 
for carbon dioxide emissions. 
 

2. Discuss the variety of ways that a carbon shadow can be important, motivating the 
focus of this report on U.S. electricity generation and transportation vehicles. 
 

3. Examine the ways in which one might determine the lifetime of a particular piece 
of technology, drawing a distinction between the capital cycle and actual 
retirement. 
 

4. Describe the process for calculating the retirement rates for U.S. electricity 
generation and transportation capital and derive the carbon shadows for the 
technologies based on their inferred retirement rate. 
 

5. Generalize the carbon shadows for the U.S. beyond electricity generation and 
ground transportation, and put these in the context of various assumptions about 
appropriate U.S. shares of the global carbon budget. 
 

6. Describe how various factors such as carbon cycle uncertainties, choice of 
stabilization level, and specific technology characteristics affect the basic results.  
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2. Budgets and Shadows 

2.1 Carbon Budgets 
 
There are a variety of ways to think about the transition from the current situation of 
increasing concentrations of atmospheric greenhouse gases to a stabilization of those 
concentrations. For the current work we are putting that transition into perspective by 
looking at the amount of carbon that can be emitted between now and a future time along 
a particular projected emissions path that would achieve a stabilization of the atmospheric 
concentration of carbon dioxide. The cumulative carbon emissions leading to 
stabilization is what we will refer to as an “allowable carbon budget.” 
 
The allowable carbon budget for stabilization is largely a function of two considerations. 
The first is the concentration at which one might wish to achieve stabilization: the lower 
the stabilized concentration the lower the allowable budget. Second, it is a function of the 
behavior of the Earth’s carbon-cycle. If terrestrial and oceanic carbon reservoirs take up 
carbon at a greater rate, then the allowable budget for anthropogenic emissions will be 
larger. The shape of the path toward stabilization and the exact time of stabilization have 
some effect on the size of the allowable carbon budget, but are much less important than 
the target value and carbon-cycle parameters. A detailed discussion of how these various 
factors determine the allowable carbon budget is contained in Appendix A. 
 
In Appendix A the trajectory for stabilization is of a type that has become to be known as 
a WRE trajectory. This trajectory, first elucidated by Wigley, Richels and Edmonds in 
1996 is determined by minimizing the cost of achieving a particular stabilization level. 
As noted above, the exact trajectory is not critical to the allowable budget. Table 1 
presents the allowable carbon budget for fossil emissions (fossil fuels plus cement 
production) for a trajectory that would achieve a 550 ppmv concentration target by 2150. 
The allowable carbon budgets up to the years 2050 and 2100 are 460 and 870 GtC, 
respectively.  
 
The results in this section will be presented for a concentration target of 550 ppmv. A 
discussion of the impact on the analysis of selecting alternate target concentration is 
discussed later in the paper and in Appendix A. 
 
 Allowable cumulative emissions under a 550 ppmv atmospheric 

concentration target by 2150 (GtC) 
2050 460 
2100 870 

Table 1 Allowable cumulative emissions, in gigatons of carbon (GtC), from 2000 to 2050 and 
2100 along a trajectory that would achieve a 550-ppmv atmospheric concentration target by 
2150.
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With the “allowable” carbon budget established, we can now turn to the question of how 
much of budget is already “committed to” because of the existing capital stock.  

2.2 Carbon Shadows 
 
The idea of a “carbon shadow” is a concept that attempts to capture quantitatively the 
impact of the current capital stock of fossil fuel generating and consuming technology as 
they continue to produce carbon emissions until they are retired. Specifically, the concept 
can be used in conjunction with the “allowable” budgets, discussed previously, to 
indicate the extent to which current capital stocks limit future flexibility in carbon 
emissions. It is possible to compute these shadows because the rate at which capital stock 
produces carbon emissions is a property of the technology itself, reflected in the 
efficiency of a fossil-fired fuel plant or of a motor vehicle. Therefore, if one understands 
how long the technology will be in use and how much it will be used, it is possible to 
calculate how much carbon dioxide will be emitted by an individual plant or vehicle. 
 
By itself the carbon shadow cast by existing capital stock is interesting but lacks context. 
The context comes when one understands that stabilization at any particular 
concentration of atmospheric carbon dioxide implies a global budget for emissions over 
the course of this century. Therefore, it is possible to understand what fraction of this 
global budget is “spoken for” by the existing capital stock. This fraction we will refer to 
as the carbon shadow index, or share committed to, of the current capital stock. The 
capital stock, and therefore the carbon shadow, can be disaggregated by sector, specific 
technology or by country, providing context at a variety of levels. 
 
Current capital stock leads to future emissions in three ways, direct conversion, energy 
utilization technologies, and structural consumption. This report focuses on only the first 
class of technologies, but as one contemplates the problem of stabilizing the 
concentrations of greenhouse gases it is important to realize that there are other 
technological shadows that impact carbon emissions, largely through their consumption 
of energy. 
 

1. Direct conversion technologies: These technologies directly convert fossil fuels 
into energy services. This report will focus on the two largest of these 
technologies, electricity generation and vehicle transport. There are other 
technologies that fall into this class, such as cement production, some forms of 
steel production, and the use of natural gas for home heating. The basic 
characteristic of these technologies is that the individual plant or vehicle is 
characterized by a direct relationship between the energy service and the 
consumption of fossil fuels. This relationship is a property of the capital stock 
itself and is not readily changed. An example is automotive efficiency measured 
in miles per gallon. 
 

2. Energy utilization technologies: These technologies are characterized by a direct 
relationship between an energy service and the consumption of some energy 
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carrier. Examples include many end use technologies, such as refrigerator and air 
conditioners. Like the direct conversion technologies the relationship between the 
energy service and the consumption of, for example, electricity is a property of 
the technology and not easily changed over the lifetime of its usage. The degree to 
which these technologies create a carbon shadow is a function of the extent to 
which the energy carrier generates carbon emissions and the turnover rate of the 
technologies. 
 

3. Structural consumption: Some demand for energy services is structural and 
embodied either in a capital infrastructure or other societal factors. These range 
from buildings to highways to zoning decisions. Each has a certain degree of 
mutability as a function of time, but the basic structure implies a demand for 
energy services. For example tall buildings require elevators, and housing and 
employment being separated by large distances creates a demand for surface 
transportation. The impact of these demands on carbon emissions can be modified 
through changing the technologies that provide the services. However, the 
structural demand places limits on the benefits that energy efficiency or carbon 
intensity improvements can achieve. These limits are in turn embodied in a long-
lived capital stock. 

 
The key point about all three of these sources of carbon shadows is their embodiment in 
capital stock. Further, the currently existing capital stock limits the possible alternatives 
for the future. Retiring capital stocks before their useful life has run out incurs costs on 
society by shifting resources from capital expansion to capital replacement, with a 
concomitant loss of the economic value of the prematurely retired asset. This cost 
therefore suggests that, absent any policy, existing capital stocks will still be used until 
their retirement. 
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3. Carbon Shadows of U.S. Transportation and 
Electricity Generation Sectors  
3.1 Capital Cycles vs. Retirement 
 
The calculation of a carbon shadow for a direct conversion technology is based on three 
factors. They are the rate of carbon emissions per unit of service provided (e.g. carbon 
emissions per kilowatt), the average rate utilization of the services provided (kilowatts 
produced per year) and the lifetime of the technology (years before retirement). There are 
a number of timescales that could be used, and have been used, to estimate time of 
retirement. Because we are discussing capital stock and the financial consequences of 
premature retirement, it is tempting to use financial measures to determine the age of the 
asset at retirement. Such measures include the time to pay off funds borrowed for 
construction of the asset, to the time to depreciate the capital stock for tax purposes. 
These two are some times referred to as capital cycles. Capital cycles analysis assumes 
that characteristics such as lifespan, time to retirement, of capital investments are a fixed 
characteristic of capital itself. 
 
A recent report by Lempert, Popper, Resetar and Hart1 has examined the question of 
capital cycles in the climate change context. They conclude, “Capital has no fixed cycle”. 
That is to say that financial considerations alone do not determine when one piece of 
capital stock is replaced with another. They highlight this by also concluding “equipment 
lifetime and more efficient technologies are not significant drivers in the absence of 
policy or market drivers”.  
 
Clearly, the useful life of capital can be extended well beyond its “normal” financial 
lifespan; coal plants, in particular, are still economically viable for decades after all 
capital costs have been paid.   
 
The depreciation approach assumes that the useful output of a capital stock is reduced by 
a constant percentage each year. The data, however, (see model description below) 
suggests that capital retirement proceeds more slowly in early years and most quickly in 
the middle years of capital life, not at the constant rate assumed by depreciation. The 
retirement of capital stock appears rather to be driven by a combination of engineering 
factors, such as efficiency, breakdown, and repair costs, which in turn are driven by age 
and non-age-related factors, such as economic conditions, fuel prices, and the prices 
and/or the availability of alternative technologies. 
 
The following analysis is based on third approach, an historical analysis of the actual 
retirement (removal from service) of direct conversion technologies used for electricity 
and vehicle transportation.  
 
                                                 
1 “Capital Cycles and the timing of climate change policy” Pew Center for Global Climate Change, October 
2002. 
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Before beginning the historical analysis of retirement it is worth noting the reasons for 
selecting electricity production and highway transportation. The basic numbers are quite 
compelling: 
 

• Electricity generation accounted for 39% of 2001 U.S. carbon emissions 
• Highway transportation (cars and trucks) accounted for 23% of 2001 U.S. carbon 

emissions 
• Together, these two capital stocks represent 62% of U.S. emissions, and roughly 

15% of global carbon emissions for 2001. 
 
These sources do have some important differences. The capital stock in electricity 
production sector has a long life (30-70 years) and a correspondingly longer carbon 
shadow. The sector is composed of a small number of large emitters and some units 
(especially steam turbines) can be used almost indefinitely. On the other hand ground 
transportation is characterized by a relatively short life (10-15 years) and thus, a shorter 
carbon shadow. It is composed of a large number of small-scale emitters and vehicles are 
used more intensively when younger than when older, leading to a more rapid drop-off in 
the carbon shadow as the stock ages. 
 
Once we have completed the analysis for these two sectors we will generalize the results 
in order to estimate the entire U.S. carbon emissions shadow. 
 

3.2 Electricity Generation 
 
Three fossil fuels —coal, natural gas, and oil— are used in four different electricity 
production technologies —steam turbine, combustion turbine, internal combustion, and 
combined-cycle— to produce most of the electricity consumed in the United States.2  
Appendix B contains a more detailed description of nature of each of these electrical 
generation technologies. Appendix B also contains the details of the methodology used to 
calculate the carbon shadows. 
 
Briefly, the base methodology employed for the analysis proceeds in three steps. First is 
the calculation of a retirement rate. The methodology for this is adopted from a Federal 
Reserve analysis due to Greenspan and Cohen. Their approach3 considers two factors in 
retirement, age and a collection of financial terms cyclical scrappage.  
 
The second step is to assess the capacity factor for the plants – how much the plant runs 
in a given year. Both the retirement rate and the capacity factor were estimated from 
historical data. The capacity factor is also a function of the age of the plant with older 
plants having a lower capacity factor. The final term in the analysis is the heat rate term, 

                                                 
2 Other fuels include biomass and wastes, while other technologies include renewable energy sources such 
as wind turbines, hydro turbines, and geothermal steam turbines.  As these fuels and technologies are either 
carbon neutral or at least very low carbon emitters, they are ignored in this study. 
3 http://www.federalreserve.gov/Pubs/FEDS/1996/199640/199640pap.pdf 
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which is used to calculate how much carbon dioxide is emitted by the plant when 
operating.  
 
Since each electrical generating technology has a slightly different history, separate 
calculations were carried out for each technology-fuel combination. As shown in Figures 
1 and 2, coal-fired generators dominate the carbon shadow of the electricity-generating 
sector.  By 2050, the cumulative total coming from non-coal generators is 3.6 GtC, as 
compared to coal’s 18.6 GtC, giving non-coal technologies approximately 16% of the 
sector’s cumulative emissions.  By 2100, this total increases to 4.7 GtC, compared to 
coal’s 22.1 GtC, increasing non-coal technologies’ share of cumulative emissions to 
17.5%.  This reflects the youth of the combined cycle generator stock, which continues to 
churn out carbon well into the 21st century, even after most of today’s coal plants have 
been retired.  
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Figure 1. Cumulative emissions (GtC) from electricity capacity technologies operating as of 2001 
through 2050. In the legend ST=steam turbines; CT=combustion turbines; NG=natural gas; and, 
dual refers to Steam turbines capable of being fired by either oil or natural gas. 
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Cumulative Emissions from Current (2001) Capital 
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Figure 2. Cumulative emissions (GtC) from electricity capacity technologies operating as of 2001 
through 2100. In the legend ST=steam turbines; CT=combustion turbines; NG=natural gas; and, 
dual refers to Steam turbines capable of being fired by either oil or natural gas. 
 
The relatively long life of electricity generating capital stocks is highlighted in Table 2. 
In this table we show what the emissions would be if there were no retirements of capital 
stock as well as the projected emissions with retirement. Over the next 50 years there will 
a less than 25% reduction in cumulative emissions if the historical retirement rate of 
electrical generating capacity is maintained. Alternatively, existing capital stock is not 
very much of a factor after 2050.  
 
While the carbon shadow diminishes for electrical generation, it should be noted that new 
fossil generation capacity will have an impact over much of the coming century and 
decisions how to replace retiring units will be critical to managing future commitments to 
carbon emissions. 
 

Emissions from 
Electricity Capacity 
in year: 

Cumulative emissions without 
retirement but with 2001 capital 
stock emissions constant for 50 
or 100 years (GtC) 

Cumulative emissions under 
expected retirement of 2001 
capital stock (GtC) 

2001 0.6 0.6 
2050 30.1 22.3 
2100 60.2 26.8 

Table 2. Cumulative Emissions from electricity capacity under expected retirement of 2001 
capital stock and with 2001 level emissions kept constant for 50 or 100 years. 
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3.3 Ground Transportation 
 
The U.S. transportation sector accounted for 33% of national annual carbon emissions in 
20014 , a significant source of emissions and potentially major contributor to U.S. carbon 
shadow.  However, unlike power plants, data concerning vehicles is much harder to come 
by—the sheer number of vehicles makes reliable data difficult to find or expensive to 
obtain.  For this reason, our model of transportation carbon shadows has been restricted 
to highway vehicles: cars, medium (GVW 10,001-16,000), light-heavy (GVW 16,001-
26,000) and heavy-heavy (GVW 26,001+).light trucks, and heavy trucks.5  Contributing 
approximately 76% of total transportation emissions, roughly a quarter of U.S. carbon 
emissions were attributable to these vehicles.  This means that our more restricted model 
captures the lion’s share of transportation-related carbon emissions. We will discuss other 
emissions associated with for example air transport as part of our generalization of the 
U.S. carbon shadow in the next section of the paper.  
 
The detailed calculation of the ground transportation carbon shadow is contained in 
Appendix C. The model for this sector, like the electricity generator models, has three 
components.  First, a retirement model calculates the total number of vehicles of each age 
group surviving into the next year.  Second, a usage model determines how many vehicle 
miles are driven for each age cohort.  The third component assigns the appropriate 
efficiency (measured in miles per gallon (mpg)) to each vehicle type and age group to 
obtain a total amount of fuel consumed and the associated carbon emissions. 
 
Figures 3and 4 show the results of the calculations of the carbon shadow for the existing 
U.S. ground transportation fleet. There are several key features of these figures. First, 
unlike electricity generation where one technology dominates the carbon shadow, for 
ground transportation, passenger cars, light trucks and heavy trucks represent almost 
identical portions of the carbon shadow. Second, heavy trucks dominate the long-term 
component of the ground transportation shadow. Finally, practically all of the existing 
fleet will be retired before 2050. 
 

                                                 
4 Information on total 2001 carbon emissions from EIA’s 2001 AEO. 
http://www.eia.doe.gov/oiaf/aeo/results.html 
5 Polk, a data collection company, has extensive (but expensive) data on these classes of vehicles.  There 
are some data availabl e on publicly-owned transportation (buses and rail systems) and some information on 
the number of planes, but the historical data and usage data necessary to create a reliable vintage capital 
model is lacking. 
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Figure 3. Cumulative emissions from current (2001) capital stock in vehicle capital stock through 
2050. 

 
Figure 4. Cumulative emissions from current (2001) capital stock in vehicle capital stock through 
2100. 
 
This latter point is highlighted in Table 3. This table is the ground transportation 
equivalent of Table 2. Unlike electricity generation, the ground transportation stock only 
accounts for less than 25% of the emissions that would come from a constantly emitting 
fleet of surface transportation vehicles with comparable carbon emissions to the current 
U.S. fleet. Further, less than 3% of the carbon shadow of the current fleet will be emitted 
after 2050, in contrast to almost 17% of the shadow of the electrical generation sector 
coming from post 2050 emissions. 
 
The results in Tables 2 and 3 highlight an important point about technological change. 
Specifically, a technology with relatively rapid turnover, like ground transportation, can 
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see the effect of the introduction of new technology fairly quickly. As a result, the rapid 
turnover technology is not likely to be driven to early, uneconomic retirement by carbon 
emission policies. For longer-lived technologies, such as those found in electricity 
generation, premature retirement, and/or retrofit technologies maybe required to meet 
carbon emission targets. 
 
Emissions from 
ground 
transportation in 
year: 

Cumulative emissions without 
retirement but with 2001 capital 
stock emissions constant for 50 
or 100 years (GtC) 

Cumulative emissions under 
expected retirement of 2001 
capital stock (GtC) 

2001 0.36 0.36 
2050 18.11 4.17 
2100 36.23 4.29 

Table 3. Cumulative emissions from U.S. ground transportation under expected retirement of 
2001 capital stock and with 2001 level emissions kept constant for 50 or 100 years. 
 

3.4 Projecting balance of the U.S. emissions shadow 
 
The combined carbon shadows of the electrical generation and ground transportation 
technologies considered above are 26.4 and 31.0 GtC, for 2050 and 2100 respectively. 
However, as noted at the outset of the discussion, these sources, while making up most of 
the U.S. emissions, are not all of the emissions. The two sectors that we have analyzed 
make up approximately 62% of the total emissions. Table 4 summarizes the other sources 
of the other 38% of carbon emissions in the U.S. 
 
Source MtC (% of U.S) 

2001 
Nature of emissions (primary energy 
services) 

Other transportation 447 (7.8%) Aircraft, shipping, rail, buses 
Industrial 1048 (18.2%) Process and boiler heat 
Commercial  227.2 (4.0%) Space conditioning 
Residential 366.2 (6.4%) Space and water heating; cooking 
Other 112.8 (2.0%) Cement; gas production; waste 

combustion 
Table 4. Carbon emissions in MtC in 2001 from sectors other than electricity generation and the 
ground transportation discussed earlier. Source AEO 2004 (DOE/EIA-383(2004)) and Emissions 
of Greenhouse Gases in the United States (DOE/EIA-0573(2002)). 
 
An approach to estimating the rest of the U.S. carbon shadow is to use these numbers and 
the very different retirement characteristics of the two detailed analyses already 
completed as the basis of the estimate. Specifically, the ratio of the current annual 
emissions to the carbon shadow for a particular technology could be a measure of an 
“effective lifetime” of the technology.  By this we mean if all of the emissions in a period 
were to be released to the atmosphere at a constant rate and all of the sources were to 
retire at the same time how long would they emit? Table 5 gives the effective lifetime for 
the electricity generation and ground transportation sectors calculated from the data in 
Tables 2 and 3. 
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 Effective Lifetime in Years 
Electricity Generation – 2050 37.1 
Electricity Generation – 2100 44.6 
Ground Transportation - 2050 11.6 
Ground Transportation - 2100 11.9 
Table 5. Effective lifetimes of the capital stock in the electricity generation and ground 
transportation sectors based on the data in Tables 2 and 3.  
 

Table 6. Estimating the carbon shadows for the rest of the U.S. economy. This table shows the 
2001 emission in GtC for the end-use sectors not previously analyzed and summarized in Table 4. 
In the third and fourth columns the carbon shadow to 2050 is shown if the carbon emitting 
capital stock in each end-use sector had the same effective lifetime. The “other” end-use sector 
data comes from Table 7. 
 
Considering each of these end-uses in turn we can use the data in Table 6 to estimate 
their carbon shadows.  
 

Other transportation: From Table 4 we can see that the previously not considered 
elements of the transportation sector are largely aircraft, rail and shipping. The 
base technologies probably have a longer lifetime than the average for ground 
transportation, which is dominated by passenger cars and light duty trucks. If we 
look at the carbon shadow for heavy trucks alone, we can calculate an effective 
lifetime to 2050 and 2100, of 17.6 an 18.9 years 6. In Table 6 we have adopted an 
intermediate value for the balance of the transportation sector that is the average 
of the ground transportation and the heavy truck effective lifetime of 14.6 and 
15.4 years giving carbon shadows of 1.4 and 1.8 GtC. 
 
Industry: The mix of end-uses associated with the industrial sector appear to be 
more durable than that associated with the transportation sector, but may not be as 
durable as the electricity generation sector. For present purposes we are 
estimating that these end-uses have a similar retirement profile to the electricity 
sector, but with a shorter effective lifetime. For present purposes we are 
estimating that this sector will have an effective lifetime 75% of the electricity 
generation sector. 
 

                                                 
6 For U.S. heavy trucks the 2001 carbon emissions were 85.8 MtC and the retirement analysis in Appendix 
C gives a carbon shadow of 1.51 and 1.62 GtC for 2050 and 2100 respectively. 

End-use sector  Transport Electricity  Transport Electricity  
 2001 2050 2100 
Transportation 0.12 1.4 4.4 1.8 1.4 5.3 1.8 
Industry 0.29 3.4 10.8 8.1 3.5 12.9 9.7 
Commercial .062 0.7 2.3 0.9 0.7 2.8 1.0 
Residential 0.10 1.2 3.7 1.4 1.2 4.5 1.5 
Other .031 0.4 1.1 1.2 0.4 1.4 2.1 
Total 0.60   13.4   16.1 



 

 26 

Commercial: We expect the commercial sectors carbon emissions to be greater 
than ground transportation and to be more in keeping with the balance of the 
transportation sector described above. While buildings themselves are relatively 
durable the heating infrastructure is replaced more often than the shell is raised 
and we estimate the durability of this capital to be comparable to that of the 
“Other Transportation” sector and will adopt its effective lifetimes for this 
calculation. 
 
Residential: Space and water heating are the dominant end-uses and we are 
estimating that these systems have retirement rates comparable to their 
commercial counterparts. 
 
Other U.S. Carbon Emissions: These emissions are difficult to estimate for 
several reasons. Looking at the five major sources in turn, we note that: 

Cement production: The emissions from cement production are a function 
of the process not the capital stock. The emissions are therefore a product 
of the production of cement, which is in fact growing. 
Natural Gas Flaring: This is a practice that is in heavy decline, having 
dropped nearly by a factor of 2 in the last decade. As a rapidly 
disappearing practice one cannot expect much of a shadow. 
CO2 in Natural Gas: The emissions here are a product of the natural gas 
being recovered and the demand for the CO2 for other purposes that might 
sequester it. This source has increased with time.  
Waste Incineration: These emissions are tied to a capital stock that likely 
has an industrial retirement schedule. 
Other industrial: These include emissions from smelting and the use of 
limestone in desulphurization. The associated capital stock will have a 
characteristic industrial time scale. 

Source 2001 Assumption ELT 
2050 

ELT 
2100  

Shadow 
2050 
(GtC) 

Shadow 
2100 
(GtC) 

Cement 11.3 Constant 50 100 0.56 1.13 
NG 
Flaring 

1.4 Zero 0 0 0 0 

CO2 in 
NG 

5.1 Constant 50 100 0.25 0.52 

Waste 5.4 Industrial 27.8 33.4 0.15 0.18 
Other 7.6 Industrial 27.8 33.4 0.21 0.25 
Total 30.8    1.18 2.07 

 
Table 7: Estimates of the Carbon Shadow for other industrial sources. Column 3 
contains the assumption made to estimate the effective lifetime (ELT) for the associated 
capital stock. Constant implies that the source is a product of the process not the capital 
equipment and the assumption is that there is constant use of the resource. Industrial 
means that the industrial effective lifetime (75% of the electricity sector has been used. 
Zero has been assumed for natural gas flaring which is a sharply diminishing practice.  
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We can now estimate the total carbon shadow for the United States, which is summarized 
in Table 8. 
 
Sector Carbon Shadow 2050 (GtC) Carbon Shadow 2100 (GtC) 
   
Electricity Generation 22.3 26.8 
Ground Transportation 4.2 4.3 
Other 13.4 16.1 
   
Total 39.9 47.2 
 
Table 8: Total carbon shadows for the United States to 2050 and 2100 respectively. 

4.0 U.S. Emissions in Perspective  
 
The key question now is, “what are the ramifications of capital lifetimes on future options 
for carbon dioxide emissions mitigation strategies in the United States?” Specifically, this 
can be looked at from four perspectives: 
 

1. If the U.S. were to continue its emissions at present levels over the next century, 
how much of the global budget of emissions would it consume? 
 

2. How much of the global carbon budget does the existing U.S. capital stock of 
carbon emitting facilities consume of the global budget? 
 

3. If we estimate a range of values for the “share “ of the century’s global carbon 
budget that could be assigned to the U.S. how much of those budgets will the 
existing capital stock consume? 
 

4. Since it takes time to make a transition to new energy systems, can we estimate 
the U.S. situation with respect to possible carbon budgets 20 years hence? 

 
Many policy proposals start with stabilizing emissions as an interim goal on the path to 
carbon emissions reduction. Table 9 summarizes what the U.S. emission would be if they 
average 2001 emissions for the next 50 and 100 years respectively. There are several 
points worth noting in the context of Table 9: 
 

• Maintaining average 2001 emissions over the next 50 and 100 means that the U.S.  
would use less than its current annual percentage of global emissions (Currently 
the U.S. is 24% of global carbon emissions.). This reflects the impact of the 
projected growth of carbon emissions in the rest of the world, most notably 
developing countries. 
 

• For reference, it should be noted that the U.S. emissions in 2001 (1.56 GtC) have 
grown from 1990 levels (1.32 GtC). If the U.S. were to average 1990 emission 
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levels for the next 50 and 100 years, those emissions would constitute 14.3% and 
15.2% respectively of the global budget. 
 

• Finally, Table 9 illustrates the impact of the stabilization trajectory that calls for 
less emissions in the second half of the 21st century than in the first, a reduction of 
50 GtC. 

 
 
 2001 U.S. 

Annual 
Emissions 

(GtC) 

U.S. Emissions to 
2050 and percent of 
the Global Carbon 

budget 

U.S. Emissions to 
2100 as a percent of 
the Global Carbon 

budget 
    
Electricity Generation 0.60 GtC 30.1 GtC (6.5%) 60.2 GtC (6.9%) 

Ground Transportation 0.36 GtC 18.1 GtC (3.9%) 36.2 GtC (4.1%) 

Other Carbon 
Emissions 

0.60 GtC 30.0 GtC (6.5%) 60.0 GtC (6.9%) 

    
Total 1.56 GtC 17.0% 17.9% 
    
Global Carbon Budget 
(GtC) for 550 ppmv 
stabilization 

 460 GtC 870 GtC 

Global Carbon 
Emissions in 2000 

6.61   

Table 9: Projection of U.S. emissions to 2050 and 2100 under the assumption of constant U.S. 
emissions. The results are shown both as total emissions in GtC and as a percentage of the 
Global Carbon Budget. The calculations of the percentages are based on budgets to 2050 and 
2100, for a 550 ppmv target concentration. 
 
The second question is, in essence, “how significant is the U.S. carbon shadow in the 
context of a global carbon budget?” The bottom line (Table 10) is that the carbon shadow 
of the current U.S. carbon emitting capital stock represents 8.7% and 5.4% of the global 
carbon budget to years 2050 and 2100 respectively. For context, from Table 9 we note 
that the if U.S. emissions remained constant over the century that they would represent 
17.0% and 17.9% of the 2050 and 2100 global budgets respectively. Table 10 shows 
further that in the electric utility sector, existing capital has committed the U.S. to almost 
75% of the emissions it would have it continued to emit at a constant level over the next 
50 years.
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2050 2100  

Cumulative 
emissions 
without 

retirement but 
with 2001 

capital stock 
emissions 
constant  

Carbon 
Shadow 
(Carbon 

Shadow as a 
percent of 
constant 

emissions) 

Cumulative 
emissions 
without 

retirement but 
with 2001 

capital stock 
emissions 
constant  

Carbon 
Shadow 
(Carbon 

Shadow as a 
percent of 
constant 

emissions) 

Cumulative U.S. 
Emissions from 
Electricity Capacity 

30.1 GtC 22.0 GtC 
(73.1%) 60.2 GtC 26.8 GtC 

(44.5%) 

Cumulative U.S. 
Emissions from 
Ground 
Transportation 

18.1 GtC 4.2 GtC 
(23.2%) 36.2 GtC 4.3 GtC 

(11.9%) 

Cumulative U.S. 
Emissions from 
other sources 

30.0 GtC 13.4 GtC 
(44.7%) 60.0 GtC 16.1 GtC 

(26.8%) 

Shadow 
in GtC 

39.9 GtC 47.2 GtC Total 
U.S 

Carbon 
Shadow 

As % of 
Global 
Carbon 
Budget 

8.7% 5.4% 

Table 10: A summary of U.S emissions from tables 8 and 9 showing the relationship between 
carbon shadows of various sectors and the global carbon budget and emissions associate with a 
flat emissions profile. Global carbon emissions budgets are based on target of 550 ppmv 
atmospheric concentration by 2150 and are 460 GtC (to 2050) and 870 GtC (to 2100). 
 
While the percentage of the global budget is instructive, it is also worthwhile to consider 
what impact the carbon shadow of the U.S. current capital stock may have on future 
carbon emissions mitigations options. One way to do this is to consider what range of 
global emissions might apply to the United States. The purpose of this is not  to enter into 
a discussion of what might be the “fair share” of global emissions that might be allocated 
to the U.S., but rather to see the extent to which current “committed”  emissions might 
constrain future U.S. policy. In order to estimate what plausible range of U.S. emissions 
budgets might be, we have hypothesized five “bases of allocation” of global emissions. 
Again, none of these are recommendations as the basis of allocation; they are simply 
heuristics for understanding U.S. policy options. The five used here are:  
 

1. Set the U.S. budget for the 21st century based on maintaining an average emission 
of some benchmark year. Table 10 does this for a benchmark year of 2001, but 
one could imagine using 1990, the year of the signing of the UN Framework 
Convention on Climate Change. If the benchmark year is 2001 the cumulative 
U.S. budget to 2050 is 78 GtC and to 2100 156 GtC. If the benchmark year were 
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1990 the U.S. budgets would be 66 and 132 GtC to 2050 and 2100, respectively. 
 

2. Another means of estimating a budget would to say that the budget for any given 
year would be the same fraction, in perpetuity, of the global budget. Again there 
is the question of establishing the benchmark year for the budget. In 2001 the U.S. 
accounted for 23.6% of global emissions and 1990 21.5%. Therefore with 2001 
base year the cumulative U.S. budgets would be 108 and 205 GtC to 2050 and 
2100 respectively. If the base year were 1990 the U.S. budgets would be 99 and 
187 GtC. 
 

3. Since emissions are tied to economic activity it may be useful to consider 
indexing emissions budgets to GDP. In 2000 the U.S. economy was about 31% of 
global GDP. Using the IPCC Special Report on Emission Scenarios and assuming 
that the current relative rates of growth of the global economy and the advanced 
economies persist, on average, over the next century, the U.S. economy would be 
about 18% of the global economy, that is a $40-95T economy for the U.S. in 
2100. By assuming a linear transition to this share of GDP we get U.S. carbon 
budgets of 126 and 213 GtC to 2050 and 2100, respectively.  
 

4. Another approach might be to set the share in terms of a policy aspiration. One 
example is the idea of using the current administration’s goal of reducing carbon 
intensity by 18% per decade. Currently the U.S. emits about .16 tons of carbon 
per dollar of GDP. If the goal of reducing the U.S. carbon emissions by 18% per 
decade could be sustained over this century that number would reach .022 tons of 
carbon per $ of GDP in 2100.  Using the 2100 U.S. GDP numbers above ($40-
95T) and an assumption of linear GDP growth over the century, the U.S. 
emissions budgets would be in the range of 76-117 GtC to 2050 and 122-182 GtC 
to 2100.  
 

5. Finally, there has been some discussion of having the relative shares of carbon 
emissions trend to a per capita distribution of shares. For the U.S this would be a 
5% share of annual emissions in 2100. Presuming a linear transition from the 
current 23.6% share of annual emissions this would imply 87 and 124 GtC U.S. 
budgets to 2050 and 2100.   

 
Table 11 summarizes these possible U.S. carbon budgets and provides a comparison with 
the various possible U.S. shares of the carbon budget noted above. 
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Basis of 
allocation  

U.S. Budget 
to 2050 

(GtC) with % 
of Global 
Budget 

U.S. Carbon 
shadow to 

2050 as a % 
of budget 

(550) 

U.S. Budget 
to 2100 

(GtC) with % 
of Global 
Budget 

U.S. Carbon 
shadow to 

2100 as a % 
of budget 

(550) 
Base 
Year 
1990 

66 
14.3% 60.5% 132 

15.2% 35.8% Maintain 
average 

emissions Base 
Year 
2001 

78 
17.0% 51.2% 156 

17.9% 30.3% 

Base 
Year 
1990 

99 
21.5% 40.3% 187 

21.5% 25.2% Maintain share 
of global 
emissions Base 

Year 
2001 

108 
23.5% 36.9% 205 

23.6% 23.0% 

Share based on 
relative share of 

the global 
economy 

 126 
27.4% 31.7% 213 

24.5% 22.2% 

18% per decade 
reduction in 

carbon intensity 
 76-117 

16.5-25.4% 52.5-34.1% 122-182 
14.0-20.9% 38.7-25.9% 

Trend to share 
based on 
relative 

population in 
2100 

 87 
18.9% 45.9% 124 

14.3% 38.1% 

Table 11: United States carbon budgets to 2050 and 2100 under the various assumptions 
described in the text. For perspective the U.S. budgets are also shown as a percentage of the 
global carbon budgets to 2050 and 2100 (460 and 870 GtC respectively for a 550 ppmv 
stabilization target). Also shown is the carbon shadow for the entire U.S. economy as a 
percentage of the U.S. budgets. 
 
It is important not to be caught up in the details of Table 11. The range of U.S. carbon 
budgets described above are 66-126 GtC to 2050 and 124-213 GtC to 2100. Thee are to 
be compared to the U.S. carbon shadows of 39.9 GtC and 47.2 GtC to 2050 and 2100 
respectively. Even from this simple perspective, the results are fairly dramatic.  
 
The biggest impact of carbon shadows is clearly in the next 50 years. Under the 
assumptions described in the text above the current U.S. capital stock, if retired at 
historical rates represents a commitment to consume between 30 and 60% of possible 
U.S. shares of the global carbon budget. Recall that this commitment is without the 
construction of another fossil fuel fired power plant or the construction of a single 
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petroleum fueled vehicle. Perhaps just as striking is that the current U.S. capital stock 
represents a commitment to emitting an amount equal to 22-38% of possible U.S. budgets 
for the next 100 years. Clearly the carbon shadow of current U.S. capital stock is quite 
long. 
 
The final task in our attempt to put U.S. carbon emissions in perspective is to estimate 
what might happen over the next twenty years if the U.S. does not make a significant 
transition to a much lower carbon intensity path. There are two parts to the question. First 
what will happen to the U.S. carbon shadow as various elements of the carbon emitting 
capital stock are retired and replaced? Second how what will the emissions over the next 
20 years look like and how much of the U.S. carbon budget will those emissions 
consume? 
 
Two factors control estimate of what happens to the shadow over the next 20 years. 

• What kind of capital stock replaces retired capital stock? 
• What capital stock is added over and above replacement? 

 
The answers to these two questions probably have an opposite impact on the carbon 
shadow of the resulting capital stock. We would expect that new capacity would produce 
energy services at higher efficiency and therefore lower carbon intensity. Alternatively, 
the addition of capacity would simply increase the carbon shadow. New capital 
equipment may have a longer lifetime than the equipment it replaces (the tendency for 
motor vehicles), which would add to the carbon shadow. Similarly, if the replacement 
capital equipment has a shorter lifetime, e.g. a combustion turbine versus a pulverized 
coal plant, the shadow would be smaller. For present purposes, we will take a 
conservative (lower carbon shadow assumption that the carbon shadow in 2020 would be 
equal to the current carbon shadows, 39.9 and 47.2 GtC to 2070 and 2120 respectively. 
Following the previous analyses, we estimate the carbon shadow to be 29.9 GtC from 
2020 to 2050 and 46.1 GtC to 2100. 
 
The next question is what might the expected emission for the U.S. over the next 20 
years. Over the past decade the annual U.S. carbon emissions have increased at about 
1.7% per year. For present purposes we estimate U.S. increases at half this rate for the 
next 20 years. Under this assumption, the U.S. would emit approximately 34 GtC over 
the 20-year period. Therefore by 2020 the U.S. has emitted and committed to emit 63.9 
GtC and 80.1 GtC to 2050 and 2100, respectively. 
 
Table 12 summarizes the impact of these assumptions on the various U.S. shares of the 
global carbon budget as described in Table 11 and the associated text. There are several 
key points. First, even for the most generous U.S. share of the global carbon budget, one 
based on GDP, by 2020 the U.S. has either emitted or committed to emit, in the form of 
its carbon shadow more than 50% of its budget to 2050 and almost 38% of the budget to 
2100.  
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Basis of allocation  

U.S. Carbon shadow in 
2020, plus 2001-2020 
emissions (63.9GtC) to 

2050 as a % of budget (550) 

U.S. Carbon shadow in 
2020, plus 2001-2020 
emissions (80.1GtC) to 

2100 as a % of budget (550) 
Base 
Year 
1990 

96.8% 60.7% 
Maintain average 

emissions Base 
Year 
2001 

81.9% 51.3% 

Base 
Year 
1990 

64.5% 42.8% 
Maintain share of 
global emissions Base 

Year 
2001 

59.2% 39.0% 

Share based on 
relative share of 

the global 
economy 

 50.7% 37.6% 

18% per decade 
reduction in 

carbon intensity 
 84.1-54.6% 65.7-44.0% 

Trend to share 
based on relative 

population in 2100 
 73.4% 64.6% 

Table 12: Use and committed use of the United States carbon budgets to 2050 and 2100 by 2020 
following the assumptions in the text. The basis for determining the U.S. budgets is the same as 
for Table 11.  
 
As above rather than focusing on the detailed results in the table we can consider the 
ranges consumption of the possible U.S. carbon budgets. Doing that we note that to 2050, 
the combination of twenty years of “business as usual” consumption, and the carbon 
shadow of the evolved capital stock implies consumption of 51-97% of the possible U.S. 
budgets to 2050. To 2100, we may have consumed and committed to consume 38-65% of 
the range of U.S. budgets considered here. 
 
What does it mean to have emitted or committed to emit 100% of the nation’s budget? If 
we were speaking to the entire period, from a given time forward to the stabilization date 
of 2150, it would imply that the nation in question could not build any more carbon 
emitting technologies, even to replace those that have retired. In the current context using 
100% of the budget to an intermediate point in time, implies that the changing emissions 
profile will not stay on a cost minimization WRE-like trajectory and that future emissions 
reductions may require premature retirement of capital stock in order to meet the final 
budget. 
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4.1 Impacts of policy goals 
 
The previous results and discussion are even more powerful when put in the context of 
the policy options related to managing the concentration of atmospheric carbon dioxide. 
The analysis in Appendix A, which discusses both the budget for different levels but also 
the impacts on those budgets of uncertainties in our understanding of the carbon cycle, 
gave the following budgets (Table 13) for global carbon dioxide emissions over the next 
century.  
 

 Stabilization 
at 650 ppmv 

Stabilization 
at 550 ppmv 

Stabilization 
at 450 ppmv 

Reference 
case 

Global carbon 
budget to 2050 

(GtC) 
505 460 373 500 

Uncertainty range 
(GtC) 451 – 515 423 – 463 311 – 397  

Global carbon 
budget to 2100 

(GtC) 
1089 870 579 1345 

Uncertainty range 
(GtC) 815 -1176 663 – 973 331 - 655  

Table 13: The carbon budget, assumptions and uncertainties (from Appendix A).  As described in 
the appendix, the uncertainty range is due to our current uncertainty in the carbon cycle, largely 
related to the long-term uptake of carbon in the oceans. 
 
The values in Table 13 have been used to calculate the consumption of global carbon 
budgets by current U.S. capital stock (Table 14). There are two points to be noted from 
Table 14. First, the impact of a 450 ppmv target on the fraction of the global budget 
consumed by existing U.S. capital stock is greater than for the 650 ppmv policy case.  
This reflects the fact that as one lowers the target concentration and future emissions are 
more severely constrained, the impact of existing capital stock is correspondingly greater. 
The second point is that carbon cycle uncertainties are important, but primarily for the 
450 policy case on the 100 year time scale. For the 450 case, in the long term, the 
existing capital stock could have an even greater impact on global budgets in the second 
half of the 21st century than in the first half. 
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  To 2050 To 2100 
Total U.S. Carbon Shadow in GtC  39.9 GtC 47.2 GtC 

      
As % of Global Carbon Budget    Range  Range 

for 450 ppmv  10.7% 10.1-12.8% 8.2% 7.2-14.2% 
for 550 ppmv  8.7% 8.6-9.4% 5.4% 4.8-7.1% 
for 650 ppmv  7.9% 7.7-8.8% 4.3% 4.0-5.8% 

Table 14. The U.S. carbon shadows to 2050 and 2100 expressed as a percentage of the 
corresponding global carbon budgets. These are the shadow calculated from 2000 and 
correspond to the values in Table 10. 
 
What do the 450 and 650 ppmv cases imply for the U.S. with respect to possible 
allocations of shares of the global carbon to U.S. and the corresponding consumption of 
those budgets by existing capital stock? Because of the differing ways in which the U.S. 
shares were determined, there are two different impacts.  
 
For two cases, previously discussed, we have assumed a U.S. share based on policy 
targets that are not indexed to anything else going on in the world. In these two cases, 
holding U.S. emissions to an average of the emissions in some reference year and setting 
a targeted reduction in the intensity of carbon emissions, the absolute carbon budget, and 
therefore the percentage of the U.S. budget consumed by current capital stock does not 
change. However, the U.S. share of the global budgets changes. These results are shown 
in Table 15 and they raise two issues. First, note that for both of these options existing 
capital stock already consumes a significant fraction of these budgets. Second it is clear 
again that targets as low as 450 will make it increasingly difficult for the U.S. to maintain 
these budgets in view of global competition for emissions budgets. It is also instructive to 
refer back to Table 12, where we note that the continuation of U.S. emission patterns 
suggests that for these cases the U.S. carbon shadow in 2020 will have consumed 60-80% 
of the U.S. budget to 2050 and nearly half of the U.S. budget to 2100. 
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Global Budget 
to 2050 

Maintain U.S. 
average at 2001 
emission levels 
with Carbon 
Shadow (%) of 
U.S. budget 

U.S. Budget as 
a Percentage of 
Global Budget 

Reduce carbon 
intensity 18% 
per decade with 
Carbon Shadow 
(%) of U.S. 
budget 

U.S. Budget as 
a Percentage of 
Global Budget 

U.S. Budget 78  
(51.2%) 

 76-117  
(52.5-34.1%) 

 

450  20.9%  20.4-31.4% 
550  17.0%  16.5-25.4% 
650  15.4%  15.0-23.2% 
     
Global Budget 
to 2100 

    

U.S. Budget 156  
(30.3%) 

 122-178 
(38.7-25.9%) 

 

450  26.9%  21.1-30.7% 
550  17.9%  14.0-20.5% 
650  14.3%  11.2-16.3% 
Table 15. The U.S. share of the global carbon budget under a range of target concentrations and 
for two U.S. policy options that represent unilateral U.S. policies, without reference to the rest of 
the world’s emissions.  
 
The other possible U.S. budgets are more closely tied to the rest of the world, indexed to 
(1) shares of global emissions, (2) shares based on global GDP and (3) shares based on 
population. For these three estimates changing the stabilization goal will change the 
proportion of the U.S. share consumed by current capital stock. The results are shown in 
Table 16. Again, the results are striking. Several points emerge, the most prominent of 
which is that for lower stabilization targets (450 ppmv) current capital stock consumes a 
substantial fraction of the U.S. share both in the first half of the 21st century and for the 
second half of the century as well.
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 U.S. share of total global 

budget (percentage of 
global budget) 

U.S. budgets and carbon shadow as 
a percentage of the budget to 2050 

Assumptions about 
U.S. share of global 
carbon budget 

 450 550 650 

Maintain share (2001) 23.5% 88 108 119 
  45.5% 36.9% 33.6% 
Maintain % of Global 
Economy 27.4% 102 126 138 

  39.0% 31.7% 28.8% 
Population Based 18.9% 70 87 95 
  56.6% 45.9% 41.8% 
  

 
 

U.S. budgets and carbon shadow as 
a percentage of the budget to 2100 

  450 550 650 
Maintain share (2001) 23.5% 136 204 256 
  34.7% 23.1% 18.4% 
Maintain % of Global 
Economy 24.5% 142 213 267 

  33.3% 22.1% 17.7% 
Population Based 14.3% 83 124 156 
  57.0% 37.9% 30.3% 
Table 16. The U.S. share of the global carbon budget under a range of target concentrations and 
for three U.S. policy options that are referenced to the emissions in the rest of the world.  
 
The results in Table 16 are amplified in Table 17 where we have taken the previous 
analysis of what the consumption over the next 20 years might be and estimated the 
carbon shadow in 2020 (Table 11) and looked at the corresponding consumption of the 
carbon budget as of 2020. In this case, a business as usual use of fossil fuels by the U.S. 
for the next 20 years has dramatically limited options. Specifically with respect to the 450 
ppmv stabilization goal the U.S. has either consumed or committed to consume 60-90% 
of its “share” of global emissions not only to 2050 but also to 2100. For higher 
stabilization levels, the picture is similar but not as severe. For 550 ppmv, consumed plus 
committed emissions represents 50-75% of possible budgets to 2050 and 40-65% of 
budgets to 2100. Even for a 650 ppmv goal, consumed plus committed emissions have 
consumed 45-65% of the 2050 budget and 30-50% of the budget to 2100. These shadows 
are profound and are cast well into the second half of the 21st century. The implications 
are just as compelling when one considers that these correspond to consuming 17.1%, 
13.9% and 12.7% of global budgets to 2050 and 13.8%, 9.2% and 7.4% to 2100, for 
targets of 450, 550 and 650 ppmv, respectively. 
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 U.S. share of total global 

budget (percentage of 
global budget) 

U.S. budgets and carbon shadow as 
a percentage of the budget to 2050 

Assumptions about 
U.S. share of global 
carbon budget 

 450 550 650 

Maintain share (2001) 23.5% 88 108 119 
  72.9% 59.1% 53.8% 
Maintain % of Global 
Economy 27.4% 102 126 138 

  62.5% 50.7% 46.2% 
Population Based 18.9% 70 87 95 
  90.6% 73.5% 66.9% 
  

 
 

U.S. budgets and carbon shadow as 
a percentage of the budget to 2100 

  450 550 650 
Maintain share (2001) 23.5% 136 204 256 
  58.9% 39.2% 31.3% 
Maintain % of Global 
Economy 24.5% 142 213 267 

  56.5% 37.6% 30.0% 
Population Based 14.3% 83 124 156 
  96.7% 64.4% 51.4% 
Table 17. The consumption of and committed consumption (carbon shadow) of the U.S. share of 
the global carbon budget in 2020 under a range of target concentrations and for three U.S. 
policy options that are referenced to the emissions in the rest of the world and a continuation of 
business as usual use of fossil fuels by the U.S.  
 
Highlighting a point made earlier, for some of these approaches to determining a U.S. 
share, these results suggest that by 2020 the U.S. may be in a position that it has little if 
any option to create new capital stock that vents carbon dioxide to the atmosphere if a 
global goal of 450 ppmv is to be achieved. Further even if the concentration goals are 
higher there will be severe constraints on deploying such resources in those cases as well.
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5.0 Conclusions  
 
This report has examined both current emissions from the United States and the likely 
persistence of some of those emissions into the future. These emissions are put in the 
context of a global budget for carbon dioxide for a variety of stabilization levels. The 
primary results and observations are as follows:  
 

• The concept of a global carbon budget associated with particular stabilization 
levels for atmospheric carbon dioxide is a useful method for putting future 
emissions in context.  
 

• For the globe global carbon budgets to 2100 range from 579 GtC for 450 ppmv 
target to 1089 GtC for a 650 ppmv target. The uncertainties in these budgets due 
to knowledge of the carbon cycle are only 10-15% for the next 50 years and climb 
to 20-25% for the century  

 
• It is possible to analyze the U.S. capital stock in transportation and electricity 

generation and estimate future emissions from these existing sources by 
estimating future retirement rates based on past experience. It is also possible to 
generalize the results for these two sectors to the entire U.S. capital stock.  This 
analysis suggests that current capital stock will release approximately 39.9 GtC 
over the next 50 years and 47.2 GtC over the next century. 
 

• An analysis of possible future emissions by the U.S. suggest that by 2020, on a 
business as usual trajectory, the U.S. will have consumed or committed to 
consume 63.9 and 80.1 GtC of the global budgets to 2050 and 2100 respectively. 
 

• Based on an analysis of a wide variety of possible U.S. shares of global carbon 
budgets of between 14% and 28% of global emissions, we find that existing 
capital stock has committed the U.S.  to the use of 30-60% of its possible 
allowance for a 550 ppmv stabilization to 2050 and 22-38% of the possible 
allowance for the century. If the U.S. continues a “business as usual” use of fossil 
by 2020 it will have either consumed, or committed to consume (carbon shadow) 
50-95% of its share to 2050 and 35-65% of its share for the century. 
 

• The impact of current U.S. capital stock on global carbon budgets, and the 
corresponding U.S. share of that budget, is greatest for lower desired carbon 
dioxide concentrations. Under some scenarios for these low concentrations 
targets, current capital stock has consumed a higher fraction of the 100 year 
budget than of the 50 year budget, suggesting future pressure for premature 
retirement of capital stock. 
 

• By 2020 the U.S. may be in a position that it has little if any option to create new 
capital stock that freely vents carbon dioxide to the atmosphere if a global goal of 
450 ppmv is to be achieved. Further even if the concentration goals are higher 
there will be severe constraints on deploying such resources as well. 
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In conclusion, the concepts of global carbon budgets and carbon shadows provide two 
insights. First it shows the extent to which current practices and technologies are not only 
responsible for current but for future emissions. Second, it shows how existing capital 
stock may restrict the ability to cost effectively achieve low carbon dioxide stabilization 
levels. With these broad insights, we can see the challenge ahead for the U.S. Not only do 
we need to be concerned about reducing emissions, but we need to be mindful of the fact 
that decisions made today will cast shadows into the future, just as past decisions are 
affecting our flexibility now. 
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Appendix A: Carbon Cycle and Carbon Budgets 
 
The concentration of carbon dioxide in the Earth’s atmosphere is a consequence of the 
flows of carbon among a variety of different stocks of carbon. The movement among 
these stocks is controlled by a variety of geophysical process, each of which has a 
different characteristic time scale associated with it.  
 
The time scales associated with the key processes affecting carbon dioxide concentrations 
can be ordered from fast to slow. There are two important fast processes. The first is the 
annual cycle of growth of plants associated with the change of the seasons. This cycle is 
driven in temperate climates mainly by spring and summer uptake of carbon dioxide due 
to net photosynthesis and release of carbon back to the atmosphere in the fall and winter 
when decay processes break down plant material. This process is large enough to be seen 
in the annual global variation of carbon dioxide concentration, such as that observed at 
Mauna Loa. The second fast process is the equilibrium that is established between the 
atmosphere and the mixed layer of the ocean.  
 
The intermediate time scale is tied to these first two processes. In the case of the 
terrestrial component, there is a gradual net addition of carbon to standing biomass, 
perennial organisms like trees, and the soil. Second, in the ocean, the waters in the mixed 
layer, the top few hundred meters of the ocean, are gradually mixed by ocean circulation 
into the deep ocean, which is out of contact with the atmosphere. These two processes 
operate on timescales of decades to centuries. Finally, there is a geologic scale, operating 
over periods with characteristic times of millennia to millions of years where carbon is 
incorporated in geologic formations such as fossil fuels. It is the intermediate timescale 
processes, which are most relevant to the removal of carbon dioxide in the timeframe, 
that this project is concerned with (50-100 years). 
 
When society mines the geologic repositories of carbon to generate energy through 
combustion or to make cement, an excess of carbon dioxide is emitted into the 
atmosphere. The ability of plants and the the ocean to absorb these emissions is limited, 
and, on an annual basis, this results in only about half of the carbon dioxide emitted being 
removed annually. The remaining carbon dioxide, in excess of the natural removal 
processes, leads to an increment in the atmospheric carbon dioxide concentration.  
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Figure A1. Overview of the carbon cycle 
 
To be in equilibrium, the carbon fluxes, emissions and sink processes, must balance one 
another.  For that to occur, each year we could only emit an amount of carbon equal to 
the amount of uptake by the deep-ocean and terrestrial systems without causing an 
increase in the atmospheric carbon dioxide concentration.  Alternatively, we can budget 
an amount of emissions beyond this level by accepting a given increment in the 
atmospheric concentration of carbon dioxide.  Thus, if we choose a given concentration 
as our target for stabilization, we can determine future annual carbon budgets that exceed 
annual uptake and increment the concentration towards the target.  Once the stabilization 
level is reached, however, in order to be maintained, our emissions budget is limited to 
the equilibrium budget, meaning that the annual release of geologic carbon cannot exceed 
the rate at which the deep ocean and the terrestrial carbon pools are taking up the carbon 
dioxide. 
 
When we speak of “allowable” emissions, we are referring to this type of future annual 
carbon budgets.  The difference between current concentrations and stabilization target 
concentrations tells us what the total incremental increase in concentration can be.  This 
total is distributed over time by constraining carbon emissions to an “economically 
efficient” path, in the sense of the work of Wigley, Richels and Edmonds – the WRE 
curves.  That is, the amount of incremental increase allocated to each annual budget 
between now and the target year is determined by a least cost path to reach stabilization 
concentration in that year. 
 
The results presented for allowable emissions are the integrated results from three JGCRI 
models: the Second Generation Model (SGM), the Mini-Climate Assessment Model 
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(MiniCAM), and a new global optimization model. Additionally, the optimization model 
uses the Model for the Assessment of Greenhouse gas Induced Climate Change 
(MAGICC), developed by Tom Wigley and collaborators.  
 
The MiniCAM and the SGM are extensively described in model documentation 
(Brenkert et al. 2003a,b). These models were used to provide cost curves that were input 
into the global optimization model. The SGM contains an explicit representation of 
energy producing capital stock with vintaging in a computable general equilibrium 
framework. These features make the SGM the appropriate model to provide estimates of 
the cost of near-term reductions in global carbon dioxide emissions. The SGM has been 
used for this purpose in numerous national and international studies.  
 
The MiniCAM is a flexible model with numerous technological options that runs on a 
global scale with a resolution of 14 world regions. The MiniCAM incorporates socio-
economic changes over a century time scale such as improvements in energy 
technologies, demographic changes, economic development, and fossil resource 
depletion. These characteristics make the MiniCAM the appropriate tool for examining 
the costs of carbon policies over a century time scale. The MiniCAM was used to provide 
estimates of the cost of emissions reductions from 2050 onward. The cost curves from 
these two models were extrapolated for intermediate periods.  
 
The global optimization model used here is a new model developed at JGCRI. This 
model uses a genetic optimization algorithm to produce globally optimized, cost-
minimizing pathway to a specified climate target. The key input parameters are the value 
of the climate target (for example, stabilization at 550 ppmv) and the cost of emissions 
reductions. Cost curves from the two models above were used to determine emissions 
reduction costs. The program finds an emissions pathway that meets the specified target 
with the lowest total discounted cost. The discount rate used in the present calculations is 
8%. Both the cost of emissions reductions and the constraints imposed by the carbon-
cycle in order to achieve stabilization affect the shape of the resulting emissions curve. 
Because costs are discounted over time, emissions reduction costs are the most important 
factor for the early portion of the curve and the behavior of the carbon-cycle is more 
important at later times. Ultimately, however, it is the behavior of the carbon-cycle that 
largely determines the emissions budget allowed for a given stabilization level.  This will 
be discussed at greater length in the section on sensitivity analysis. 
 
The global optimization model uses MAGICC to translate carbon dioxide emissions into 
concentrations. MAGICC is a widely used “simple climate model” (Harvey et al. 1997) 
that includes the effects of all the major greenhouse gases (CO2, CH4, N2O, halocarbons, 
ozone) and the effects of aerosol compounds (sulfur dioxide and black carbon). The 
carbon-cycle used in MAGICC is represented on a global scale as a terrestrial and an 
ocean component. The ocean component of the carbon cycle is an expanded version of 
the Maier-Reimer and Hasselmann (1987) model. The terrestrial carbon-cycle represents 
carbon flows between living biomass, liter, and soil carbon stock taking into account 
anthropogenic deforestation (Wigley 1991).  
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Figure A2 presents the allowable carbon budget for fossil emissions (fossil fuels plus 
cement production) for a 550 ppmv concentration target by 2150. The carbon budgets for 
the years 2050 and 2100 amount to 460 and 870 GtC, respectively.  
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Figure A2. Carbon budgets for stabilization of carbon dioxide concentrations at 550 ppmv 
cumulative to the years 2050 (460 GtC) and 2100 (870 GtC). Budget figures are relative to the 
year 2000. Figures are shown for the central reference case of the carbon cycle model. 
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Appendix B: Retirement Models for Electricity 
Generations  
 
Three fossil fuels —coal, natural gas, and oil— are used in four different electricity 
production technologies —steam turbine, combustion turbine, internal combustion, and 
combined-cycle— to produce most of the electricity consumed in the United States.7  In 
order to understand the carbon shadow model at the core of this paper, it is necessary to 
outline the characteristics of these technologies and corresponding fuels that are relevant 
to the model. 

B.1 Characteristics of electricity conversion systems 

B.1.1 Steam Turbines 
A steam turbine generator consists of three main parts.  A boiler system burns one of the 
fossil fuels, using the generated heat to boil a large supply of water.  This water is then 
moved, under great pressure, into the steam turbine itself, where it is allowed to expand.  
This expansion of gases pushes against rotor blades in the turbine, turning a drive shaft.  
This drive shaft is connected to the third part, the generator, where a large magnet spins 
inside a coil of wires, producing an electric current.  This current is the output of the 
electrical plant.  In the U.S. these units use primarily coal as a fuel, though there are a 
number of such generators that burn either oil or natural gas.  The efficiency of steam 
generation is largely determined by the size of the unit, so these plants tend to be very 
large (many of the coal burning units built in the 70s and 80s are over 1000 MW 
capacity). 
 
Two characteristics of these units are important for modeling purposes.  First, the large 
amount of water that needs to be heated in the generation process means that these units 
take a large amount of energy and a long time to get going from a cold start.  For this 
reason, steam turbines tend to be used as what are known as baseload units, meaning that 
they provide the constant minimum level of electricity that is demanded on the grid.  
Although very expensive in terms of capital to build, these units can be run on cheap fuel 
(such as coal) and are run almost continuously. Second, the parts of steam turbine units 
are very durable, and with proper maintenance can last several decades beyond their rated 
lifespan.  This means that retirement decisions will likely be dominated by considerations 
other than serviceability. 

B.1.2 Combustion Turbines 
A combustion turbine has only two primary components.  First, inside the turbine itself, 
natural gas and/or petroleum products are burned to create very high temperatures and 
pressures.  The high pressure of the gases created pushes the turbine blades inside the 
turbine, turning a drive shaft that drives the generator.   
                                                 
7 Other fuels include biomass and wastes, while other technologies include renewables such as wind 
turbines, hydro turbines, and geothermal steam turbines.  As these fuels and technologies are either carbon 
neutral or at least very low carbon emitters, they are ignored in this study. 
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These units are the opposite of steam turbines for modeling purposes.  First, unlike steam 
generators, these units have very low startup times and costs.  Thus, instead of being run 
continuously, these units are brought online during periods of high demand to provided 
electricity for the higher cost “peak” periods.  This allows them to use higher cost fuel 
than steam turbines (piped-in natural gas and petroleum), as owners are able to sell the 
generated electricity at a much higher price.  Their role as “peaking” units means that 
these units are usually operational less than 10% of the time.  Secondly, the significantly 
higher temperatures and pressures inside the turbine, relative to a steam turbine, means 
that the moving parts are exposed to much harsher conditions.  Thus, these units tend to 
have a shorter lifespan.  

B.1.3 Internal Combustion Generators 
Internal combustion (IC) generators burn either natural gas or petroleum products inside a 
large engine (not unlike a truck engine), where the explosion of the fuel pushes pistons 
that turn a drive shaft.  This drive shaft in turn rotates a generator that produces an 
electrical current in the same way as the above units. 
 
For the purposes of modeling, IC generators are fairly analogous to combustion turbines.  
On the one hand, they have very low capital costs and startup costs, and thus make 
excellent peaking units.  On the other hand, the internal explosions that drive the IC 
engine also put it under considerable strain, meaning that these units have a short, 
relatively constrained useful lifetime.   

B.1.4 The Combined Cycle 
Combined cycle plants are a fairly recently introduced hybrid of steam and combustion 
turbine units that produce electricity in two stages.  In the first stage, a group of 
combustion turbines each turn a generator unit, creating electricity in the same process as 
normal combustion turbines.  The exhaust heat from these units is then applied to a boiler 
unit, heating up water, which is then used to run a large steam turbine.  This turbine turns 
a different generator, producing more electricity.  By capturing and using the “waste” 
heat from the combustion turbines, these units are able to achieve much higher 
efficiencies than steam turbine or combustion turbines alone. 
 
By combining the features of combustion and steam turbines, these units are not only 
difficult to model, but also difficult to keep accurate data on.8  First, the inclusion of a 
steam turbine and boiler units does make the whole process difficult to start up, and thus 
these units are expected to play a role as baseload units.  Secondly, however, it is difficult 
to say how the retirement aspects of these units will play out.  On the one hand, the steam 
components will last near indefinitely, while on the other hand the combustion turbine 
components will experience shorter lifespan.  This may result in combustion components 
                                                 
8 The EIA has yet to introduce a standardized system of recording information about combined-cycle units, 
resulting in data that is very hard to make use of.  Since data is recorded by individual generator and 
combined cycle “units” typically consists of 3-14 generators, how they get recorded, and how power 
production is divided among them is not clear at all.  Thus, some combined-cycle units are listed as normal 
combustion turbines, while others appear as “combustion turbine components of combined cycle units,” 
while still others are labeled “combined cycl e” units.    
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being replaced regularly throughout the life of the steam turbine and thus giving these 
units a projected lifespan more akin to steam turbines.  On the contrary, retirement 
decisions may be dominated by the combustion turbine components, meaning that 
combined-cycle units would have shorter service lives.  Although the higher costs of 
steam units relative to combustion units seems to speak towards the first of these 
hypotheses, no data yet exists on the retirement decisions of combined-cycle owners as 
no combined-cycle plants have been retired.  

B.2 Coal Generators 
Projecting the currently existing coal power generators forward 50 and 100 years to 
obtain estimates of committed carbon emissions required a three step process.  First, we 
developed a retirement model based on historic data to be able to project the amount of 
coal generation capacity remaining in use in each future year (see Figures B1 and B2).  
Second, a capacity factor model that ties usage to generator age was developed to adjust 
for the fact that older generators are generally used less intensively than newer units.  
Finally, generator usage had to be translated into a level of emissions for each future 
year.  This necessitated, first, an efficiency (heat rate) model that could determine the 
amount of coal necessary to produce the electricity generated, and secondly, a carbon 
coefficient that could convert coal burned into carbon emitted.  The following sections 
outline each of these model components and the results, in the form of emissions 
predicted by the model.  
 

 
 
Figure B1 Overview and data sources of the coal generator model 
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Figure B2. Overview of the coal generator vintage capital model 

B.2.1 The Coal Generator Retirement Model 

B.2.1.1 The data 
 
The dataset used for determining the retirement model for coal power generators is the 
Energy Information Administration (EIA) Form 860a for the year 2000.9,10 This database 
contains information on every utility-owned electric generator operated in the United 
States since 1970, including the rated summer capacity (the maximum producible 
electricity under average summer ambient conditions, in MW), year of initial operation, 
operation status, and year of retirement that was used in constructing the retirement 
model.  Unfortunately, there is not a corresponding EIA database that contains 
information on non-utility generator retirements over the past 30 years.  As such, we are 
forced to work under the assumption that all power generators face similar retirement 
patterns regardless of whether they are utility-owned.11 
 

                                                 
9 Generators are the basic unit of this model, rather than plants, due to the fact that generators have a single 
build year associated with them allowing for calculations of the age of the generator.  Plants, insomuch as 
they often contain multiple generating units cannot readily have a single age applied to them. 
10  http://www.eia.doe.gov/cneaf/el ectricity/page/ eia860.html. 
11  This assumption is not likely to be all that influential in terms of the model’s findings given that most of 
the large coal power units are owned and operated by utility companies.  Furthermore, it should be 
mentioned that although the derivation of the retirement model relies on the utility database, the application 
of the model to the data uses a dataset that contains non-utility generators as well. 
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From this dataset, we extracted those power generators whose primary fuel is coal, waste 
coal, or synthetic coal derivatives and that have a rated summer capacity of 10 Megawatts 
(MW) or greater.12  Using the “first-service” (the year the generator came on line) and 
retirement years, the total number of coal generators existing in the years 1970-2000 was 
extrapolated and divided up by age of the generators.  This allowed us to compute a 
figure for the total fraction of generators of a given age that survive another year.  
Looking at every year from 1970-2000, the total the number of generators of age X was 
determined and how many of these survived to age X+1 was computed.  This technique 
yielded an aggregated survival rate for each generator age (1 through 60).  This was 
transformed into the data needed for regression by assuming an initial 100% stock level 
at age zero and then applying the derived survival rate for each year of age through 60 to 
find the fraction of the stock remaining at each age. 

B.2.1.2 The Regression Model 

  
The regression model itself is based on a model for the retirement of automobiles 
developed by Greenspan and Cohen.13  They assumed two different types of scrappage, 
termed “engineering scrappage” and “cyclical scrappage,” which refer, respectively, to 
age-motivated scrapping decisions and economically-motivated capital scrappage.14  
They assumed that a certain fraction of the capital stock, the engineering scrappage rate, 
is retired in any given year due to age considerations alone.  The model we use for coal 
generators reproduces in part their methodology for the derivation of this engineering 
scrappage rate.  It is important to note that this assumes homogeneity within the capital 
stock, meaning in our case that power generators are treated the same regardless of their 
geographic location, ownership, or profitability.  This limits the model from being an 
accurate gauge of which generators will be scrapped in any given year.  However, 
insomuch as the model builds up from aggregated data, it should still be a reliable guide 
to average aggregate retirements, which is all that is required to measure the aggregate 
committed carbon emissions of the stock of generators as a whole. 
 
In the Greenspan/Cohen model, a shorter capital lifespan and a much larger data set 
(almost 200 million vehicles as compared to roughly 1600 coal generators) allow for 
separate curves to be derived for each model year of vehicles.  In our model, coal 
generator lifetime characteristics are assumed to be homogenous across vintage classes, 
meaning that power generators built in 1950 will have the same age-related retirement 
rates as those built in 1970.  Little research exists that explicitly supports this assumption, 
but there is also little evidence that it is wrong either.15   
                                                 
12  Generators smaller than 10 MW represent roughly 16.6% of coal steam generators, but are an almost 
insignificant .4% of total capacity.  
13  http://www.federalreserve.gov/Pubs/FEDS/1996/199640/199640pap.pdf 
14  “Scrappage” is used here interchangeably with “retirement.”  Both are taken to refer to discontinuing the 
use of a particular unit of fixed capital. 
15  Since the generators built prior to 1950 are the only ones that can give us information on the retirement 
of units older than 50 years of age, leaving them out would force us to extrapolate the late-lifetime 
characteristics of generators from a much shorter pool of data.  If, however, generator lives have been 
extended due to technological improvements in their design during the 60s and 70s, then this model will 
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The retirement model uses aggregate capacity, instead of individual generators, as the 
unit of analysis.  This stems from the fact that the number of generators is fairly 
inconsequential from an aggregate point of view.  For instance, knowing that 5% of 
generators are retired in a given year means less than knowing 5% of capacity is retired 
when the focus is on the need to provide a certain total capacity of electricity.  Thus, the 
retirement model focuses on fractions of capacity rather than number of generators.  
Accordingly, survival of capacity follows an S-shaped curve through time such that little 
capacity is retired in the first several years after a vintage is built, more rapid retirement 
occurs in the middle range of generator lifetimes, and the fraction of capacity remaining 
levels off at a low level in the later years of the lifetime.  Also, we assume that no 
capacity is retired in the first 10 years of operation.16  In this coal generator retirement 
model, the curve is functionally approximated by the following regression: 

 
ln(Y) = constant  +  β*t3     (1) 

 
where Y is the fraction of originally built generator capacity remaining after 10 + t 
years.17  Using the extracted data described above, the regression results of (1) were: 
  

Y = exp(.00863 - .00000273*t3)    (2) 
 (t-statistic)     (3.34)          (-45.8)          Adj. R2 = .9785 

 
Figure B3 shows how this model compares to the original data.  As the graph shows, the 
log-cubic model fits the data extremely well for the first 60 years of generator lifetime.  It 
should be noted that beyond sixty years of generator life, the data is very thin (there 
weren’t many generators greater than 10 MW built before 1935 and even fewer survived 
to be reported in this dataset).  This means that there is very little information on the 
structure of the tail of the lifetime curve—a thinner tail (like a logistic estimation) would 
mean that more generators retire sooner, while a thicker curve (the log-squared result 
mentioned in note 8) would mean generators were around even longer.  The log-cubic 
functional form was chosen both because of its superior fit to the data we have and 
because it is between the other two forms in terms of tail thickness. 
 

                                                                                                                                                 
understate the amount of generation coming from existing coal generators in the distant future.  As such, 
these findings would constitute a lower bound for such predictions. 
16  In reality .1% of generators are shut down within 10 years of operation, but ignoring this allows for a 
model that fits the data better by exhibiting a longer flat section with very minor scrappage. 
17  The Greenspan/Cohen model has both a t2 and t3 term; in our results the t3 term dominated the t2 results, 
however, leading to the eventual dropping of the t2 term from the model. 
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Figure B3 Coal-fired steam turbine electricity generating capacity surviving by age 
 
Cyclical scrappage was then computed for each year 1970-2000 by subtracting the 
estimated engineering scrappage for each year (determined by the model described 
above) from the actual observed retirements in that year.  This difference was then 
divided by the total capacity to yield the cyclical scrappage fraction.  This change in 
actual scrappage above or below scrappage due to generator age was assumed to be 
dependent on the price of coal.18  An initial model using just the logged price of coal, 
however, failed to explain a handful of years where retirement of coal generators was 
significantly above the retirements predicted by the engineering scrapping model and 
coal prices alone.  It was discovered that these years (1981, 1985, and 1987) 
corresponded with years in which larger than average numbers of nuclear generators 
came on line.19  Adding this information to the model yielded the following model of 
cyclical retirement as a fraction of total active capacity at a point in time:20 
 

                                                 
18  Different regressions also compared cyclical scrappage to the price of natural gas, petroleum, and the 
ratio of coal prices to each of these fuels.  None of them proved significant, however.  An attempt to 
include the historic price of electricity as an indicator of excess demand/supply also failed to yield 
significant results. 
19  Data on the number of nuclear reactors online used to compute the change in the number of reactors each 
year was obtained from: http://www.eia.doe.gov/emeu/aer/txt/ptb0901.html 
20  The price of coal is drawn from http://www.eia.doe.gov/emeu/aer/txt/ptb0708.html, and is in 1996 chain-
weighted dollars per short ton. 
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       CycFrac =  -0.009863 + .0027388 *ln(coalprice) + .0001709 *deltanukes    (3) 
          (-4.67)          (4.24)                                 (3.00)  Adj R2 = .642 

B.2.1.3 Capacity Factor21 Model 
 
Information on generator usage was drawn from EIA Form 76722, the steam generator 
report, from 2001.  Using plant and generator ID codes, these data were matched up with 
generator summer capacities and first-service years from the EIA Form 860 from the 
same year.  The resulting dataset was 1116 coal generators that were online in 2001.  
Capacity factor figures were calculated by dividing annual generation by summer 
capacity times 8760 hours (number of hours in a year).  Figure B4 shows these fractions 
plotted against summer capacity for all 1116 units.  Clearly, there is much wider variation 
of capacity factors among generators with summer capacity ratings less than 100MW 
than for those above 100MW.  For this reason, generators rated at more than 100MW 
were treated separately from those less than 100MW in determining the relationship 
between capacity factor and age.  Figure B5 plots capacity factors against age for 
generators over 100 MW summer capacity.  There is clearly a linear trend downward 
through the data, which was estimated in an ordinary least square (OLS) regression as: 
 
 CapFact =      0.8343  -    0.004426 *Age    (4) 
  (t-statistic)    (54.79)          (-9.90)  Adj R2 = .1100 
 
where CapFact is the fraction of total possible output (summer capacity times 8760 
hours) that is actually produced annually.  The generators smaller than 100MW also 
exhibit a downward trend, though it is steeper than the larger units (Figure B6).  The OLS 
result for the smaller units was: 
 
 CapFact =       0.8107  -     0.00755 *Age    (5) 
  (t-statistic)     (16.22)           (-6.60)     Adj R2 = .1144 
 
 

                                                 
21  “Capacity factor” is a measurement of usage intensity, and is equal to the actual annual generation (in 
kWh) divided by the total possible annual generation (8760 times the capacity of the generator; kW 
capacity times the maximum 8760 hours operations → kWh). 
22  http://www.eia.doe.gov/cneaf/el ectricity/forms/eia767/eia767.pdf  
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Figure B4. Capacity factors plotted against summer capacity for all 1116 coal-fired electric units 
operating in 2001 
 

 
Figure B5. Capacity factors of coal-fired electric generators over 100 MW summer capacity 
operating in 2001 plotted against the generators’ ages 
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Figure B6 Capacity factors of generators smaller than 100 MW also exhibit a downward trend, 
though it is sharper than the larger units. 

 

B.2.1.4 The Vintage Capital Model 
 
EIA Form 860 from 2001 was used to find the total number of coal generators of each 
age that existed in 2001 and their associated rated summer capacity.  The newest 
generators were built in 2000, while the oldest date from 1921.  A separate age category 
is used for ages 0-80, with all generators older than 81 lumped together in an 82nd 
category.  Every generator in a given age category is assumed to have the same summer 
capacity as that age group’s average summer capacity.  This average capacity rating 
moves with the age group as the model advances through the years 2001-2100.  A 
weighted average of the 80 and 81+ capacities in year X provide the average capacity of 
the 81+ category in year X+1.   
 
Each year, the model computes engineering scrappage by applying model (2) to each age 
cohort and totaling the capacity that is projected not to survive.  Cyclical scrappage is 
then computed according to (3) multiplied by the total capacity at the beginning of the 
year.  These two figures are totaled to yield the total capacity retired during that year: 
 

Total Scrappage = Σ(age=0-81+) (Capacity(age) * (1 – SurvFrac(age)))  (6) 
  + CycFrac * Total Capacity 
where  
 SurvFrac = Y(age+1) / Y(age)      (7) 
 
where Y is the calculated survival rate from (2).  Retirements are then assigned, with the 
least efficient generators (as determined by the heat rate equation, (8), discussed below) 
being retired in turn until the total projected capacity retirement is met.23  
                                                 
23  This approach is informed by the desire to produce a lower bound estimate for carbon emissions.  
Although geographic and economic considerations may not always lead to the least efficient generators 
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Next, the capacity factor models described above ((4) and (5)) are used to calculate 
capacity factors for each age group of generators in the model.  Multiplying the capacities 
for each group by 8760 times the estimated capacity factor, total output in GWh by 
vintage cohort is estimated.  These are then totaled to yield a total GWh output for each 
year.    

B.2.1.5 Generator Heat Rates and CO2 Emissions 
 
The conversion of GWh electrical output to CO2 emitted is a two-step process in this 
model.  First, GWh must be converted to Btu of coal burned by means of heat rates in 
units of Btu/kWh.  The number used for this conversion is dependent on the efficiency of 
the generator in question, expressed as heat rates, which ranges from 9500 Btu/kWh to 
12500 Btu/kWh or more.  Roberts and Goudarzi developed a model of coal generator 
efficiency based on the age, size, fuel, and abatement technology of the generator.24  We 
draw on this model in determining the heat rate of the generators in our coal carbon 
shadow model.  The heat rate of each vintage year of generators is determined, based on 
the age of the cohort and the average summer capacity of the generators as follows: 
 
 Heat rate = 13763.2*(age.07325025)*(capacity-.0932101)                                  (8) 
 
This equation is used for the “average” case.  It is increased by 9.548% in the “high” 
emissions case and decreased by 4.459% in the “low” emissions case.  These adjustments 
are drawn from the original model, and represent lignite fuel with scrubbers in the “high” 
case and bituminous fuel with no scrubbing in the “low” case.  The average case 
represents subituminous (or a mix of the three) fuel with no scrubbers. 
 
The second conversion brings the model from Btu of coal burned to tons of CO2 emitted.  
Carbon emissions from coal vary from 56 lbs/MBtu for Bituminous coal to 58.7 
lbs/MBtu for Lignite coal (anthracite has a higher carbon value, but is not typically used 
for electricity production).25  An average value (taken from the AER 2001) of 57.2 
lbs/MBtu is used in the model for the average case, with the other values used in the low 
and high cases respectively.26   
 
These two conversion factors are applied to the total generation values for each year to 
obtain an estimate of the total CO2 emissions from coal generators for that year.  In turn, 
a cumulative total of these emissions measures how much the generators existing in 2001 
have emitted over the course of the model. 

                                                                                                                                                 
being retired first, doing so in the model keeps us from over estimating emissions, and gives the benefit of 
the doubt to a “best-case scenario.” 
24  The paper with this model is on http://www.econsci.com/euar9801.html. 
25  These conversion values are from http://www.eia.doe.gov/cneaf/coal/quarterly/co2_article/co2.html. 
26  AER, http://www.eia.doe.gov/emeu/aer/pdf/pages/sec13.pdf. 
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B.2.1.6 Cumulative Emissions of Coal-fired Electricity Generation and its 
Uncertainties due to the Quality of Coal used and Scrubbing Levels 
 
Figure B7 shows the Low, Average, and High case paths of cumulative CO2 emissions up 
to the year 2050 assuming no change in the number of large nuclear plants, and the coal 
price predictions published in the AEO (adjusted to 1996 dollars, with the 2025 
prediction extended through to 2100).27  Table B1 summarizes the results for 2050 and 
2000. All three cases have begun leveling off by 2050, as the retirement of existing 
generators slows, given that most of the year-2001-generators have retired by that time.  
In the average case, the year 2001 coal generators have emitted 18.7 gigatons (Gt) of 
carbon by 2050.  The high and low cases yield results of 20.9 Gt and 17.4 Gt of carbon 
respectively.  By 2100, the emissions have leveled off at cumulative 20.6, 22.2, and 24.8 
GtC for the low, average, and high cases respectively.   
 
 
Emissions (Cumulative Giga ton Carbon) from Coal-Fired Electricity Generators 
Operating as of 2001 (GtC) 
Year 2001 2050 2100 
Low carbon coefficient & high generation efficiency 0.47 17.4 20.6 
Average case: average carbon coefficient and average 
generation efficiency 0.50 18.7 22.2 

High carbon coefficient & low generation efficiency 0.56 20.9 24.8 
Table B1 Cumulative emissions (GtC) from coal-fired electricity capacity operating as of 2001 
through 2050 and 2100. 
 
 
 
 

                                                 
27  Coal price predictions taken from the AEO: http://www.eia.doe.gov/oiaf/aeo/aeotab_3.htm  
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Figure B7. Cumulative emissions (GtC) from coal-fired electricity capacity operating as of 2001 
through 2100 with high and low estimates due to the quality of coal used and scrubbing levels 
 

B.3 Other than Coal-fired Electricity Generating Technologies 
 
At 87% of carbon emissions from electricity production, coal comprises the lion’s share 
of the U.S. electricity sector’s emissions.  Furthermore, as discussed above, coal 
generators are used for extremely long periods of time, causing coal to be the dominant 
contributor to that sector’s carbon shadow.  However, investigating the shadows of the 
other production technologies, despite their small share, would not only make our 
overview more complete, but also provide tools of analysis necessary for looking at 
futures that move away from the dominance of coal.  Unfortunately, as these technologies 
are a much smaller share than coal in terms of generation and emissions, they receive less 
attention and thus the data on them is thinner.  Although we use the same model 
framework developed for the coal steam turbines, the lack of data in some cases results in 
a number of limiting assumptions. 
 
The following overview looks at, in turn,  

 other steam turbines, with “other” referring to petroleum and natural gas steam 
generators, in contrast to coal steam generators discussed before, 

 gas turbines,  
 internal combustion generators, and  
 combined-cycle generators.   

 
Each section outlines the models used for each of these technologies, highlighting the 
differences between them and the coal model, and listing the regression equations for 
each fuel-technology combination.  The data used for the retirement models are from the 
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same sources as for coal, that is, from EIA Form 860 while the capacity factor and heat 
rate models draw from a different source in these models.28  Within these models, the 
carbon coefficients for oil and gas are 47.4 and 31.9 lbs C/MBtu respectively, and are 
drawn from the 2001 AER.  These sections are followed by a summary of the carbon 
shadow results of each of these models, and their comparison to the coal results above. 

B.3.1 Other Steam Turbines29 

B.3.1.1 Other Steam Turbine Retirement Components 
 
Three types of steam turbines were looked at in this study:  

• Oil only30,  
• Natural gas, and  
• Dual oil-gas.   

To account for the possibility of different usage characteristics based on type of fuel, 
these three were treated separately from one another, with a separate model developed for 
each.  Engineering scrappage was computed for each in the same manner as for the coal 
steam turbines, identifying the percentage of generators reaching age X to pass on to age 
X+1 over the 30 years (1970-2000) of data contained in the EIA Form 860 data set.  As 
with the coal, the functional form most closely approximating the retirement data was a 
log-cubic.  The regression results for each fuel type are listed below. 
 
Oil only: 
 Y =  exp(-.0038902 - .00000710*t3) 
  (t-statistic)            (-.69)         (-48.22)     Adj. R2 = .981 
 
Gas only: 
 Y =  exp(.0124994 - .00000319*t3) 
  (t-statistic)           (3.29)         (-28.14)     Adj. R2 = .948 
 
Dual Gas-Oil: 
 Y =  exp(-.0040379 - .00000574*t3) 
  (t-statistic)            (.94)         (-57.98)     Adj. R2 = .986 
 
where Y is the fraction of originally built generator capacity remaining after 10 + t years. 
 

                                                 
28  The total generation (used to calculate the capacity factor) and fuel usage (used to calculate the heat rate) 
are draw from EIA Form 759 from 2000.  These data were matched up by generator ID to the capacity and 
age figures from EIA Form 860 from 2000, much in the same way that Form 767 and Form 860 were used 
for the coal model. 
29  “Other” here refers to petroleum and natural gas steam generators.  Biomass and waste generators are 
ignored in this study as arguments can be made that they are carbon neutral or at least have lower net 
carbon emissions.  Focus remains on the fossil fuel generators in the U.S. 
30  Oil-based generators are those that use residual fuel oil, distillate fuel oil, kerosene, waste oil, or jet fuel. 
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We have not been able to develop a cyclical model that fits with the data.  Therefore, for 
the purposes of these models, cyclical scrappage is ignored for non-coal steam units, and 
engineering scrappage is assumed to dominate retirement decisions.   

B.3.1.2 Other Steam Turbine Capacity Factors 
 
The capacity factor for non-coal steam turbines was estimated using the age and size of 
the plants.  As the regression results below show, capacity usage of non-coal steam 
generators is dominated by the size of the unit.  Unlike coal, where age was the 
predominant variable, the capacity factor is linked most closely to summer capacity, with 
larger units seeing more usage than their smaller counterparts.31  As with coal units, older 
generators are assumed to be used less intensively than younger ones, but the difference 
between older and younger ones’ use is much smaller.   
 
Oil Only: 

 CF =  .7196922   -.0004186*summcap  - .0085659*age 
     (4.51)          (-2.36)                          (-2.47)  

Adj. R2 = .0793 
Gas Only: 

 CF =  .1391057 +.0007092*summcap  - .0000206*age 
     (1.87)          (5.37)                            (-0.01)  

Adj. R2 = .1866  
Dual Gas-Oil: 

CF = .3117907   +.0002554*summcap  - .0030909*age 
    (6.38)          (4.57)                            (-2.87)  

Adj. R2 = .1312 

B.3.1.3 Other Steam Turbine Heat Rates 
 
Non-coal steam turbine heat rates were initially regressed against age and summer 
capacity.  However, unlike coal turbines, age was not a statistically significant factor in 
determining heat rates.  On the one hand, this is most likely related to similar findings for 
the capacity factors (if, for instance, heat rate is not dependent on age for these units, 
usage decisions could be explained as also not dependent on age).  On the other hand, at 
this point, we have no explanation for this result, as we would expect these generators to 
physically behave like coal generators in terms of lifetime efficiency.  The heat rate 
regression results are: 
 
Oil Only:    

Heat rate = 14358 * age(.0309015) * capacity(-.0694145)  
  (t-statistic)                  (20.81)    (0.29)        (-2.51)  Adj. R2 = .111 
 

                                                 
31  The oil-only generators, however, exhibit considerably different statistical results.  Capacity is negatively 
related to CF for them, and the regression on a whole has a much lower R-squared.  This is possibly due to 
a low sample size (66) relative to the others. 
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Gas Only:    
Heat rate = 14827 *  capacity(-.0510657)  

  (t-statistic)                  (164.53)     (-3.75)    Adj. R2 = .107 
 
Dual Oil-Gas:    

Heat rate = 15360 * age(.0437232) * capacity(-.0896352)  
  (t-statistic)                  (47.78)    (0.91)        (-8.74)  Adj. R2 = .233 
 

B.3.1.4 The Vintage Capital Models of Other Steam Turbines 
 
The vintage capital model equations are combined in a similar fashion as for coal plants 
to yield annual carbon emissions for non-coal steam generators.  An additional 
calculation, however, is required for determining how much oil and gas are used at dual-
fueled plants.  The lack of historical information on this share limits us to a static model 
(rather than one built on relative oil and gas prices) that uses the fuel ratio in dual-fired 
generators from 2000: 18.1% oil and 71.9% gas.32  This fuel ratio is then used to 
determine the amount oil and gas respectively, which are then transformed into an 
amount of carbon emissions, using the appropriate carbon coefficient.  
 
 
Figure B8 shows how the model results compare to the original data for “other” steam 
turbines.   
 

                                                 
32  This ratio is express in terms of percent of total BTUs burned, and is drawn from the EIA Form 759 2000 
database. 
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Figure B8. Other steam turbine capacity survival 
 

B.3.2 Combustion Turbines 
 
Gas turbines differ significantly from steam turbines (STs) in terms of both physical 
structure and use.  In steam turbines, the movable turbine blades are exposed to high 
pressures and temperatures just over 100 degrees Celsius.  In combustion turbines (CTs), 
however, as the burning occurs in the turbine, the same moving parts must be able to 
withstand significantly higher pressures and temperatures.  As such, they have a shorter 
lifespan than steam turbines.  Also, the facts that they are cheaper per kW to build and 
can be cold started much more quickly than steam turbines (as there is no water that must 
be heated up) lead combustion turbines to serve as peaking units rather than baseload.  
This means that while steam generators run most of the time to provide the constant, or 
baseload, supply of electricity used 24-7 by the power grid, combustion turbines tend to 
be brought online only during the few hours of highest, or peak, demand, during the day.  
Thus, while steam turbines might see usage 50-70% of the time, capacity factors for 
combustion turbines are routinely in the single digits.   
 
Another feature of combustion turbines should be mentioned, as it significantly limits the 
results of this sub-model.  Most baseload units are owned by utility companies, and thus 
are included in the EIA 860 2000 dataset used for determining the retirement figures and 
the EIA 759 2000 database used for determining heat rates and capacity factors.  
However, peaking units, such as combustion turbines, are often owned by non-utilities, 
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and neither of these datasets contains information on non-utility generators.33  Thus, all of 
the figures calculated for the combustion turbine models are rough approximations based 
on the behavior of the utility-owned share of generators. 

B.3.2.1 Combustion Turbine Retirement Models 
 
The log-cubic model used for engineering scrappage for steam turbines did not fit the 
combustion turbine data well, as it did not drop off quite as steeply as the data suggests is 
the norm for combustion turbines.  Thus, for these units, a logistic model was fit to the 
data, yielding a survival curve that moves through the period of rapid retirement much 
more quickly than the log-cubic model.  Again, combustion turbines are treated 
separately depending on fuel type.  The regression results for the engineering scrappage 
models are listed below: 
 
Oil only:    

Y =    1/(exp(-4.903729 + .1330449*t) + 1)  
  (t-statistic)              (-18.26)         (8.22)     Adj. R2 = .712 
 
Gas only:    

Y =    1/(exp(-6.17968 + .1098589*t) + 1)  
  (t-statistic)              (-49.5)         (26.3)     Adj. R2 = .933 
 
Dual Gas-Oil:    

Y =    1/(exp(-5.800948+ .1239683*t) + 1)  
  (t-statistic)              (-73.71)        (42.51)     Adj. R2 = .976 
 
where Y is the fraction of originally built generator capacity remaining after 10 + t years. 
 
As with steam turbines, all attempts to link a cyclical retirement figure to the data proved 
fruitless.  With natural gas turbines, for example, utility-owned generators have only been 
retired in six separate years, meaning that retirement was zero for the other 24 years.  
This limits the ability of the cyclical model to produce meaningful results.  Thus, for the 
purposes of this model, the engineering scrappage figure for combustion turbines 
represents all of the projected scrappage.  That is, for combustion turbines, no cyclical 
figure is included.  The inclusion on non-utility power plant retirements might allow such 
a regression to be successfully reported, but the unavailability of such a dataset limits us 
to the engineering figure. 

B.3.2.2 Combustion Turbine Capacity Factors 
 
As mentioned above, the capacity factor for combustion turbines tends to be rather low.  
Investigation of the data found that, additionally, there is very little systematic variation 
                                                 
33  When the vintage capital model is run, it uses the EIA 860 2001 dataset, which has both utility and non-
utility generators in it, so all existing generators are included in the model.  However, the 2000 dataset is 
the only one with comprehensive retirement figures, although it only contains information on utility-owned 
generators.  
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in the capacity factor along the lines of age or capacity.  That is, the intensity of use of 
these generators does not appear to be based on either age or generator size.  This may 
make sense given that, as peaking units, their usage will be determined more by demand 
than by supply-side characteristics such as age.  To get around this fact, the mean 
capacity factor for each fuel type was used (the standard deviation of each mean appears 
in parentheses): 
 
Oil Only:     .0165215  (.0680926) 
 
Gas Only:  .0911429 (.2212842) 
 
Dual Gas-Oil: .0339475 (.0672977) 
 

B.3.2.3 Combustion Turbine Heat Rates 
 
The heat rates for the combustion turbines were determined using an age and summer 
capacity based regression model, yielding results similar to the coal steam turbines: 
 
Oil Only:    

Heat rate = 29476 * age(.1079179) * capacity(-.009151)  
  (t-statistic)                   (32.7)    (1.93)        (-3.83)  Adj. R2 = .041 
 
Gas Only:    

Heat rate = 15907 * age(.0927727) * capacity(-.023813)  
  (t-statistic)                   (22.1)    (3.35)                    (-.63)  Adj. R2 = .145 
 
Dual Gas-Oil:    

Heat rate = 22606 * age(.0896531) * capacity(-.0593075)  
  (t-statistic)                 (43.16)    (4.61)         (-3.11)  Adj. R2 = .097 
 

B.3.2.4 The Vintage Capital Models for Combustion Turbine 
 
The vintage capital model equations are combined in a similar fashion as for coal plants 
to yield annual carbon emissions for non-coal steam generators.  An additional 
calculation, however, is required for determining how much oil and gas are used at dual-
fueled plants.  The lack of historical information on this share limits us to a static model 
(rather than one built on relative oil and gas prices) that uses the fuel ratio in dual-fired 
generators from 2000: 22.2% oil and 67.8% gas.34  This fuel ratio is then used to 
determine the amount of from oil and gas respectively, which are then transformed into 
carbon emissions using the appropriate carbon coefficient. 

                                                 
34  This ratio is express in terms of percent of total BTUs burned, and is drawn from the EIA Form 759 2000 
database. 
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B.3.3 Combined-Cycle Generators 
 
Natural gas combined-cycle (NGCC) generators, insomuch as they are a hybrid between 
gas turbines and steam turbines propose a number of model methodological issues from 
the outset.  Additionally, the limited data available on these units, combined with the 
recentness of their introduction (such that no units have had to be retired from service, as 
of yet) makes modeling their carbon shadows an uncertain task at best. 

B.3.3.1 Combined Cycle Retirement Model 
 
As with the models for the other power generators, the NGCC retirement model draws its 
historical data from the EIA Form 860A database for 2000 and its capital stock data from 
the same database from 2001.  This dataset, however, provided a number of limitations.  
First, some units are listed with their gas turbine and steam turbine components separated 
into each individual generator unit, while other plants have these units aggregated into 
one combined-cycle generator.  This makes pinning down the exact composition of the 
capital stock nearly impossible.  Secondly, although combined-cycle technology has only 
been used in the last decade and a half, the historical database lists NGCC plants with 
startup years as far back as 1912.  In fact, only 50% of the NGCC generating capacity 
listed have startup dates after 1990.  Due to these discrepancies, we therefore decided not 
to use the age figures from the Form 860 dataset in our model. 
 
Since no NGCC generators have been retired in the U.S., we were not able to derive a 
historically-based retirement model as we did with the other technologies.  Furthermore, 
the dual-nature of NGCC units makes it hard to determine what the dominant retirement 
characteristic would be.  On the one hand, the gas turbine components, which are used at 
approximately 10 times the intensity as normal GT generators, will wear out rather 
quickly (although not 10 times quicker than GTs, as the avoidance of destructive cold-
start cycles reduces wear considerably).  On the other hand, the much more expensive 
steam turbine components (steam turbines cost $1200-$1500 per kW, whereas 
combustion turbines costs as low as $400 per kW) last a very long time (there are still 
steam turbines in operation that were built more than 80 years ago).   
 
In our model, we assume that the steam turbine component dominates the retirement 
decision (which is to say that the less expensive gas turbine components will be replaced 
throughout the service life of the steam turbine components), and we therefore use the 
same engineering scrappage model developed for natural gas steam turbines.  Thus: 
 

Y =  exp(.0124994 - .00000319*t3) 
 
where Y is the fraction of originally built generator capacity remaining after 10 + t years.  
No cyclical scrappage component was derived for NGCC generators. 
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B.3.3.2 Combined Cycle Capacity Factor 
 
The inconsistent aggregation among the data discussed above limited our ability to 
develop a model of capacity factors based on age and size as with other generator types.  
Instead, an average capacity factor was computed as follows.  The capacity factor was 
derived using the “total capacity” figures from the Form 860, 2001 database with 
estimations of generation derived from the other models.  From the NG gas turbine, NG 
steam turbine, dual-fired steam and dual-fired gas turbine models, we were able to 
produce an estimate of the amount of natural-gas-fueled electricity (in GWh) that was 
produced by these generators in 2001, that is, 329,000 GWh.  We subtracted this from the 
EIA figure for total electricity produced from natural gas in 2001 — 629,100 GWh — to 
get 310,000 GWh as an estimate for the amount of generation from NGCC units in 
2001.35  Dividing this figure by 8760 hours and the NGCC capacity in 2001 (which 
comes from the Form 860 database for that year) of 66.6 GW, we obtain a capacity factor 
of 53.1%.   

B.3.3.3 Combined Cycle Heat Rates 
 
Again, the data limitations kept us from deriving an age and size dependent model of 
generator efficiency.  Instead, heat rate information for NGCC plants was drawn from 
David and Herzog (2000)’s paper on generation technologies, and a heat rate of 6201 
Btu/kWh is used for all generators.36,37 

B.3.3.4 The Vintage Capital Model for Combined Cycle 
 
Since we decided to ignore the first-service data, the age structure of the existing capital 
stock had to be derived instead from the Form 860 2001 dataset.  To do this, we used the 
“total capacity” figures from the EIA Annual Energy Outlooks (AEOs) of 1995 through 
2003 to see how much NGCC capacity had been built in each year.38  The number built in 
2001 (and thus starting at age zero in the model) is equal to the capacity existing in the 
Form 860 dataset from 2001 minus the year 2000 capacity reported in the 2003 AEO.  
All capacity built before 1993 was assumed to have been built in 1992.39   

                                                 
35  http://www.eia.doe.gov/emeu/aer/txt/ptb0802a.html 
36  David, J. and H. Herzog. 2000. The cost of carbon capture. Fifth International Conference on GHGCT. 
Cairns, Australia  
37  This means that the decrease in effi ciency normally observed as generators age is not included in the 
model.  This is partially offset (at least in terms of project emissions) by the fact that, by not having 
capacity factor determined by age, generator use does not decrease later in the lifecycle.   
38  Ideally, we would have used the Annual Energy Review (AER), which has historical data, to get these 
numbers.  However, the AER does not have breakdowns by generation technology, whereas the AEO does.  
However, each year’s AEO only has 1-2 years worth of historical data, thus it was necessary to use 
multiple years (1995-2003) to get accurate figures for number built each year. 
39  It should be noted that this means that age cohorts in this model consist only of a total capacity, and not 
individual generators.  Thus, while in other models we were able to drop generators based on their 
effici ency, in this model we are limited to just reducing the total capacity of each age cohort based as 
determined by the retirement model. 
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After that, the model is analogous to the others, previously described.  Each year, 
emissions are calculated by first multiplying total capacity by 8760 and by the capacity 
factor to determine the total GWh of electricity produced.  Then, the heat rate is used to 
convert this to a total Btu of natural gas consumed in NGCC generators.  Finally, the 
carbon coefficient of 37.1 lbs CO2/Btu converts energy to total amount of carbon emitted.   
 
At the end of each year, the retirement model is applied to each age cohort to determine 
the percentage of capacity progressing to the next age cohort in the following year.  Since 
we were not able to get age information for individual generators, the selective removal 
system used in the previous models is not employed here. Instead, each age cohort simply 
loses the amount of capacity dictated by the retirement model.  The process is repeated 
for each year, 2001-2100. 
 
Figure B9 shows how the model results compare to the original data for combustion 
turbines  
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Figure B9. Combustion turbine capacity survival 
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Appendix C: Retirement Models for transportation  
 
The model, like the generator models, works in three components.  First, a retirement 
model calculates the total number of vehicles of each age group surviving into the next 
year.  Second, a usage model determines how many vehicle miles are driven by each age 
group.  The third component assigns the appropriate efficiency (measured in miles per 
gallon (mpg)) to each vehicle type and age group to obtain a total amount of fuel 
consumed.  This is transformed into a total carbon emissions figure by means of a carbon 
coefficient.  Each model component is discussed in turn below. 

C.1 Transportation Sector Retirement Model 

C.1.1 The Data 
 
Polk Automotive Corporation produces the only existing dataset on retirements of cars 
and trucks in the United States.  While we were not able to use this dataset directly, our 
retirement model was drawn from a report that did have access to it.  An unpublished 
paper of Richard L. Schmoyer’s is referenced in edition 23 of the Department of 
Energy’s Transportation Energy Data Book as the source of three engineering scrappage 
models—for cars, light trucks, and heavy trucks.40  Schmoyer used the Polk data set and 
the scrappage model developed by Greenspan and Cohen to produce nine engineering 
scrappage models: a separate one for model years 1970, 1980 and 1990 for each class of 
vehicle (cars, light trucks, heavy trucks).41  These models assign a scrappage rate (percent 
of existing vehicles retired in a given year) for each vehicle age.  That is, for each model 
year, it specifies the percent of vehicles that will be retired at age 1, the percent of those 
remaining that will be retired at age 2, and so on. 
 
Data on the existing vehicle stock and its age structure is drawn from two smaller (and 
more affordable) Polk datasets.  Data on cars and light trucks comes from Polk’s 2001 
National Vehicle Population Profile.  The 2001 stock of trucks had to be estimated from 
Polk’s 2003 Vehicles in Operation report (Polk apparently does not keep truck data that is 
more than a year old), using the Schmoyer retirement model to extrapolate back to the 
2001 levels.  Cars were treated as their own category in our modeling, as were light 
trucks (defined as trucks with gross vehicle weight (GVW) under 10,000 lbs).  The other 
trucks were divided into three categories: medium (GVW 10,001-16,000), light-heavy 
(GVW 16,001-26,000) and heavy-heavy (GVW 26,001+).  In 2001, the first period of the 
model, the vehicular capital stock was comprised of 128.7 million cars, 79 million light 
trucks, 1.7 million medium trucks, 640 thousand light-heavy trucks, and 3.7 million 
heavy-heavy trucks. 

                                                 
40  The scrappage models can be found  in the tables for chapter 3:  
http://www-cta.ornl.gov/data/chapter3.html 
41  http://www.federalreserve.gov/Pubs/FEDS/1996/199640/199640pap.pdf 
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C.1.2 Determining Retirements 
 
Each of the five categories of vehicles is divided up into age cohorts, which are 
determined by model year.  The Schmoyer model only has figures for scrappage of 
vehicles of model years 1970, 1980, and 1990, and thus we needed to derive figures for 
the other model years.  For vehicles with model years between 1970 and 1990, scrappage 
rates are determined for each age level by assuming a linear change in scrappage rates 
between 1970 and 1980 and between 1980 and 1990. Vehicles with model years after 
1990 are assumed to be retired at the same rate as those with model year 1990. 
 
Also, scrappage numbers from the Schmoyer model are listed only for light and heavy 
trucks—medium and light-heavy trucks do not have their own figures.  However, when 
estimating the 2001 numbers from the 2003 numbers for these two groups, it was 
observed that the estimates for the 2001 totals were considerably off if we used the heavy 
truck scrappage figures for medium trucks (in which case the 2001 estimates were much 
too low) or if we used the light truck scrappage rates for light-heavy trucks (in which case 
the 2001 estimates for the youngest 15 cohorts alone was larger than what the entire 2001 
should have been).  Thus, we decided to use the light-truck rates for medium trucks and 
the heavy truck rates for light-heavies.42 
  
Each year, total retirements are determined by calculating the scrappage rate (percent of 
vehicles to be retired) for each model year and finding the rate associated with the 
appropriate age (i.e. the age that cars of that model year will be in the year under 
calculation in the model).  These scrappage rates are applied to their appropriate 
age/vehicle cohorts, and the model outputs the vehicles surviving into the next year. 
 

 
 
Figure C1. Fraction of vehicle capital stock Surviving 
                                                 
42  Insomuch as the reference to Schmoyer’s paper does not specify what exactly is meant by light and 
heavy trucks, it is possible that medium trucks were included in “light” and light-heavies were included in 
“heavy” in the first place. 

0

0.2

0.4

0.6

0.8

1

1.2

2
0

0
1

2
0

0
6

2
0

1
1

2
0

1
6

2
0

2
1

2
0

2
6

2
0

3
1

2
0

3
6

2
0

4
1

2
0

4
6

2
0

5
1

2
0

5
6

2
0

6
1

2
0

6
6

2
0

7
1

2
0

7
6

2
0

8
1

2
0

8
6

2
0

9
1

2
0

9
6

F
ra

c
ti

o
n

 o
f 

V
e

h
ic

le
s

 S
u

rv
iv

in
g

.

Cars Light Trucks Heavy Trucks



 

 69 

 
 

 
 
Figure C2. Number of vehicles surviving 
 

C.2 The Transportation Usage Model 

C.2.1 The Data 
 
The usage models are derived from two surveys.  Car and light truck usage information 
comes from the vehicle-level portion of the National Household Travel Survey of 2001, a 
survey of vehicle ownership and usage characteristics.43  From this dataset, we extracted 
data on the type of vehicle (car or light truck/van), its age, and the total annual miles 
driven.  The data on trucks comes from the vehicle-level version of the 1997 Vehicle 
Inventory and Use Survey, survey of truck ownership and travel characteristics conducted 
by the U.S. census bureau.44  This dataset provided information on truck size, truck age 
(approximated by model year), and annual miles driven. 

C.2.2 The Regression Models 
 
A brief glimpse at the data shows that there is a negative relationship between age and the 
number of miles driven in a year—older vehicles are driven less distance than newer 
vehicles, on average.  This relationship tends to level off in later years, however, with the 
difference in driving distance between a 30-year old and 31-yar old vehicle being 
considerably smaller than the difference between younger vehicles one year apart.  For 
each of the five vehicle types, we used data from the appropriate data set to regress the 
number of miles driven against the age of the vehicle for all vehicles under 30 years old.  

                                                 
43  http://nhts.ornl.gov/2001/index.shtml 
44  http://www.census.gov/svsd/www/97vehinv.html 
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The data was weighted using the weight figure included in the two datasets.  The 
regression results are listed below. 
 
Cars: 
 Miles = 13878.8   -   422.2 * age 
(t-stat)   (100.23)      (-28.4)   Adj. R2 = .0334 
  
Light Trucks: 

Miles = 15974.9   -   508.9 * age 
(t-stat)   (110.53)      (-33.17)   Adj. R2 = .0595 
 
Medium Trucks 
 Miles = 26874.5   -   1123.8 * age 
(t-stat)    (50.0)          (-12.9)   Adj. R2 = .0329 
 
Light-Heavy Trucks: 
 Miles = 34204.9   -   1386.8 * age 
(t-stat)     (32.0)         (-8.12)   Adj. R2 = .0272 
 
Heavy-Heavy Trucks: 
 Miles = 91714.3   -   5167.7 * age 
(t-stat)    (168.9)        (-55.4)   Adj. R2 = .1061 
 
As vehicle size increases, the number of miles driven by age 0 vehicles also increases.  
However, the steepness of the age-related drop-off in driving also increases, so that while 
new heavy trucks are driven over 6 times the distance of new cars, the driving drops off 
13 times faster with age.  It should also be mentioned that, although these regressions 
have low R-squares, they are still useful average indicators.  Since we’re dealing with 
vehicle stocks in the aggregate, the individual variation among vehicles is not as 
important as the general relationships—such as the generally observed relationship 
between age and usage. 
 
In the model, these five usage models are applied to each age/size cohort to yield the 
average number of miles driven by each cohort.  This, in turn, is multiplied by the total 
vehicles in each cohort to give the total vehicle-miles per cohort.  Totaling these cohort 
totals yields the total vehicle miles driven in each year. 

C.2.3 Fuel Use and Carbon Emissions 
 
For cars and light trucks, vehicle efficiency is determined using model-year fleet 
averages published by the EPA.45  Each cohort (model year) is assigned the appropriate 
mpg figure provided by the EPA, and is assumed to maintain this efficiency throughout 
its useful life.46  For trucks, limited EPA data led us to turn back to the 1997 VIUS, which 
                                                 
45  http://www.epa.gov/otaq/cert/mpg/fetrends/r03006-a.pdf 
46  While this may or may not be a realistic assumption, we are limited to it by the data available.  There is, 
to our knowledge, however, no published research that shows that efficiency declines with age for vehicles.  
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also contains user-reported mpg figures for most trucks in the survey.  We took the 
average of each model year for each truck weight class.  Unfortunately, the dataset only 
demarcates model years 1988 through 1997, so we were forced to assume that all trucks 
built before 1988 have the 1988 model year efficiency for their weight class and that all 
trucks built after 1997 have the 1997 level of efficiency appropriated to their weight 
class. 
 
Each year, the total vehicle-miles driven by each age/size cohort is divided by these mpg 
figures to yield the gallons of fuel consumed.  For cars, all fuel is assumed to be gasoline 
and for heavy-heavy trucks, all fuel is assumed to be diesel.  For the other three classes, 
the VIUS was again used to determine the average fuel share between diesel and gasoline 
for these weight classes.  It was found that for light trucks, 3.2% of miles driven were 
diesel-fueled, 35% for medium trucks, and 12% for light-heavy trucks.  Using these 
figures, the total number of gallons of gasoline and diesel consumed by each weight class 
could be determined for each year of the model. 
 
These fuel totals were then converted into carbon emission totals.  Each gallon of fuel 
contains .125 MBtu and each MBtu of fuel burned emits 42.8 pounds of carbon for 
gasoline and 44 pounds of carbon for diesel fuel. A cumulative total of these carbon 
emission numbers provides the carbon shadow estimate of the model. 
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Appendix D: Uncertainty and Sensitivity  
 
All analyses like the ones described in the preceding sections are subject to uncertainties 
and are sensitive to underlying assumptions. The current analysis faces one major 
uncertainty associated with the carbon cycle and two major sensitivities to the underlying 
assumptions. There are of course other uncertainties and sensitivities, but these three have 
been set aside in the baseline analysis to clarify the basic story. While other sensitivities 
and uncertainties need to be addressed, these three deserve special mention because they 
have important policy implications. The three are: 
 
1. Uncertainty in our understanding of the carbon cycle. The calculation of a carbon 

budget helps put the carbon shadows in context. However our knowledge is of the 
global carbon cycle is not perfect and one uncertainty in particular has a major impact 
on the stabilization budgets. This is the value for the long-term uptake of carbon 
dioxide by the oceans.  
 

2. Sensitivity to the carbon stabilization goal. The reference analysis was done using a 
concentration of 550 ppmv for a CO2 stabilization goal. This is a frequently used 
target value, simply because it represents a doubling of the pre-industrial 
concentration of carbon dioxide. Performing the analysis for other concentration 
targets shows the sensitivity of the results to the stabilization policy. 
 

3. Sensitivity of coal analyses to the type of coal used to compute carbon emissions. 
Coal is a very non-uniform fuel and assumptions were made about the quality of coal 
that might be burned as part of projecting future emissions. While this is a relatively 
smaller effect than the previous two, it does affect the largest single source of the U.S. 
capital stock carbon shadow. 

 

D.1 Carbon cycle uncertainties and sensitivity to stabilization 
level 
 
Recall that allowable carbon dioxide emissions were calculated based atmospheric 
stabilization targets and assumptions with regard to the behavior of the Earth’s carbon 
cycle.  Least cost pathways to reach stabilization targets were obtained through an 
optimization algorithm with cost curve inputs and the widely used “simple climate 
model” MAGICC which translates carbon dioxide emission inputs into atmospheric 
concentrations over time.  
 
There are a number of uncertainties associated with our understanding of the natural 
carbon cycle. One of the most important, for long-term stabilization trajectories, is the 
one associated with the projected rate of uptake of carbon dioxide by the Earth’s oceans. 
In order to illustrate the impact of these uncertainties on our projected carbon budgets we 



 

 73 

have repeated our calculations using 10%-90% percentile bounds on carbon-cycle uptake 
(Dr. Tom Wigley personal communication; see also Wigley and Raper 2001).  
 
We have also calculated the carbon budgets not only for the 550 ppmv concentration 
target used in the earlier analysis, but also for a much more constrained atmospheric 
concentration target of 450 ppmv and for a more relaxed target of 650 ppmv.  
 
Cumulative carbon emissions in the WRE reference case amount to 500 GtC by 2050 and 
1345 GtC by 2100. These represent the cumulative carbon emissions to the given year if 
no climate policies are in place. In reality, future emissions are not known and could be 
higher or lower than the value given here (IPCC Special Report on Emissions Scenarios, 
Nakicenovic and Swart 2000).  

 
The impact of uncertainty associated with the carbon cycle and the sensitivity to 
stabilization goals on carbon budgets to 2050 and 2100 are summarized in Table D1 and 
figures D1 and D2. Examination of this material suggests two important conclusions. 
 

1.  The uncertainty in the carbon cycle budgets has a larger impact on the carbon 
budgets associated with the lower target concentration (450 ppmv) than the 
corresponding values for 550 and 650 ppmv.  
  

2. From the perspective of science impacting policy, eliminating the possibility that 
the ocean uptake is lower than the current best estimate in carbon cycle models 
has a great impact on the flexibility policy makes may have in meeting any 
particular stabilization target. 

 Stabilization 
at 650 ppmv 

Stabilization 
at 550 ppmv 

Stabilization 
at 450 ppmv 

Reference 
case 

Global carbon 
budget to 2050 

(GtC) 
505 460 373 500 

Uncertainty range 
(GtC) 451 – 515 423 – 463 311 – 397  

Global carbon 
budget to 2100 

(GtC) 
1089 870 579 1345 

Uncertainty range 
(GtC) 815 -1 176 663 – 973 331 - 655  

Table D1. The carbon budget, assumptions and uncertainties 
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Figure D1. The global carbon budgets of cumulatively allowable carbon emissions (GtC) through 
2050 and their uncertainties due to various assumptions on carbon uptake by carbon cycling 
calculated based on least cost emission trajectories. 
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Figure D2. The global carbon budgets of cumulatively allowable carbon emissions (GtC) through 
2100 and their uncertainties due to various assumptions on carbon uptake by carbon cycling 
calculated based on least cost emission trajectories. 
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Choosing Price or Quantity Controls for Greenhouse Gases

William Pizer, Resources for the Future

I. Introduction

Much of the debate surrounding climate change has centered on verifying the threat of
climate change and deciding the magnitude of an appropriate response.  After years of
negotiation, this effort led to the 1997 signing of the Kyoto Protocol, a binding
commitment by industrialized countries to reduce their emissions of carbon dioxide to
slightly below 1990 recorded levels.  Without approving or disapproving of the response
effort embodied in the Kyoto Protocol, I believe that an important element has been
ignored.  Namely, should we specify our response to climate change in terms of a
quantitative target?

The appeal of a quantitative target is obvious.  A commitment to a particular emissions
level provides a straightforward measure of environmental progress as well as
compliance.  Commitment to an emissions tax, for example, offers neither a guarantee
that emissions will be limited to a certain level nor an obvious way to measure a
country’s compliance (when other taxes and subsidies already exist).  Yet, it is precisely
this concern which points to an important observation.

Quantity targets guarantee a fixed level of emissions.  Emission taxes guarantee a fixed
financial incentive to reduce emissions.  Both can be set at either aggressive or modest
levels.  Aside from the appeal of the known and verifiable emissions levels that quantity
targets can ensure, might there be other important differences between price and quantity
controls?

Economists would say yes.  With uncertain outcomes and policies that are fixed for many
years, it is important to carefully consider both the costs and benefits of alternate price
and quantity controls in order to judge which is best.   My own analysis of the two
approaches indicates that price-based greenhouse gas (GHG) controls are much more
desirable than quantity targets, taking into account both the potential long-term damages
of climate change and the costs of GHG control.  This can be argued on the basis of both
theory and numerical simulations.  Based on the latter, I find that price mechanisms
produce expected net gains five times higher than even the most favorably designed
quantity target.

To explain this conclusion, I first characterize the differences between price and quantity
controls for GHGs.  I then present both theoretical and empirical evidence that price-
based controls are preferable to quantity targets based on these differences.  Finally, I
discuss how price controls can be implemented without a general carbon tax.  This last
point is particularly salient for the United States, where taxes are generally unpopular.
The "safety valve," as it is often called, involves a cap-and-trade GHG system
accompanied by a specified fee or penalty for emissions beyond the initial cap.
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II. How do quantity- and price-based mechanisms work?

A quantity mechanism—usually referred to as a permit or cap-and-trade system—works
by first requiring individuals to obtain a permit for each ton of carbon dioxide they emit,
and then limiting the number of permits to a fixed level.1  This permit requirement could
be imposed on the individuals who actually release carbon dioxide into the atmosphere
by burning coal, petroleum products, or natural gas.  However, unlike emissions of
conventional pollutants which depend on a variety of other factors, carbon dioxide
emissions can be determined very accurately by the volume of fuel being used.  Rather
than requiring users of fossil fuels to obtain permits, we could therefore require
producers to obtain the same permits.  This has the advantage of involving far fewer
individuals in the regulatory process, thereby reducing both monitoring and enforcement
costs (see the papers by Carolyn Fischer, Suzi Kerr and Michael Toman in Further
Readings).  This type of system has been used with considerable success in the United
States to regulate both sulfur dioxide and lead.

A key element in a permit system is that individuals are free to buy and sell existing
permits in an effort to obtain the lowest cost of compliance for themselves, in turn
leading to the lowest cost of compliance for society.  In particular, when individuals
observe a market price for permits, those that can reduce emissions more cheaply will do
so in order to either sell excess permits or avoid having to buy additional ones.  Similarly,
those who face higher reduction costs will avoid reductions by either buying permits or
keeping those they already possess.  In this way, total emissions will exactly equal the
number of permits while only the cheapest reductions are undertaken.

A price mechanism—usually referred to as a carbon tax or emissions fee—requires the
payment of a fixed fee for every ton of CO2 emitted.  Like the permit system, this fee
could be levied upstream on fossil fuel producers or downstream on fossil fuel
consumers.  Either way, we associate a positive cost with emissions of CO2 and create a
fixed monetary incentive to reduce emissions.  Such price-based systems have been used
in Europe to regulate a wide range of pollutants (although the focus is usually revenue
generation rather than substantial emissions reductions).

Like a tradable permit system, price mechanisms are cost-effective.  Only those emitters
who can reduce emissions at a cost below the fixed fee or tax will choose to do so.  Since
only the cheapest reductions are undertaken, we are guaranteed that the resulting
emission level is obtained at the lowest possible cost.

The important distinction between these two systems is how they adjust when costs
change unexpectedly.  A quantity or permit system adjusts by allowing the permit price
to rise or fall while holding the emissions level constant.  A price or tax system adjusts by
allowing the level of total emissions to rise or fall while holding the price associated with

                                                
1 Here and throughout this brief, we discuss policies designed to limit carbon dioxide emissions from fossil
fuel sources.  These emissions constitute the bulk of GHG emissions and are the general focus of most
policy discussions.  Regardless, the arguments made in this context apply equally well to the regulation of
GHG emissions more broadly defined.
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emissions constant.  Ignoring uncertainty and assuming we know the costs of controlling
CO2, both policies can be used with the same results.  Consider the following example:

Suppose we know that with a comprehensive domestic CO2 trading system in place in the
United States by the year 2010, a permit volume of 1.2 gigatons of carbon equivalent
emissions (GtC) will lead to a $100 permit price per ton of carbon.  (1998 US emissions
of carbon from fossil fuels are estimated at 1.5 GtC.)  In other words, faced with a price
incentive of $100 per ton to reduce emissions, regulated firms in the United States will
find ways to reduce emissions to 1.2 GtC.  Therefore, the same outcome can be obtained
by imposing a $100 per ton carbon tax.

III. Uncertainty about costs

In reality, we have only a vague idea about the permit price that would occur with
emissions of 1.2 GtC or any other emission target.  There are three reasons why such
costs are hard to pin down.  First, little evidence exists concerning reduction costs.  There
are no recent examples of carbon reductions on a substantial scale from which to base
estimates.  In the 1970's, energy prices doubled and encouraged increased energy
efficiency, but these events occurred both in a context of considerable uncertainty about
the future and alongside many other confounding factors (such as increased
environmental regulation).  Alternatively, engineering studies provide a bottom up
approach to estimating costs.  However, comparisons of past engineering forecasts to
actual implementation costs suggest that they are inaccurate at best (see work by Winston
Harrington and Richard Morgenstern under Further Readings).

A second source of uncertainty arises because we need to forecast compliance costs in the
future.  This involves difficult predictions about the evolution of new technologies.
Proponents of aggressive policy argue that reductions will be cheap as new low-carbon or
carbon-free energy technologies become available.  Proponents of more modest policies
argue that these are unproven, pie-in-the-sky technologies that may never be practical.

Finally, it is impossible to know how uncontrolled emission levels will change in the
future.  That is, to achieve 1990 emission levels in 2010, it is unclear whether reductions
of 5, 25 or even 50% will be necessary.  The Intergovernmental Panel on Climate Change
(IPCC), the international agency charged with studying climate change, gives a range of
six possible global emission scenarios in the year 2010 that include a low of 9 GtC and a
high of 13 GtC.  My own simulations suggest a broader possible range, from 7 to 18 GtC.

The low end of both ranges reflects the possibility that population and economic growth
may slow in the future and the energy intensity of production may fall.  The high end
reflects the opposite possibility, that growth is high and energy intensity rises.  Figure 1
shows the distribution of uncontrolled emissions arising from my simulations of one
thousand possible outcomes in 2010 alongside the six IPCC scenarios.  (For details on the
modeling, see paper by Pizer in Further Readings.)
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In summary, there are two important reasons why we have only vague ideas about the
cost of alternative emission targets.  First, there is little historic evidence on costs.
Second, as we examine policies ten or more years in the future, it is unclear how both
baseline emissions and available technologies will change between now and then.  From
the preceding figure, global emissions could be anywhere from 7 to 18 GtC in 2010.  The
cost associated with a 8.5 GtC (1990 level) target will be uncertain both because the
necessary reduction is uncertain—somewhere between zero and 10 GtC—and because
even knowing the reduction level, costs are difficult to estimate.

IV. Effects of price and quantity controls with cost uncertainty

When the cost of a particular emission target is uncertain, price and quantity controls will
have distinctly different consequences for the actual level of emissions as well as the
overall cost of a climate policy.  Even if both policies are designed to deliver the same
results under a best guess scenario, they will necessarily behave differently when control
costs deviate from this best guess.  These differences arise because a price policy
provides a fixed $/ton incentive regardless of the emission level, while a quantity policy
generates whatever incentive is necessary in order to strictly limit emissions to a
specified level.

Figure 2 illustrates these differences by showing the emission consequences in 2010
associated with two policies that are roughly equivalent under a best-guess scenario:  a
quantity target of 8.5 GtC and a carbon tax of $80 per ton.  Using the same one thousand
emission scenarios shown in Figure 1, simulations are used to calculate the effect of these
two policies for each outcome.  With a carbon tax, the left panel indicates that emissions
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Figure 1: Distribution of Emissions in 2010
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are below 8.5 GtC in over 75% of the outcomes.  In other words, on average the carbon
tax achieves more reductions than a quantity target of 8.5 GtC.  Sometimes, the
reductions are much more:  note that emissions may be as low as 3 GtC.  Yet, the carbon
tax fails to guarantee that emissions will always be below any particular threshold.

The quantity target, in contrast, never results in emission levels above 8.5 GtC.  Since
some emission outcomes in the absence of controls were rather high, on the order of 18
GtC, we would expect that the cost of this policy could be quite high.  At the other
extreme, the quantity policy could be costless if uncontrolled emissions are unexpectedly
low.

This suggests that the cost associated with quantity controls will be high or low
depending on future reduction costs as well as the future level of uncontrolled emissions.
In contrast, price controls create a fixed incentive to reduce each ton of carbon dioxide
regardless of the uncontrolled emission level.  Therefore, costs under a carbon tax should
fluctuate much less than costs under a quantity control.

With this distinction in mind, Figure 3 shows the estimated cost consequences of both
policies.  The range of costs associated with the quantity target is quite wide as we
suspected. The estimates extend from zero to 2.2% of global gross domestic product
(GDP).  That is almost four times higher than the highest cost outcome under the carbon
tax.  In fact, the cost associated with emission reductions under a carbon tax are
concentrated entirely in the range 0.2% to 0.6% of GDP.  Since the carbon tax always
applies the same per ton incentive to reduce emissions, the cost outcomes are more
narrowly distributed than those occurring under a quantity target.
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Figure 2: Effect of Price and Quantity Controls on Emissions in 2010
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V. Choosing between price and quantity controls

So far the discussion has been limited to the different emission and cost consequences of
alternative price and quantity controls.  Choosing between them, as well as choosing the
appropriate stringency of either policy, requires making judgments about climate change
consequences as well as control costs.  In order to help us understand when one policy
instrument will likely be preferred to the other, it is useful to consider two extreme cases.

First, imagine that there is a known climate change threshold.  When carbon dioxide
emissions are below this threshold, the consequences are negligible.  Above this
threshold, however, damages are potentially catastrophic.  For example, research suggests
that the process by which carbon dioxide is absorbed at the surface of the oceans and
circulated downward could change dramatically under certain circumstances (see article
by Broecker listed in Further Readings).  If we further believe that these changes will
have severe consequences and we can identify a safe emission threshold for avoiding
them, then quantity controls seem preferable.  Quantity controls can be used to avoid
crossing the threshold and, in this case, large expenditures in order to meet the target are
justified by the dire consequences of missing it.

Now, imagine instead that every ton of carbon dioxide emitted causes the same
incremental amount of damage.  These damages might be very high or low, but the key is
that each ton of emissions is just as bad as the next.  Such a scenario is also plausible, as
indicated by a survey of experts including both natural and social scientists who do
research on global warming.  Their beliefs suggest that the damage caused by each ton of
emitted CO2 may be quite high but that there is no threshold:  damages are essentially
proportional to emissions.  Each additional ton is equally damaging, whether it is the first
ton emitted or the last (Tim Roughgarden and Steven Schneider discuss this survey,
originally conducted by William Nordhaus; see Further Readings for both references).

In this case, it makes sense to use a price instrument.  Specifically, a carbon tax equal to
the damage per ton of CO2 will lead to exactly the right balance between the cost of
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Figure 3: Distribution of 2010 Costs associated with Price and Quantity Controls
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reducing emissions and the resulting benefits of less global warming.  Every time a firm
decides to emit CO2, it will be confronted with an added financial burden equal to the
resulting damage.  This will lead to reduction efforts as well as investments in new
technology that are commensurate with the alternative of climate change damage.  In this
scenario, little emphasis is placed on reaching a particular emission target because there
is no obvious quantity target to choose.  This argument applies even if we are uncertain
about the magnitude of climate damage per unit of CO2.

VI. Arguments for Price Policies

Given this characterization of circumstances under which alternative price and quantity
mechanisms are preferred, we can now make the argument for price controls.  This
argument hinges on two basic points.  The first point is that climate change consequences
generally depend on the stock of greenhouse gases in the atmosphere, rather than annual
emissions.  Greenhouse gases emitted today may remain in the atmosphere for hundreds
of years.  It is not the level of annual emissions that matters for climate change, but rather
the total amount of carbon dioxide and other greenhouse gases that have accumulated in
the atmosphere.  The second point is that while scientists continue to argue over a wide
range of climate change consequences, few advocate an immediate halt to further
emission.  For example, the most aggressive stabilization target discussed by the IPCC is
450 ppm (roughly 1035 GtC), a level that we will not reach before 2030 even in the
absence of emission controls (see the Technical Summary provided in the IPCC report
listed in Further Readings).

If only the stock of atmospheric GHGs matters for climate change, and if experts agree
that the stock will grow at least in the immediate future, there is virtually no rationale for
quantity controls (for further discussion see my paper with Richard Newell in Further
Readings).  The fact that only the stock matters should first draw our attention away from
short-term quantity controls for emissions and toward long-term quantity controls for the
stock.  It cannot matter whether a ton of CO2 is emitted this year, next year or ten years in
the future if all we care about is the total amount in the atmosphere.  Taking the next step
and presuming that the stock will grow over the next few decades, this suggests that there
is some room to rearrange emissions over time and that a short-term quantity control on
emissions is unnecessary.

Quantity controls derive their desirability from situations where strict limits are
important, when dire consequences occur beyond a certain threshold.  Such policies trade
off lower expected costs in favor of strict control of emissions in all possible outcomes.
However, under the assumption that it is acceptable to allow the stock of greenhouse
gases to grow in the interim, there is no advantage to such strict control.  We give up the
flexible response of price controls without the benefit of an avoided catastrophe.

Even for those who believe the consequences of global warming will be dire and that
current emission targets are not aggressive enough, price policies are still better.  An
aggressive policy designed to eventually stabilize the stock does not demand a strict limit
on emissions before stabilization becomes necessary.  Additional emissions this year are
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no worse than emissions next year.  Why not abate more when costs are low and less
when costs are high—exactly the outcome under a price mechanism?  When we
eventually move closer to a point where the stock must be stabilized, a switch to quantity
controls will be appropriate.

In addition to these theoretical arguments, one can also turn to integrated assessment
models for support.  To this end, I have constructed an integrated model of the world
economy and climate based on the DICE model developed by William Nordhaus.  In
contrast to the DICE model, I simultaneously incorporate uncertainty about everything
from growth in population and energy efficiency to the cost of emission reductions, to the
sensitivity of the environment to atmospheric CO2 and the damages arising from global
warming.

The results of these simulations indicate the price-based mechanisms can generate overall
economic gains (expected benefits minus expected costs) that are five times higher than
even the most prudent quantity-based mechanism.  These results are robust.  Even
allowing for catastrophic damages beyond three degrees centigrade of warming, price
mechanisms continue to perform better.  This robustness can be explained in two ways.
First, the catastrophe, if it exists, lies in the future.  Before we reach that point, it is
desirable to have some flexibility in emission reductions.  Specifically, one will want to
delay those reductions if the costs are unexpectedly high in the short run, provided those
reductions can be obtained more cheaply in the future but before the catastrophe.

Second, unlike the earlier, stylized description where climate consequences depend
directly on CO2 concentrations, in this model damages instead depend on temperature
change.  In reality, damages probably depend on an even more complex climatic
response.  Either way, the link between CO2 emissions, concentrations, temperature
change and other climatic effects are not precisely known.  Therefore, a quantity control
on emissions is not equivalent a quantity control on climate change.  Both price and
quantity controls will lead to uncertain climate consequences.  Therefore the advantage of
the quantity control—namely its ability to avoid with certainty the threat of climate
catastrophe—is substantially weakened.

VII. Combined price and quantity mechanisms

Even if a carbon tax is preferable to a cap-and-trade approach in terms of social costs and
benefits, this policy obviously faces steep political opposition in the United States.
Businesses oppose carbon taxes because of the transfer of revenue to the government.
Under a permit system there is a hope that some, if not all, permits would be given away
for free.  Environmental groups oppose carbon taxes for an entirely different reason:  they
are unsatisfied with the prospect that a carbon tax, unlike a permit system, fails to
guarantee a particular emission level.  Such antagonism from both sides of the debate
makes it unlikely that a carbon tax will become part of the US response to the Kyoto
protocol.
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However, the advantages of a carbon tax can be achieved without the baggage
accompanying an actual tax.  In particular, a combined mechanism—often referred to as
a hybrid or “safety-valve”—can obtain the economic advantages of a tax while
preserving at least some of the political advantages of a permit system (other concerns
about the revenue aspects of different policies have been discussed by Ian Parry; see
Further Readings).

In such a scheme, the government first distributes a fixed number of tradable permits
either freely, by auction, or both.  The government then provides additional permits to
anyone willing to pay a fixed ceiling or "trigger" price.  The initial distribution of permits
allows the government the flexibility to give away a portion of the right to emit CO2,
thereby satisfying concerns of businesses about government revenue increases.  The sale
of additional permits at a fixed price then gives the permit system the same compliance
flexibility associated with a carbon tax.

With a combined price/quantity mechanism, it will be necessary to consider how both the
trigger price and the quantity target should evolve over time.  One possibility is to raise
the trigger price over time in order to guarantee that the quantity target is eventually
reached.  A second possibility is to carefully choose future trigger prices as a measure of
how much we are willing to pay to limit climate change.  As we learn more about the
costs of future emission reductions, however, this distinction between price and quantity
controls will diminish.  That is, once uncertainty about future compliance costs is reduced
through experience, price and quantity controls can be used to obtain similar cost and
emission outcomes.

Operationally, there are potential problems when this safety valve is used in conjunction
with international emissions trading, as the Kyoto Protocol allows. In general, there
would be a need for either harmonization of the trigger price across countries, or
restrictions on the sale of permits from those countries with low trigger prices.
Otherwise, there would be an incentive for countries with a low trigger price to simply
print and export permits to countries with higher permit prices.  This would not only
effectively create low trigger prices everywhere, it would also create large international
capital flows to the governments of countries with the low trigger prices.

Instead of harmonizing trigger prices, we could alternately set the trigger price low
enough to avoid the need for international GHG trades.  This may be a desirable end in
light of concerns about the indirect economic consequences of large volumes of
international GHG trade flows (this point has been made by Warwick McKibbin and
Peter Wilcoxen; see Further Readings).

Finally, if we find it desirable to raise the trigger price rapidly, it will be necessary to
limit the possibility that permits can be purchased now and held for long periods of time.
Otherwise, there will be a strong incentive to buy large volumes of cheap permits now in
order to sell them at high prices in the future.  This problem is easily addressed by
assigning an expiration date for permits as they are issued, for perhaps one or two years
in the future.
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VIII. Building domestic and international support for a price-based approach

While the safety valve approach is potentially appealing to businesses concerned about
the uncertainty surrounding future permit prices, environmental groups will be wary of
giving up the commitment to a fixed emission target.  Such a commitment is already an
integral part of the Kyoto Protocol.  Ultimately, however, a strict target policy may lack
political credibility and viability. Although a low trigger price would clearly rankle
environmentalists as an undesirable loosening of the commitment to reduce emissions, a
higher trigger price could allay those fears while still providing insurance against high
costs.

Perhaps more controversial than the concept of a safety valve is the fact that a hybrid
policy requires setting a trigger price.  It extends the debate over targets and timetables to
include, based on the trigger price, perceived benefits.  Business interests will
undoubtedly seek a low trigger price and environmental groups a high trigger price.  I
believe this is desirable.  The debate will focus on the source of disagreement between
different groups:  namely, the value placed on reduced emissions.  Rather than leaning on
rhetoric that casts reduction commitments as either the source of the next global recession
(according to businesses) or the costless ushering in of a new age of cheaper and more
energy efficient living (according to environmentalists), it will be necessary to decide
how much we are realistically willing to spend in order to deal with the problem.

While seemingly provocative in its challenge of the core concept of targets and
timetables embedded in the Kyoto protocol, some form of the safety valve idea is already
part of many countries' notion of their Kyoto commitments.  European countries who are
likely to implement carbon taxes must have some view as to how they will handle target
violations if their tax proposals fail to sufficiently reduce emissions before the end of the
first commitment period.  Other countries who are considering either a quantity or
command-and-control approach likewise must envision a way out if their actual costs
begin to surpass their political will to reduce emissions.

Among the many “implicit safety valve” possibilities, one could imagine a more flexible
interpretation of existing provisions, such as the Clean Development Mechanism or the
use of carbon sinks.  Alternatively, Article 27 specifies that parties can withdraw from the
Protocol by giving notice one year in advance.  A country that foresaw difficulty in
meeting its target in the first commitment period could serve notice that it wishes to
withdraw before the commitment period ends.

Implicitly, therefore, flexibility in meeting current commitments already exists.
Countries can choose to massage their commitments using existing provisions, violate
their targets and risk penalties (which have yet to be defined) or simply withdraw.  In
these cases, however, the outcome and consequence are unclear.  The advantage of a
price mechanism is that it makes the safety valve concept explicit and transparent.
Establishing a price trigger for additional emissions allows countries, and in turn private
economic decision-makers, to approach their reduction commitments with greater
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certainty about the future.  This not only improves the credibility of the Protocol but also
its prospects for future success in reducing GHG emissions.

IX. Conclusions

The considerable uncertainty surrounding the cost of international GHG emission targets
means that price- and quantity-based policy instruments cannot be viewed as alternative
mechanisms for obtaining the same outcome.  Price mechanisms will lead to uncertain
emission consequences and quantity mechanisms will lead to uncertain cost
consequences.  Economic theory as well as numerical simulations indicate that the price
approach is preferable for GHG control, generating five times the net expected benefit
associated with even the most prudent quantity control.  The essence of this result is that
a rigid quantity target over the next decade is indefensible at high costs when the stock of
GHGs is allowed to increase over the same horizon.

Importantly, a price mechanism need not take the form of carbon tax.  The key feature of
the price policy is its ability to relax the stringency of the target if control costs turn out to
be higher than expected.  Such a feature can be implemented in conjunction with a
quantity-based mechanism as a "safety valve."  A quantity target is still set but with the
understanding that additional emissions (beyond the target) will be permitted only if the
regulated entities are willing to pay an agreed upon trigger price.

This approach can improve the credibility of the Protocol and its prospects for successful
GHG emission reductions.  This last point is particularly relevant for ongoing climate
negotiations.  Should the emission incentives and consequences remain ambiguous and
uncertain, or should they be made explicit and transparent?  Specifying a price at which
additional, above-target emissions rights can be purchased provides such a transparent
incentive.  The current approach does not.  While ambiguity may prove to be the easier
negotiating route, it may also be a disincentive for true action.
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Executive Summary

Where U.S. Energy Policy is concerned, African Americans are proverbial canaries in the
mineshaft. We are on the frontline of the likely social, environmental, and economic
upheaval resulting from climate change.  As a consequence, energy policy and climate
change are issues of fundamental importance to the African American community. The
inadequacy of current U.S. energy policy generates a range of adverse environmental and
economic impacts. This report for the Congressional Black Caucus examines the
relationship between energy policy, climate change, and African Americans in order to
inform the growing policy discussion.

The fundamental conclusion of this report is that there is a stark disparity in the United
States between those who benefit from the causes of climate change and those who bear
the costs of climate change. The basic findings of this report are threefold:

1) African Americans are already disproportionately burdened by the health effects of
climate change, including deaths during heat waves and from worsened air pollution.
Similarly, unemployment and economic hardship associated with climate change will
fall most heavily on the African American community.

2) African Americans are less responsible for climate change than other Americans.
Both historically and at present, African Americans emit less greenhouse gas.

3) Policies intended to mitigate climate change can generate large health and economic
benefits or costs for African Americans, depending on how they are structured.

Unless appropriate actions are taken to mitigate its effects or adapt to them, climate
change will worsen existing equity issues within the United States.

1) African Americans Disproportionately Bear the Effects of Climate Change

Health Effects:
It is clear that African Americans will disproportionately bear the substantial public health
burden caused by climate change. Health effects will include the degradation of air quality,
deaths from heat waves and extreme weather events, and the spread of infectious diseases.
Globally, climate change already causes an estimated 160,000 deaths annually, and this
number will only worsen as the rate of change increases over the coming decades.

Air pollution is already divided down racial lines in this country, with over seventy percent
of African Americans living in counties in violation of federal air pollution standards. The
number of people affected will increase as the higher temperatures of global warming are
expected to further degrade air quality through increased ozone formation. In every single
one of the 44 major metropolitan areas in the U.S., Blacks are more likely than Whites to be
exposed to higher air toxics concentrations. Partially as a consequence of this disparity,
African Americans are nearly three times as likely to be hospitalized or killed by asthma as
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whites, with climate change expected to increase the incidence of asthma in the general
population.

Similarly, at present, African Americans are at a greater risk of dieing during extreme heat
events. The most direct health effect of climate change will be intensifying heat waves that
selectively impact poor and urban populations. Future heat waves will be most lethal in the
inner cities of the northern half of the country, such as New York City, Detroit, Chicago, and
Philadelphia, where many African American communities are located.

African Americans may also be disproportionately impacted by the increased prevalence of
extreme weather events and the spread of infectious diseases, such as malaria and dengue
fever, primarily in Southern states. More importantly, the possibility of catastrophic climate
change outlined in a recent Department of Defense study may have severe impacts on
weather and human lives, with resulting resource shortages engendering military conflict. All
of these problems are compounded by the fact that Blacks are 50% more likely than non-
Blacks to be uninsured.

Economic Effects:
African American workers are likely to be laid off disproportionately due to the economic
instability caused by climate change. In general, economic transitions strike hardest at those
without resources or savings to adapt. In the United States, drought, sea level rise, and the
higher temperatures associated with global warming may have sizeable impacts on several
economic sectors including agriculture, insurance, and buildings and infrastructure.
Generally, Southern states fare most poorly in economic modeling of the effects of climate
change. Globally, climate change is likely to cause damages in excess of $600 billion per
year, with particularly negative effects in Africa. Similarly, the health and environmental
effects of climate change will incur substantial costs for the African American community.

While many of these figures have appeared elsewhere in the scientific literature, this is the
first time that the impacts of climate change have been assessed specifically for the African
American community. The synthesis indicates that there is a substantial equity issue in the
unequal distribution of the impacts of climate change.

2) African Americans Are Less Responsible for Climate Change

In contrast to the burden of climate change, responsibility for the problem does not lie
primarily with African Americans. African American households emit twenty percent less
carbon dioxide than white households. Historically, this difference was even higher. Despite
emitting less greenhouse gas, African American families are more vulnerable to shifts in the
prices of fossil fuels. African Americans spend a significantly higher fraction of their
expenditures on direct energy purchases than non-African Americans across every income
decile. As a consequence, African Americans dedicate a much higher share of expenditures
to energy purchases. Additionally, African Americans are more than twice as likely to live in
poverty: the group most impacted by energy prices. Increases in the price of energy will
negatively affect African Americans more significantly than the general population.
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These novel findings were estimated by combining modeling of consumer expenditures on
both direct energy purchases  (gasoline, natural gas, electricity, etc.) and purchases of
embedded energy (the energy used to produce other goods such as food or clothing), with an
input-output analysis of the carbon intensity of the U.S. economy.

3) Well Crafted Energy Policies Can Protect African American Health and
Employment

African Americans will be directly affected by climate policies in three basic ways:

Reduced Pollution:
First, the African American community will disproportionately benefit from climate policies
that slow climate change or reduce ancillary pollutants such as criteria air pollutants.
Reducing emissions to fifteen percent below 1990 levels would mitigate these health effects
of climate change, while concomitantly decreasing air pollution related mortality, saving an
estimated 10,000 African American lives per year by 2020. The heat-related and extreme
weather deaths outlined in Chapter One will be mitigated by a concerted effort to address
climate change.

Energy Prices:
Second, African Americans will be disproportionately helped or harmed by the effects of
climate policies on the price of energy. As Chapter Two rigorously documents, African
Americans dedicate roughly a 25% greater share of income to energy and energy-related
goods. Poorly designed climate policies will most directly harm African American families.
Such policies include those that suddenly increase the price of energy but do not raise
revenue and recycle it in a progressive manner, or fail to promote clean energy technologies.
In contrast, properly designed energy policies can create large net benefits for African
Americans. When the revenue from carbon charges is used to offset distortionary taxes, such
as payroll taxes, dramatic employment benefits can be reaped across the nation. Several
studies find net job creation from climate policies on the order of 800,000 to 1,400,000 jobs.
Based on historic hiring patterns, this increase in employment will disproportionately profit
African Americans.

Fossil Fuel Dependence:
Third, African Americans will significantly benefit from transitioning the economy away
from fossil fuel consumption. Currently, energy prices, and oil prices in particular, have
undue influence on the general state of the economy and employment. Nine of the last ten
recessions have been preceded by periods of rising oil prices. During such periods of
economic downturn African Americans are far more negatively affected in terms of
employment and wages than other Americans, with the unemployment rate for Blacks
hovering around twice the unemployment rates for Whites. Shifting away from fossil fuels to
renewable sources will reduce this vulnerability. Moreover, renewable energy sources are
significantly more labor intensive than the highly-automated fossil fuel energy sector.
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Replacing coal and oil with renewable energy or energy efficiency will likely increase
overall employment levels in the energy industry per unit of production.

A number of policies exist that either intentionally or unintentionally affect climate and
energy use in the United States. Policies specifically considered in this report include many
outlined in current and proposed energy legislation, including:

• Appliance efficiency standards,
• Exploration of the Arctic National Wildlife Refuge,
• CAFÉ standards,
• Ethanol promotion,
• An array of fossil fuel tax incentives,
• Several hydrogen energy initiatives,
• LIHEAP and Weatherization Assistance,
• Modifications to New Source Review,
• Nuclear energy promotion (in S.2095)
• Various incentives for renewable energy (e.g. S.2095),
• Renewable portfolios,
• The Climate Stewardship Act (S.139),
• Multi-Pollutant Power Plant Legislation (e.g. S. 366, S. 485, H.R. 999, S. 843)

Summary
The Congressional Black Caucus Foundation and Redefining Progress see this report as
an important contribution to the energy and climate policy dialogue. Equity is a critical,
and often neglected, concern for energy policy debate. We clearly document that African
Americans are less responsible for, and disproportionately burdened by, the health and
economic effects of climate change.  African Americans are also most likely to bear the
brunt of poorly structured energy policy. We are hardest hit by the impacts of climate
change, and have the most to gain from the policies that promote more efficient
technologies and lower overall energy costs.

The benefits of reducing carbon emissions such as lower air pollution, new jobs and
reduced oil imports would help all Americans, and particularly African Americans.
Policies that reduce carbon dioxide emissions can also lower emissions of other
pollutants including particulates, ozone, nitrogen and sulfur oxides. These reductions
would create major health benefits, particularly for urban African American
communities.

While the impacts of climate change are global, the effects are not spread evenly across
the world. Instead, climate change is likely to have different impacts on people of
different socioeconomic and racial groups. It is important to determine the distribution of
these costs and benefits in order to create fair and responsive climate policy.

African Americans, who have contributed the least to climate change and stand to gain
the most from mitigation, are least able to bear the burden of poorly designed policies.
African Americans would benefit most from policies that reduce energy consumption and
improve energy efficiency. Because African Americans spend a larger share of income
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on energy purchases, policies that increase the price of energy disproportionately harm
our communities if they do not recycle revenues. Conversely, policies that reduce energy
consumption, such as energy efficiency standards and home weatherization programs will
provide disproportionate benefits to African Americans.

We must be in the forefront of the effort to advance energy policies that address the
complex array of issues and problems associated with climate change. In pursuing a
comprehensive energy strategy, the most important elements include further reducing the
air pollution harming our communities, decreasing America’s dangerous addition to
fossil fuels, and offsetting the regressive effects with fair, efficient, and equitable
solutions.



7

Table of Contents

Executive Summary ...................................................................................................... 1
Table of Contents .......................................................................................................... 7
Acknowledgments ......................................................................................................... 9
Chapter One: The Health and Economic Impacts of Climate Change on African-
Americans.................................................................................................................... 10

Chapter Findings: ...................................................................................................... 10
Background – An Introduction to Climate Change .................................................... 13
Section One: Health and Climate Change .................................................................. 16

Climate Change and Heat Deaths........................................................................... 19
Climate Change and the Health Effects of Extreme Weather Events ...................... 25
Climate Change and Health Effects from Air Pollution.......................................... 29
Climate Change and Water- and Vector-Borne Disease ......................................... 42

Section Two: Economics and Climate Change........................................................... 45
Introduction........................................................................................................... 45
Estimates of the Economic Damages from Climate Change................................... 45
Effects on the United States................................................................................... 45
The Pivotal Role of Agriculture............................................................................. 47
The Role of Catastrophe ........................................................................................ 48
Forests................................................................................................................... 49
Insurance............................................................................................................... 50
Sea Level Rise....................................................................................................... 51
Changing Precipitation and Water Flows ............................................................... 51
Economic Effects on African Americans ............................................................... 52

Chapter One References ............................................................................................ 53
Chapter Two:  The Greenhouse Gas Footprint of African-Americans .................... 64

Chapter Findings: ...................................................................................................... 64
Introduction............................................................................................................... 66

Purpose and Outline .............................................................................................. 66
Methodology ......................................................................................................... 67

Analysis .................................................................................................................... 68
Cumulative and Average Emissions by Race ......................................................... 68
Average Emissions by Income Group.................................................................... 70
Average Emissions by Race and Region................................................................ 75
Average Emissions by Race and Urbanization ....................................................... 77

Chapter Three: An Analysis of Energy and Climate Change Policy Proposals ....... 80
Chapter Findings: ...................................................................................................... 80
Introduction............................................................................................................... 81
Section One: The Economic and Health Effects of Climate Policy on African
Americans ................................................................................................................. 82

Health Benefits of Climate Policies to African Americans ..................................... 82
Economic Effects of Climate Policy on African Americans ................................... 83
An Optimal Climate Policy for African Americans................................................ 90

Section Two: Policy Overview .................................................................................. 92
Appliance Efficiency Standards............................................................................. 94



8

Arctic National Wildlife Refuge Oil Exploration ................................................... 96
Corporate Average Fuel Economy (CAFE) Standards ........................................... 99
Ethanol Promotion............................................................................................... 102
Fossil Fuel Industry Tax Incentives ..................................................................... 104
Hydrogen Promotion ........................................................................................... 107
LIHEAP and WAP .............................................................................................. 110
New Source Review Modifications...................................................................... 112
Nuclear Industry Promotion................................................................................. 114
Renewable Tax Incentives ................................................................................... 118
Renewable Portfolios........................................................................................... 121
The Climate Stewardship Act .............................................................................. 123
Multi-pollutant Power Plant Legislation .............................................................. 125

Chapter Three References: ...................................................................................... 129
Appendix A: The Economists' Statement on Climate Change ................................ 136
Appendix B: Discussion of Market Mechanisms ..................................................... 137

Efficiency................................................................................................................ 138
Information requirements and transaction costs ....................................................... 138
Set emission reduction and regulatory burden limits ................................................ 139
Local impacts .......................................................................................................... 139
Windfall profits ....................................................................................................... 139
Revenue recycling................................................................................................... 140
Technology promotion ............................................................................................ 140



9

 Acknowledgments

A Report Prepared for the Congressional Black Caucus Foundation

Redefining Progress
1904 Franklin Street, Suite 600
Oakland, California 93612

Spring, 2004

Principal Authors:
Matthew Elliott
Maggie Winslow
Andrew Hoerner

Contributors:
Michele Mattingly
Jan Mutl
Ansje Miller
Paige Brown
Felicia Davis
Calanit Saenger
Michel Gelobter



10

Chapter One: The Health and Economic Impacts of
Climate Change on African-Americans

Chapter Findings:

Section 1: African American Health and Climate Change
African Americans will disproportionately bear the substantial public health burden
caused by climate change.

Heat Waves and Climate Change
Heat-related deaths will disproportionately come from the African American community:
Due to global warming, the frequency and the intensity of heat waves are both rising.
Incidents like the 2003 heat wave that struck Europe causing upwards of 20,000 deaths
will only become more common.

1) Heat waves are most deadly in temperate urban areas like New York City,
Detroit, Chicago, and Philadelphia, where heat-related mortality is expected to
triple. African Americans are significantly more than twice as likely to live in
such urban areas.

2) In addition, African Americans are more likely to live in rented dwellings, to lack
access to health care or air conditioning, and to be exposed to higher levels of air
pollution, all of which compound the health threats of heat waves.

3) Empirical evidence from across the U.S. (Chicago, Texas, Memphis, Tennessee,
St. Louis, Kansas City, etc.) indicates that African Americans are already up to
twice as likely to die during heat waves than non-African Americans.

Air Pollution and Climate Change
Air pollution disproportionately affects the health of African Americans. Climate change
will exacerbate current inequities by worsening air pollution through increased
temperatures and the continued burning of fossil fuels.

1) Reducing carbon dioxide emissions could save 10,000 African American lives
annually by 2020, through the reduction of associated air-pollution related
mortality.

2) Currently, over 70 percent of African Americans live in counties in violation of
federal air pollution standards. Exposure to air pollution is largely influenced by
race: In each of the 44 major metropolitan areas in the U.S., Blacks are more
likely than Whites to be exposed to higher air toxics concentrations in every
single one.

3) African American mothers are almost twice as likely to live in the most polluted
counties in the nation than white mothers, even after controlling for education and
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region. The African American infant mortality rate is nearly twice that of the
whites.

4) African Americans are more than three times as likely to be hospitalized or to die
due to asthma than Whites. Similarly, the incidence of respiratory distress
syndrome and sudden infant death syndrome is roughly three times that of the
general population.

Extreme Weather and Climate Change
African Americans will also be affected by the extent to which climate change alters the
frequency and intensity of extreme weather events such as storms, flooding, drought, and
tornadoes.

1) Currently, the number of weather related deaths in the United States is around 600
casualties per year.

2) The possibility of abrupt or catastrophic climate change explored by a recent
Department of Defense study, may entail severe impacts on weather and human
lives. Subsequent resource shortages may engender military conflict, with clear
health ramifications particularly for African Americans.

Disease and Climate Change
African Americans will be more affected by changes in the spread of disease due to
climate change for two reasons. While climate change will shift the physical range of
numerous diseases such as malaria and cholera, many range increases are likely to occur
in the south where the African American population is concentrated. Susceptibility to
diseases is magnified by the fact that Blacks are fifty percent more likely than the general
population to lack medical insurance.

Section 2: African American Employment and Climate Change
African Americans are likely to be seriously impacted by shifts in the economy resulting
from climate change. Depending on the speed and severity of climate change, economic
effects range from small to catastrophic.

Global Economic Damages from Climate Change
While there are many uncertainties associated with climate change, there is a consensus
that the overall economic effects will be negative and possibly very large.

1) The average estimate for the damages done by climate change across the
academic literature is $600 billion per year.

2) Impacts will fall most heavily on poor and developing nations that lack the
resources to address the problem or adapt to it. Africa will be among the hardest
hit continents, with Africans least able to adapt to the rising temperatures and
shifts in rainfall patterns.
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U.S. Economic Damages from Climate Change
In the United States, economic damages will occur to both market sectors and non-market
sectors.

1) Market effects of climate change are likely to be concentrated in the agricultural,
timber, water, energy, and coastal sectors. Specifically, agricultural production
may be hurt by heat waves or flooding, water resources may be strained through
overuse, and energy prices can be driven up by the increasing demand for air
conditioning or irrigation.

2) Integrated Assessment models indicate that the annual cost of gradual climate
change with no adaptation may be as high as 1.0 to 1.5 percent of GDP (roughly
$80 to $120 billion per year). Assuming that the economy adapts to climate
change, economic effects will be more limited, or potentially even positive in
some regions or sectors.

3) The most significant unknown is the effect of climate change on U.S. agriculture.
Slow, moderate changes may improve agricultural productivity. However, rapid
or catastrophic changes could be disastrous. The National Research Council
(NRC) reports that an abrupt climate change scenario could create $100 billion to
$250 billion in damages from U.S. agriculture alone.

4) There are large regional disparities, regardless of the scenario. Generally, the
northern states and the mid-west are the largest winners, while southern states fare
most poorly.

5) African Americans may be disproportionately impacted by these changes, due to
the higher fraction of incomes spent on food and energy.
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Chapter One: The Health and Economic Impacts of
Climate Change on African-Americans

The effects of climate change on African Americans will be wide reaching and they will
be negative. This chapter provides a brief primer on the current understanding of climate
change and investigates its likely effects on African Americans. In the first half of the
analysis, the health effects of climate change are explored. The primary effect of
changing weather patterns on health is likely to be an increase in the prevalence of heat-
related deaths. Secondary health effects are expected to include increased death and
illness from air pollution, changes in the range of communicable diseases, and energy-
associated health problems.

The second half of the chapter focuses on predicted economic impacts of climate change.
By altering weather patterns, climate change directly affects numerous sectors of the
economy, such as agriculture and energy use. In addition, by harming health and habitats,
climate change is likely to have non-market effects as well.

Background – An Introduction to Climate Change

It is important to clarify at the outset that climate change is no longer a theoretical
possibility; it is a reality. Demonstrable changes in the Earth’s atmosphere have already
occurred due to the continuing buildup of greenhouse gases. Between 1750 and the turn
of the millennium, the atmospheric concentrations of carbon dioxide (CO2), methane
(CH4), and nitrous oxide (N2O) – the three most important greenhouse gasses in dry air –
have increased by 32%, 151%, and 17%, respectively (IPCC, 2001). Whereas for the past
420,000 years atmospheric carbon dioxide levels fluctuated within a range of 180 to 280
parts per million, the current concentration now exceeds 370 parts per million and is
rising quickly (Figure 1) (Epstein, 2002).

As a consequence of this buildup, the capacity of the atmosphere to trap and retain energy
as heat has steadily increased. The Intergovernmental Panel on Climate Change
(IPCC) affirms that since the 1850s, the world has warmed by roughly 0.6°C,
mainly in the past thirty years, and that the pace of global warming is increasing
(Figure 2). Since 1950, the warming rate has been around 1.0°C per century, and
minimum nighttime temperatures have been rising at twice that rate, or 2.0°C per century.
The World Meteorological Organization (WMO) reports that the ten hottest years on
Earth since the 1850s have all occurred since 1990, including each of the last five years
(WMO, 2004). The extent of Arctic sea ice has reached a 30 year low, glaciers are
retreating worldwide, and coastlines are witnessing a slow but inexorable rise in sea
levels (WMO, 2004).
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Figure 1: Changes in global atmospheric concentrations of three well-mixed
greenhouse gases (IPCC, 2001)
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Figure 2: Variation of the Earth’s Surface Temperature: 1860-2000 (IPCC, 2001)

While climate change is occurring, what remains less clear is the ways in which that
change will manifest itself in a complex and dynamic system—the pace at which glaciers
and sea ice will melt, the extent to which increases in cloud cover may increase or
decrease the warming process, the possibility of unforeseen effects on ocean circulation.
Similarly, there is considerable uncertainty with regard to the extent that these physical
changes will affect the functioning of social and economic systems, and it remains
unclear how society will choose to react, or not react, to the reality of climate change.
Despite these uncertainties, the IPCC predicts that over the coming century, global
average surface temperatures will rise 1.4-5.8°C (2.5-10.4°F). The expected rate of
warming is simply without precedent over the last ten thousand years.

The unparalleled alteration of global climate will clearly have consequences for many
facets of human life. Climate, as expressed through local and regional weather patterns,
affects basic health and well-being, regional food and water supplies, the viability of
businesses and industry. Warming of the planet, together with more drought conditions in
some regions and flooding in other regions, is capable of inducing crop failures, famines,
flooding and other environmental, economic and social problems (IPCC, 2001). Water
shortages, forced migrations, increased air pollution and disease; regionally, all are likely
results of climate change (Hansen, 2000).

While the impacts of climate change occur on a global scale, their effects will not be
spread evenly over the population. Instead, climate change is likely to have differential
impacts on people of different socioeconomic and racial groups. For equity reasons, one
of the challenges is to predict how these costs and benefits are likely to be distributed in
order to better inform policy. This chapter investigates the likely health and economic
effects of climate change, and analyzes to what extent those effects are likely to
disproportionately impact African-Americans.
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Section One: Health and Climate Change

In recent years, a sizable body of epidemiologic work has addressed the likely health
effects of climate change. However little work has focused on effects on African
Americans in particular. The first half of this chapter focuses on the expected health
effects of climate change on African Americans.

In general, impacts on health stem from a range of climate-related factors such as
changes in temperatures and the frequency of heat waves, vulnerability to flooding and
droughts, alterations in the frequency of regional weather patterns such as El Nino, and
secondary effects including varying concentrations of air pollution, allergens, and
infectious diseases (Haines and Patz, 2004; IPCC, 2001). While not all of the health
effects of climate change will be detrimental, the IPCC (2001) has concluded that
negative health effects are likely to outweigh positive health impacts. Current health
effects of climate change are believe to claim 160,000 lives annually (Doyle, 2003).

Moreover, the positive and negative effects of climate change will not be shared equally.
Climate change has been characterized as “one of the largest environmental and health
equity challenges of our times (Patz and Kovats, 2002).” The wealthy are those most
responsible for causing climate change through energy use and greenhouse gas emission,
while those most vulnerable to detrimental effects include the poor, the elderly, the
infirm, and the poor (Patz and Kovats, 2002; Bunyavanich et al., 2003). Similarly,
climate effects are likely to vary between regions (Benson et al., 2000).

This section focuses on the health effects of climate change in the United States,
particularly as they relate to African Americans. As a caveat, one of the difficulties in
characterizing the effects of climate change on the health of any group is that it is
impossible to foresee all future health effects, particularly because many of the
anticipated scenarios represent previously unencountered environmental conditions for
which it would be inappropriate to simply extrapolate current risk models (IPCC, 2001).
Moreover, health is influenced by many non-environmental factors such as demographic,
social, and temporal that are difficult to incorporate into models. In particular,
vulnerability is influenced not only by exposure to health hazards, but also by access to
resources that allow one to mitigate them, such as wealth or health insurance (Figure 3).
It is important to note that, regardless of the particular threat to health, African Americans
are less likely to have the resources necessary to properly address them: A
disproportionately high percentage of African Americans live in poverty, have limited
housing options, and lack adequate health care or insurance.
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Figure 3: Diagrammatic illustration of vulnerability to health effects (IPCC, 2001)

For reference, between 2000 and 2002 an average of 12% of Americans lived in poverty.
However, whereas only 10.1% of whites had incomes under the poverty threshold,
23.2% of blacks lived in poverty. Partially as a consequence of this disparity, African
Americans are much less likely to have access to healthful living environments or quality
health care than the general population. African Americans are one and half times as
likely to be uninsured as white Americans, with 20-30% of African Americans between
the ages of 18 and 64 lacking any health insurance (Figure 4) (Census, 2002; Collins et
al., 2002).

Figure 4: Poverty and Health Insurance Status by Race (Source: Census 2002, and
*Commonwealth Fund 2001 Health Care Quality Survey from Collins et al., 2002)
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This resource inequity and comparative lack of capital should be kept in mind as we
explore the likely effects of climate change. Many of the detrimental effects of climate
change, such as exposure to heat waves and air pollution, will only be magnified by the
lack of resources to cope with the threats.

For organizational purposes, the congressionally-mandated National Assessment of
Climate Change divided the potential health effects of climate change into five discrete
areas: impacts stemming from temperature changes, extreme weather events, air
pollution, and both waterborne and vector-borne disease (Patz et al., 2000). This review
will mirror the National Assessment’s structure but incorporate more up-to-date research
and relate those impacts more specifically to African Americans.
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Climate Change and Heat Deaths

The most obvious health effect of a warmer planet is the increasing risk of over-exposure
to heat and heat-related mortality. Extreme heat events, or heat waves, are growing
increasingly common. As previously noted, the hottest years in recorded history have all
occurred over the past decade. While average temperatures have increased, we have also
witnessed an increasing number of severe heat waves. For example, the World
Meteorological Organization (2004) reports that the 2003 heat wave that struck Europe
(France, Italy, the Netherlands, Portugal, Spain and the United Kingdom) caused upwards
of 20,000 deaths. The IPCC predicts that both the frequency and the intensity of heat
waves will continue to rise, and that the oppressive temperatures will only be exacerbated
by increases in humidity (2001). Heat waves have serious implications for human health,
particularly in temperate regions.

The primary cause of death during extreme heat events is a broad group of circulatory
and respiratory diseases that are not typically classified by coroners as heat-related. In
medical terminology, both cardiovascular disease and myocardial infarctions are most
likely to cause death (Braga et al., 2002). Prolonged heat exposure is associated with heat
cramps, fainting, heat exhaustion, and heatstroke. McGeehin and Mirabelli (2001)
describe the varied mortality effects of heatstroke in greater detail:

“The ability to respond to heat stress is limited by the capacity to increase
the maximum cardiac output required for cutaneous blood flow…. Under
extreme or chronic heat stress, the body loses the ability to maintain
temperature balance and death may occur. The most common cause of
death and the most acute illness directly attributable to heat is heatstroke, a
condition characterized by body temperatures of 105.0°F (40.6°C) or
higher and altered mental status. Other causes of death observed to
increase following heat waves include heart disease, diabetes, stroke,
respiratory diseases, accidents, violence, suicide, and homicide.”

Because heat waves are statistically associated with deaths from this wide range of
causes, heat is typically considered a “mortality correlate” rather than recorded as the
direct cause of death (Davis et al., 2003). Regardless of the exact causes, the empirical
evidence of the effect of heat waves on mortality is abundant (e.g., Laschewski and
Jendritsky, 2002; McGeehin and Mirabelli, 2001; Kalkstein, 1992). Mortality increases
when the ambient temperature swings either above or below an optimum temperature
value. The Centers for Disease Control very conservatively estimate that on average there
are at least 240 annual heat-related deaths in the U.S. (CDC, 1995). However, impacts
can be considerably larger. For example, a 1995 heat wave is estimated to have caused
over 500 heat-related deaths in Chicago alone, and two London heat waves (1995 and
1976) both resulted in a 15% increase in total mortality (IPCC, 2001).

Deaths attributable to heat waves tend to be limited to within a day of the high
temperatures (Braga et al., 2001; Braga et al., 2002). These spikes in mortality due to heat
waves are often followed by reduced death rates in subsequent weeks (Pattenden et al.,
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2003; Laschewski and Jendritsky, 2002; Braga et al., 2001; Hunyen et al., 2001). This
phenomenon implies that the heat-associated mortality largely consists of people who
may have died in the following weeks anyway, an effect sometimes known as
“harvesting.” Despite this harvesting effect, there is a high level of certainty that climate
change will only increase the number of additional deaths from hot weather (IPCC,
2001). For example, a 1992 study of the fifteen largest cities in the U.S. found that
climate change would increase heat-related deaths by more than 90% (Kalkstein, 1992).
Kalkstein and Greene (1997) concluded that annual excess deaths in New York City are
likely to increase by 500 to 1,000 by 2050.

Somewhat counter-intuitively, heat-related mortality is not generally concentrated in the
hottest area. Rather, populations in cold regions tend to be those most sensitive to hot
weather (Patz and Kovats, 2002). This phenomenon is due to acclimatization, or the
extent to which populations learn how to cope with their environmental conditions.
Weather variability, rather than the magnitude of temperature highs, can be a more
important determinant of heat-mortality vulnerability (Kalkstein, 2000; Keatinge, 2003):
If climate change increases temperature variability, this effect could outweigh simple
mean temperature increase effects. As such, most of the U.S. climate-health models
indicate that the largest increases in heat-related deaths and morbidity will occur in
northeastern and midwestern U.S. cities (McGeehin and Mirabelli, 2001). Models
indicate that the most vulnerable populations are those in cities with extremely high but
infrequent temperature spikes such as Philadelphia, New York, Chicago, Milwaukee, and
St. Louis (McGeehin and Mirabelli, 2001). West Coast cities with similarly high
mortality rates include Los Angeles, San Francisco, Portland, and Seattle (Davis et al.,
2003).

Distributional Impacts
Within a region, the distribution of heat-related illness and mortality is not even. Those
populations most vulnerable to mortality include the very old and very young, as well as
individuals who are ill or bedridden (Patz and Kovats, 2002; IPCC, 2001; McGeehin and
Mirabelli, 2001). The IPCC found with high confidence that in addition to
disproportionate effects on the elderly, children, and the infirm, heat-waves have stronger
effects on urban populations, particularly the urban poor.  McGeehin and Mirabelli of the
CDC (2001) note that, “Within heat-sensitive regions, urban populations are the most
vulnerable to adverse heat-related health outcomes.”

One of the main reasons that heat-related deaths tend to be concentrated in urban areas is
the urban “heat island” effect. Urban areas are typically covered in surfaces such as
asphalt and concrete, which retain heat. As a result, these surfaces create higher daytime
and sustained overnight temperatures during heat waves. A second reason that mortality
is higher in urban areas is that the same areas often have worse air quality, and elevated
air pollution is often associated with heat waves (IPCC, 2001).

In addition to residing in urban environments, poverty is also an important factor in heat-
related vulnerability (Patz et al., 2000). The poor are less likely to have adequate access
to well-insulated housing or air-conditioning due to the combination of capital costs and
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utility bills (Patz and Kovats, 2002; McGeehin and Mirabelli, 2001). The National
Assessment found that, “High risk subpopulations include people who live in the top
floors of apartment buildings in cities and who lack access to air-conditioned
environments (Patz et al., 2000).” As of 1995, only a quarter of housing units in the
Northeast were furnished with air-conditioning (Census, 1997).

Unfortunately, African Americans represent a greater share of almost all of these
vulnerable groups. To start, African Americans are more than twice as likely as whites to
live in the inner city. As of January 2004, over 43% of African Americans lived in the
central sections of cities. In stark contrast, less than 20% of whites lived in the same areas
(Data from CPS, 2004). Moreover, the African American housing stock is likely to be
relatively poor. African-Americans are twice as likely as Non-African Americans to live
in rented dwellings, with over 50% of Blacks renting their homes (Data from CPS, 2004).
Similarly, as previously mentioned, African Americans are nearly twice as likely to live
in poverty (Census, 2002).

As a consequence of these factors and limited access to health care, it is no surprise that
African-Americans are already among the most common victims of heat-waves. During
the 1995 Chicago heat-wave, over 500 excess deaths occurred: Mortality rates for non-
Hispanic Blacks were roughly 50% higher than mortality rates for non-Hispanic Whites
(Whitman et al., 1997; McGeehin and Mirabelli, 2001). Similarly, Kalkstein (1992)
found that African Americans in St. Louis were twice as likely to die in a heat wave
(Figure 5). The vulnerability of African Americans in Chicago and St. Louis is by no
means unique. Similar results have emerged in several other areas that studies have been
conducted including Texas, Memphis, Tennessee, and Kansas City (McGeehin and
Mirabelli, 2001).

Figure 5 - Percent Increase In Deaths due to 
St. Louis Heat Wave (Kalkstein, 1992)
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With respect to climate change, the elevated number of heat deaths is likely to continue to
fall most heavily on African Americans. For example, Kalkstein and Green (1997)
modeled the climate-mortality relationship in the 44 largest metropolitan areas in the
United States. Their efforts indicated that for the years 2020 and 2050, summer mortality
will increase “dramatically.” The most precipitous declines in health are expected from
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cities in the East and Midwest. Estimated mortality increases in 2050 ranged from 70% to
over 100%. With respect to race, nearly two-thirds of all African Americans currently
live in those 44 large metropolitan areas (Data from CPS, 2004). Moreover, Kalkstein
and Green indicate that summer mortality in New York City, Philadelphia, Chicago,
Detroit, and Minneapolis is likely to triple: African Americans are three times as likely as
non-African Americans to be residents of those cities (Data from CPS, 2004).

As a caveat, it should be noted that several empirical studies have not documented a link
between race and mortality. For example, Davis et al. (2003) found no physiological
disposition to heat vulnerability based on race in multiple U.S. cities over the past four
decades. Similarly, Braga et al. (2002) analyzed eight years of mortality due to hot and
cold events in 12 U.S. cities, and found that race did not modify the effect of either cold
or heat waves. However, the log-linear regression model employed in these studies
estimate the temperature effects as a relative or percentage change in each city. In cities
with higher baseline mortality rates, a greater absolute effect is implicit. As a
consequence, Braga et al. (2002) comment that, “This makes the failure to find
interactions with direct or indirect markers of baseline risk understandable and the
association with the temperature variances more impressive.” Where more detailed
analyses have been employed, there is generally a significant connection between race
and mortality. O’Neill et al. (2003) examined mortality data from six northern U.S. cities
(Denver, Detroit, Minneapolis, New Haven, Pittsburgh, Chicago, and Seattle) by race,
income, and other factors. The study found that the elevated chance of dying during a
heat episode (29°C) in any of the aforementioned cities is twice as large for Blacks as for
Whites.

Clearly, climate change will cause additional heat-deaths, and those deaths are likely to
disproportionately come from the African American community. Two factors that may
offset this mortality to some extent are acclimatization and reduced winter deaths from
cold weather. Each is addressed below.

Acclimatization
One of the most important factors in modeling future mortality from climate change is
estimating the extent to which populations will acclimatize to warmer weather through
behavioral or technological adaptation (IPCC, 2001). It should be noted that adaptation is
already occurring (Donaldson et al., 2003; Davis et al., 2003). Davis et al. (2002; 2003)
studied mortality rates due to heat waves in several U.S. metropolitan areas over the past
four decades. The authors found that whereas mortality rates in southern cities remained
relatively constant, northern metropolitan areas have seen decreasing mortality rates
during periods of high apparent temperatures over the past few decades. This trend
applies to almost all cities north of D.C. and east of Chicago, and appears to be a much
broader phenomenon (Donaldson et al., 2003; Davis et al., 2003). Davis et al. (2002)
surmise that, “These statistically significant reductions in hot-weather mortality rates
suggest that the populace in cities that were weather-sensitive in the 1960s and 1970s
have become less impacted by extreme conditions over time because of improved
medical care, increased access to air conditioning, and biophysical and infrastructural
adaptations.” This reduction in mortality casts some doubt on other findings that overall
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heat related mortality would increase in the United States with climate change (Davis et
al., 2003). National excess mortality rates on hot, humid days dropped from 53 per
million in the 60s and 70s, to 15 per million in the 90s (Davis et al., 2003).  However, it
remains likely that mortality will increase relative to the declining mortality baseline. The
IPCC notes that, “Recent modeling of heat wave impacts in U.S. urban populations,
allowing for acclimatization, suggests that several U.S. cities would experience, on
average, several hundred extra deaths per summer.” Moreover, the increasing reliance on
adaptation (e.g., health care and air-conditioning) is likely to create a larger disparity
between mortality of the rich and poor.

Reduced Cold Deaths
One positive health effect of climate change is that it will reduce the severity of winter in
many regions. In general, more people die during winter than in summer. However, the
causes of winter deaths are more varied and difficult to model. Braga et al. (2002) note
that, “Although cold temperatures show greater effects than do hot temperatures, other
factors such as respiratory epidemics, usually present during the winter, make unclear the
precise role of temperature on increased morbidity and mortality.” Major causes of winter
death, such as influenza, pneumonia and accidents are not clearly connected to
temperature, such that warming may not lessen the seasonal contribution to mortality and
morbidity. Moreover, cold as a direct cause of death is smaller in the U.S. than heat-
related mortality (Figure 6).

A few studies, particularly European studies, have indicated that reductions in winter
mortality due to climate change may be greater than increases in summer mortality
(IPCC, 2001). In contrast, several other models have concluded that reductions in cold-
related deaths are unlikely to compensate for increased heat-deaths. For example,
modeling by Kalkstein and Green (1997) indicates that increases in heat-related mortality
in the United States are likely to outweigh reductions in winter mortality by a factor of

Figure 6 - Heat and Cold Deaths in the U.S. 
(NWS, 2004) 
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three. In reviewing this issue, the IPCC noted that uncertainty remains but concluded that
it is likely that the increase in heat related deaths will be the greater effect. Moreover, it is
unclear to what extent reductions in cold-related deaths will come from the African
American community. More research needs to be devoted to the environmental justice
aspects of this question.
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Climate Change and the Health Effects of Extreme Weather Events

In addition to hotter temperatures, models of future climate change predict potential
changes in the frequency and intensity of extreme weather events such as floods,
hurricanes, and tornados (Patz et al., 2000). Climate change has the capacity to alter the
frequency of such occurrences by changing land and ocean temperatures, ocean
circulation, and regional weather patterns, such as El Nino and the North Atlantic
Oscillation. Climate anomalies are already occurring (Figure 8). Extreme weather is
commonly associated with loss of property and life. Currently, the National Weather
Service estimates that from 1991-2000, an average of 600 Americans were directly killed
each year during severe weather events (NWS, 2000).  In addition to fatalities, numerous
injuries and economic losses are also associated with these events (Figure 7).

Figure 7 - Deaths and injuries due to extreme weather 
events in the U.S. (NWS, 2004)
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However, it is important to note that there is considerable uncertainty regarding the
effects of climate change on extreme weather events. Regional climate change is likely to
increase and decrease the prevalence of extreme weather events in different areas. It is
extremely difficult to predict future changes in weather, as opposed to climate.

Most reviews ascribe a high likelihood to the possibility that there will be an increase in
the prevalence of extreme precipitation events and flooding due to climate change (IPCC,
2001). Specific to North America, the IPCC (2001) notes that, “There is some evidence
of increases in the intensity or frequency of some extreme events at regional scales
throughout the 20th century. Frequencies of heavy precipitation events have been
increasing in the United States and southern Canada.” Regional flood risks may increase
as a result of these high precipitation events. Increases in flooding are likely to cause
significant hardship, as flash floods are among the most lethal natural disasters in the
United States, averaging around eighty victims per year (Greenough et al., 2001). Seven
to ten percent of housing units in the U.S. are located on 100-year floodplains, which may
be vulnerable to increased flood risks (Miller et al., 2000).
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In addition to strong storms, climate change appears to be increasing the frequency and
strength of El Nino events, in which the temperature of waters in the Southern Pacific
affects much larger weather patterns and processes. For example, the 1997-1998 El Nino
was associated with forest fires in several parts of the world, and significantly reduced air
quality and increased respiratory problems in Florida and Texas (Greenough et al., 2001;
Haines and Patz, 2004). Haines et al. (2000) note that any assessment of future health
outcomes is complicated by the fact that many of the climatic conditions have not
previously been encountered.

Likely effects on the prevalence of droughts are even harder to predict than changes in
flooding (IPCC, 2001). The United States is currently undergoing widespread drought.
According to the WMO (2004), by the end of 2003, moderate to extreme drought and
depleted reservoirs affected 37 percent of the continental United States, in several areas
for the fourth or fifth year in a row. Droughts that occur in poor regions have traditionally
been associated with crop failure, malnutrition and starvation. In the United States, the
main health effect of drought is likely to be the heightened potential for fires, and
associated direct and respiratory health impacts.

The overall effect of climate change on the frequency and intensity of tornadoes, ice
storms, and hurricanes in the United States remains unclear. The National Assessment
(2001) concluded that, “Whether these changes in climate risk will result in increased
health impacts cannot currently be assessed.”

The majority of the research in the literature focuses on gradual climate change.
However, a recent report by the National Research Council and a second report
commissioned by the U.S. Defense Department have both raised the specter of abrupt
climate change, which would entail unknown but wide-reaching implications for national
health (NRC, 2002; Schwartz and Randall, 2003). Such dramatic climate change
scenarios, generally involving a slowdown of the ocean’s thermohaline circulation1 or a
sudden collapse of the West Antarctic ice sheet, have a much higher chance of being
catastrophic.

The Defense Department scenario summarizes that abrupt climate change could involve,
“Harsher winter weather conditions, sharply reduced soil moisture, and more intense
winds in certain regions that currently provide a significant fraction of the world’s food
production. With inadequate preparation, the result could be a significant drop in the
human carrying capacity of the Earth’s environment. The research suggests that once
temperature rises above some threshold, adverse weather conditions could develop
relatively abruptly, with persistent changes in the atmospheric circulation causing drops
in some regions of 5-10 degrees Fahrenheit in a single decade (Schwartz and Randall,

                                                  
1 The thermohaline circulation has been called the ocean circulation “conveyor belt.” Heavy, cold water
sinks in the North Atlantic, driving a long slow process of currents responsible for many of the oceans
currents. Were the thermohaline circulation to slow or stop, due to precipitation or ice melting in the north
that reduced the density of the North Atlantic waters, the current pattern of ocean currents would be
strongly disrupted. Ironically, one possible result of this scenario is severe cooling in Europe and North
America.
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2003).” As a consequence of these changes in the earth’s carrying capacity, the Defense
Department scenario explores how abrupt climate change could destabilize the political
environment, generating conflict over food and water shortages, or disrupted access to
energy supplies. Clearly, the health effects of such a scenario would be enormous,
particularly for African Americans who are both more vulnerable to resource shortages
and more likely to serve in the U.S. military, comprising roughly 22% of enlisted men in
the Department of Defense (DoD, 2000a). One political theorist recently commented that,
“As the organizations principally responsible for national security, and commanding a
large share of public resources for that purpose, the world ’s militaries will increasingly
have to manage the challenges of climate change (Barnett, 2003).”2

With respect to gradual climate change scenarios, little work has been done quantifying
the health effects of climate-induced changes in extreme weather events on communities
of color in the U.S. Relevant considerations for future study would include the percentage
of African Americans with health insurance or living in vulnerable regions (floodplains,
tornado alley, etc.). Economic losses will presumably be affected by the prevalence of
homeowners or renters insurance.

                                                  
2 It is an interesting tangent to note that militaries are also major emitters of greenhouse gases. Of all the
U.S. agencies, the military has been among the most responsive to concerns over climate change.
Apparently the U.S. Department of Defense reduced greenhouse gas emissions by twenty percent between
1990 and 1996 (DoD, 2000b: Cited in Barnett, 2003).
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Climate Change and Health Effects from Air Pollution

Climate change is likely to exacerbate the negative health effects of air pollution effects on
Americans, and African Americans in particular, for both direct and indirect reasons (Figure 9).
With respect to direct reasons, climate change can alter local and regional weather patterns,
including temperature and wind patterns, which influence the formation and transport of
pollutants. Smog, which causes a variety of respiratory ailments, is created by the combination of
air pollutants and light and heat from the sun. The higher temperatures resulting from global
warming will further drive the chemical reactions that increase the concentration of hazardous air
pollutants in urban areas.

Indirectly, climate change is associated with detrimental health effects from air pollution on at
least two levels. First, climate change can indirectly contribute to air pollution by encouraging
increased energy use during heat waves (e.g. air conditioning in urban areas), or by increasing
natural sources of air pollution such as ash or pollen. Second, climate change and urban air
pollution share a common cause: the combustion of fossil fuels. As such, many policies that
attempt to mitigate climate change are also likely to reduce the health effects of air pollution.

Figure 9 – Effects of Climate Change on Air Pollution (Source: Bernard et al., 2002)

With respect to the environmental justice, a large body of scientific literature indicates that
African Americans are at substantially greater risk to air pollution than the general public.
Increases in morbidity and mortality from climate change related air pollution are likely to
continue to fall most heavily on the African American community.
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1.3.1: Direct Increases in Air Pollution due to Climate Change

The Effects of Ozone (Smog)
The IPCC (2001) predicts with medium to high confidence that climate change is likely to
trigger the deterioration of air quality in vulnerable urban areas. Of the few studies that have
attempted to quantify air quality effects of climate change, most have focused on concentrations
of trophospheric ozone, commonly known as smog (Bernard et al., 2002). Ozone (O3) is a
naturally occurring gas formed through the photochemical interaction of nitrogen oxides (NOx)
and volatile organic compounds (VOCs). Due to the presence of anthropogenic sources of NOx

and VOCs, ozone is often found at much higher concentrations in polluted areas.

Ozone pollution is associated with numerous negative effects including reduced agricultural
productivity and respiratory problems, particularly in asthmatics. Epidemiologic studies clearly
indicate that increases in ground-level ozone are linked to acute asthma attacks (Peden, 2002).
Similarly, ozone can contribute to onset of asthma in children, and cause respiratory impairment
even in health individuals (Patz and Kovats, 2002). In the long-term, ozone exposure can
increase the frequency of asthmatic attacks, and permanently damage airways and lungs. Bernard
et al. (2002) summarize that:

“Time-series studies also indicate that O3 may be a more general cause of
morbidity and mortality. Numerous time-series studies have reported that
increased O3 (and other pollutants) are associated with increased daily mortality
counts. Total mortality counts are associated with O3 levels, as are some cause-
specific categories, including cardiac causes. Studies of hospitalization also show
associations of O3 concentrations with cardiac and respiratory admissions, even
after taking other pollutants into consideration.”

Global Warming and Ozone
Most studies indicate that climate change is likely to increase concentrations of ground-level
ozone, though to an uncertain degree (Bernard et al., 2002; Patz et al., 2000). Air quality models
generally indicate that reductions in stratospheric ozone and increased temperatures are likely to
increase the concentrations of this pollutant. The models predict that tropospheric ozone
concentrations will increase in polluted environments with increasing temperature. Increases in
atmospheric temperatures accelerate the photochemical reaction rates through which
tropospheric O3 is produced (Bernard et al., 2002). Moreover, higher temperatures also reduce
the formation of peroxyacetylnitrate (PAN), an important sink for NOx (and thus ozone
formation) (Sillman and Samson, 1995; Jacob et al., 1993). There is speculation that an increase
in the number of hot days could also increase natural and human emissions of VOCs and NOx,
for example increased emissions from fuel-injected automobiles, or the heightened release of
hydrocarbons and NOx from forests, shrubs, grasslands, and microbes (IPCC, 2001; Bernard et
al., 2002).

Numerically incorporating some of these effects, Morris et al. (1995) used a three-dimensional
air quality model to study the effects of climate change on trophospheric ozone. The authors
found that a 4°C increase in temperature created changes in peak ozone concentrations ranging
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from –2.4% to 20%. Reportedly, “The number of exceedences of National Ambient Air Quality
Standards for O3 concentrations was estimated to increase by 1 to 2 times over the number of
exceedences in the base case (i.e., no future temperature change scenario) (Bernard et al., 2002).”

There is considerable empirical support for these findings. A strong positive relationship
between tropospheric ozone and temperatures above 32°C already exists in several U.S. cities
(Figure 10) (Patz and Kovats, 2002). Empirical research has documented that air-pollution has a
small but consistent confounding effect on mortality from heat stress, even in relatively
unpolluted cities (Rainham and Smoyer-Tomic, 2003; Bernard et al., 2002, Piver et al., 1999).
These findings support previous work tentatively documenting the temperature dependence of
mortality effects from air pollution (Katsouyanni et al., 1993).

Figure 10 – Tropospheric Ozone and Temperature in New York and Atlanta (Source:
Bernard et al., 2002)

Global Warming and Allergens
A growing body of literature also suggests that global warming will increase the abundance of
certain allergens such as ragweed. Ragweed is the primary cause of allergies during the autumn,
affecting roughly 10% of the U.S. population. In general, allergies affect more than 50 million
people in the U.S. alone, costing around 18 billion per year (Wan et al., 2002).
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Controlled experiments indicate that doubling atmospheric CO2 increased ragweed pollen
production by over 60% (Wayne et al., 2002).  Other plants are also likely to increase pollen
production. A recent metastudy of 110 research efforts indicated that elevated CO2 results in the
production of roughly 20% more flowers than growth at ambient CO2 (Jablonski et al., 2002).
Similarly, experimental warming increases ragweed production, resulting in higher ragweed
pollen burdens (Wan et al., 2002). The combination of higher CO2 and higher temperatures
associated with climate change may cause significant increases in exposure to allergenic pollen
(Wayne et al., 2002).

In addition, it is interesting to note that temperatures and carbon dioxide concentrations are often
higher in urban areas than in rural areas. As a consequence, in situ observations indicate that
ragweed grows faster and produces significantly greater amounts of pollen in urban locations
(Ziska et al., 2003). Those living in urban areas are already exposed to higher levels of
particulate air pollution. The combination of these factors may act synergistically to increase the
incidence of asthma in urban areas, a rate which has already been on a dramatic rise over the past
few decades (see Section 1.3.3)

1.3.2: Indirect Increases in Air Pollution due to Climate Change

In addition to the likely detrimental effects of ozone, climate change is likely to change the
nature of pollution emissions. For example, some adaptive responses to climate change will
involve increased fossil fuel use. For example, the National Assessment noted that “if warmer
temperatures lead to more air-conditioning use, power plant emissions could increase without
additional air pollution controls (Patz et al., 2000).”  In addition, climate change may affect
natural sources of air pollution, such as the distribution and types of airborne allergens (Bernard
et al., 2002). The IPCC (2001) also speculates that climate change may affect concentrations of
radon or particulates from forest fires, thereby increasing morbidity and mortality.

Figure 11 – Energy Use and Air Pollution Impacts (Source: Davis et al., 1997)

In addition, the large-scale energy production and use that drive climate change also have serious
effects on human health (Figure 11). Unlike the benefits of energy use, which tend to be reaped
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exclusively by those who have purchased the energy, the negative effects of energy use are
generally spread across local, regional, and global scales. As previously discussed, the most
obvious detrimental effect of fossil fuel combustion is air pollution, which can have dramatic
implications not only for human health but also for ecosystem health (Figure 12 and Figure 13).
Air pollution is a major problem in the United States. As of September 2002, roughly 126
million Americans lived in 124 non-attainment areas for at least one criteria pollutant (EPA,
2003). As such, strategies aimed at mitigating climate change can include large concomitant
health benefits. In contrast, strategies intended to mitigate climate change by reducing carbon
dioxide emissions (i.e. energy efficiency, CAFÉ standards, or renewable energy) are likely to
reduce the concentration of other criteria air pollutants such as ozone and particulate matter.

A 1997 study by a Working Group assembled by the EPA and others found that the ancillary
health benefits of implementing a climate change strategy could be enormous. In the United
States, the effect of decreasing particulate matter and other pollutants associated with reducing
CO2 emissions to under Kyoto targets are likely to be significant. The energy-policy-health
model created indicated that, “In the USA, by the year 2020, at least 33,000 deaths a year could
be avoided from implementation of the climate-policy scenario. This projected number of
avoidable deaths in the USA is of the same order of magnitude as currently occurs as a result of
several major causes of death from illnesses, each of which is subject to major public-policy
interventions, including human immunodeficiency and chronic liver diseases (Davis et al.,
1997).” Given the disproportionate effects of air pollution and heat deaths on African Americans
(typically 2-3 times the general population), it is likely that close to 10,000 of those avoided
deaths would come from the African American community. Global benefits of such an effort
were estimated to be closer to 700,000 avoided deaths.

A second detailed study indicates that reducing emissions from older coal-fired power plants in
the United States would save over 18,000 lives, three million lost work days, and 16 million
restricted-activity days annually (Schneider et al., 2000). Similarly, reducing emissions from just
nine older coal plants near Chicago would avoid an estimated 300 deaths, 2000 emergency room
visits, 10,000 asthma attacks, and 400,000 days of respiratory symptoms annually (Levy and
Spengler, 2001; Cifuentes et al., 2001). Cifuentes et al. (2001) examined the ancillary health
benefits of pursuing a climate policy (Figure 12). They found that in New York alone, thousands
of lives and millions of lost work-days could be avoided.
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Figure 12 – Health Benefits from a GHG Strategy (Cifuentes et al., 2001)

In order to capitalize on these immediate co-benefits, over 140 municipalities in the U.S. and
over 560 worldwide have already set greenhouse gas targets in concert with local action plans.
Many of these local actions have been spurred by the recognition of the substantial co-benefits
and cost savings associated with emissions reductions (Kousky and Schneider, 2003). On a
national or international scale, the co-benefits of climate action are likely to be even larger.
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Figure 13 – Health Effects of Power Plant Pollutants (Adapted from Keating and Davis,
2002)
Pollutant What is it? How is it

Produced?
Health Effects Most Vulnerable

Populations
Ozone (O3) Ozone is a

highly corrosive,
invisible gas.

Ozone is formed when
NOx reacts with other
pollutants in the
presence of sunlight.

Rapid shallow breathing,
airway irritation,
coughing, wheezing,
shortness of breath.
Makes asthma worse.
May be related to
premature birth and low
birth weight.

Children, the elderly,
people with asthma or
other respiratory
disease. People who
exercise outdoors.

Sulfur
Dioxide
(SO2)

SO2 is a highly
corrosive,
invisible gas that
is formed in the
gases when coal
is burned. Sulfur
occurs naturally
in coal.

SO2 is formed in the
gases when coal is
burned. SO2 reacts in
the air to form sulfuric
acid and sulfates.
Together with NOx, it
forms acidic particles.

Coughing, wheezing,
shortness of breath, nasal
congestion and
inflammation. Makes
asthma worse. SO2 gases
can de-stabilize heart
rhythms. Low birth
weight, increased risk of
infant death.

Children and adults with
asthma or other
respiratory disease.

Particulate
Matter (PM)

A mixture of
small solid
particles (soot)
and tiny acidic
particles.

Formed by SO2 and
NOx in the atmosphere.

PM is inhaled deep into
the lungs, affecting
respiratory and cardio-
vascular systems. Linked
to low birth weight and
premature birth, and
sudden infant death.

The elderly, children,
people with asthma.
African American
children may be
especially susceptible.

Nitrogen
Oxide (NOx)

A family of
chemical
compounds
including
nitrogen oxide
and nitrogen
dioxide.

NOx is formed when
coal is burned. In the
atmosphere can convert
to nitrates and form fine
acidic particles. Reacts
in the presence of
sunlight to form ozone
smog.

NOx changes lung
function, increases
respiratory disease in
children. Helps form
ozone and acidic PM
particles which are linked
to respiratory and cardio
vascular disease, low
birth weight and
premature birth.

The elderly, children,
and people with asthma.

Mercury
(Hg)

A metal that
occurs naturally
in coal.

Mercury is released
when coal is
combusted.

Developmental effects in
babies that are born to
mothers who ate
contaminated fish while
pregnant. Poor
performance on tests of
the nervous system and
learning. In adults may
affect blood pressure
regulation and heart rate.

Fetuses and children are
directly at risk. Pregnant
women and women of
child bearing age need
to avoid mercury
exposure.
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1.3.3: Air Pollution and African Americans
A growing body of work indicates that African Americans are significantly more likely to live
and work in locations where they are exposed to higher levels of pollution than the general
public. As a result of this disproportionate exposure, African Americans disproportionately
suffer the consequences of air pollution, including asthma and respiratory problems.

Disproportionate Exposures
As with heat-deaths, the negative effects of air pollution already fall most heavily on African
Americans. Air pollution and subsequent health effects such as asthma represents one of the
most significant environmental equity issues facing the United States today (Northridge et al.,
2003). Over the past few decades, a spate of work has focused on the topic of environmental
justice, with air pollution receiving considerable attention because of the larger concentration of
minorities and low-income residents living in areas with unhealthful air quality (Samet and
White, 2004). The reasons for this disparity are both socioeconomic and racial: African
Americans are more likely to live in urban areas, are more likely to be poor, are more likely to be
discriminated against, and are more likely to lack access to resources to resist the siting of power
plants in their neighborhoods. The evidence that African Americans are already exposed to
worse air quality is sound. A review of the recent literature indicates that:

• In 2002, an estimated 71 percent of African Americans lived in counties in violation of
federal air pollution standards, as compared to 58 percent of the white population (Keating
and Davis, 2002).

• 78 percent of African Americans are located within 30 miles of a coal-fired power plant,
where the environmental and health impacts of the smokestack plumes are most acute, as
compared to 56 percent of whites. Similarly, African Americans comprise nearly a sixth of
the people living within five miles of a power plant waste site, whereas they comprise 12.3
percent of the total U.S. population (Keating and Davis, 2002).

• Even within areas violating federal air quality standards, African Americans are more likely
to be exposed to worse air quality. Lopez (2002) examined 1990 Census data from the 44
largest U.S. metropolitan areas. In every single area, Blacks were significantly more likely
than Whites to live in tracts with higher air toxics concentrations (e.g., Figure 14). In general,
metropolitan areas in the Midwest and East—the cities also expected to have the highest
increase in heat deaths from climate change—had the worst inequality.
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Figure 14 – Exposure to air toxics in the Los Angeles metropolitan area (1990) by race
(Figure from Lopez, 2002). Note: Los Angeles represented an average city. Many cities had
significantly more skewed exposures.

• African American mothers are exposed to higher levels of air pollution than white mothers,
and are almost twice as likely to live in the most polluted counties in the nation, even after
controlling for education and region (Woodruff et al., 2003).

• Numerous studies have investigated exposure to air toxics in more specific regions. Perlin et
al. (1999) investigated the sociodemographic characteristics of people living near Toxic
Release Inventory (TRI) facilities in three areas of the United States. The authors found that
in all three areas, a larger percentage of blacks compares to whites live in near proximity to
the facilities.

• African Americans are often more vulnerable to these effects due to pre-existing illness. For
example, multiple studies have indicated that people suffering from diabetes are more
vulnerable to the deleterious effects of air pollution. In the United States, diabetes is
significantly more common among African Americans and urban residents than among the
general population (O’Neill et al., 2003a).

Due to the variety of study methods, there has been some debate in the literature about the extent
to which race and income play a role. Many studies that focus on a very small area, e.g.
comparing limited areas that contain hazardous waste facilities against areas that lack them, often
find that race is not a significant factor. In larger-area studies that include adjacent areas, race
and ethnicity are found to be more important. For example, Lopez (2002) found that the degree
to which metropolitan areas are segregated is a relatively strong predictor of the degree to which
African Americans suffer higher exposure to air toxics (Figure 15).



38

Figure 15 – Segregation and air toxics exposure: Black-White differences in air toxics
exposure for major U.S. metropolitan areas in 1990. Source: Lopez, 2002.

Even within a community, mortality can be associated with air pollution and income levels
(Finkelstein et al., 2003). For example, nonwhites in New York City face significantly elevated
concentrations of ozone and PM10 when compared to whites (Gwynn and Thurston, 2001). While
in New York City, differences in the relative risk of exposure to criteria pollutants appear to be
most closely linked to factors such as poverty and insurance status (Gwynn and Thurston, 2001),
these factors are also racially influenced.

Disproportionate Impacts
Partially as a consequence of higher exposures to air pollution, there is a higher incidence of
related health problems in the African American community. The most commonly discussed
health problem stemming in part from energy-related pollution is asthma, but other effects
include general mortality, sudden infant death syndrome, and mercury exposure.

Asthma3

Asthma is a growing and serious health problem in the United States. Asthma is a type of allergic
respiratory disease often characterized by constriction of the airways and limited breathing
ability (Donaldson et al., 2000). According to the CDC, between 1980 and 1996, the number of
individuals in the U.S. self-reporting asthma grew nearly 75 percent (Mannino et al., 2002). In
the period from 1992 to 1999 the rate of emergency department visits for asthma increased by
almost a third. As of 1997, 22.7 million people (nearly a tenth of the population) reported having
a physician diagnosis of asthma during their lifetime, and 11.1 million people (4.1% of the
population) had an attack within the past year. The national economic costs of this epidemic are
significant. Asthma accounts for 10 million lost school days, 1.2 million emergency room visits,

                                                  
3 “Asthma is a complex respiratory condition operationally defined as a respiratory disease with three primary
features. These include 1) airway inflamation associated with cytokine formation, eosinophilic infiltration, and
altered T-cell lymphocytic function b) altered epithelial function associated with thickening of the basement
membrane… and c) recurrent airflow obstruction often presenting in acute phases as decreased forced expiratory
volume and reversible bronchospasm (Leikauf, 2002).”
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15 million outpatient visits, and over 500,000 hospitalizations each year in the United States
(NIH, 1997). In 1990, direct and indirect costs were calculated to be approximately $6.2 billion.
By 1998 the costs are believed to have more than doubled, reaching over $12.5 billion (Redd,
2002).

The incidence of asthma has been clearly connected to air pollution, especially ozone and
particulate matter. A review by Leikauf (2002) notes that ozone, NOx, particulates, and diesel
exhaust exposure can all increase bronchial reactivity among asthmatics, and that those with
asthma tend to have an increased susceptibility at lower doses. Asthma symptoms can be
worsened by increases in the levels of PM10, which has also been associated with increased rates
of hospitalization (Donaldson et al. 2000; Peden, 2002). Pope and Dockerty (1999) found a 2%
increase in hospitalizations and a 3% increase in asthma symptoms for every 10 mg/m3 rise in
PM10 as an average across multiple studies (cited in Donaldson et al., 2000). Similarly, O3 is
believed to contribute to the onset of asthma onset in children (O’Neill et al., 2003a).

Unfortunately, asthma is most prevalent among those least able to afford its burden, particularly
African Americans (Chen et al., 2002; Mannino et al., 2002). In particularly, asthma prevalence
is often higher in inner-city areas more likely to have degraded air quality. Brown et al. (2003)
note that, “Asthma has become perhaps the primary disease in which poor and minority people
have pointed to social inequality, and it is a useful class and race indicator of health inequalities.”
Asthma is recorded as the main cause of death for over one thousand African Americans each
year. Importantly, the chance that an African American will die from asthma is nearly three
times that of a White American. Similarly, the rate of emergency room visits due to asthmatic
attacks remains more than three times higher for blacks than for whites (Figure 16) (Mannino et
al., 2002). The highest incidence of asthma in the U.S. is among African-American toddlers and
low-income toddlers. It has been estimated that a quarter of the children in Harlem are asthmatic,
and they are concentrated along bus routes (Mitchell, 2004).
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Figure 16 – Black and white differences in the prevalence of asthma in the U.S. (Data:
Mannino et al., 2002)
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General Air Pollution Exposure and Mortality
In addition to asthma, air pollution is associated with several other causes of mortality, such as
heart disease and cancer. A recent study linked ambient air pollution from 150 U.S. metropolitan
areas to individual risk factors for half a million adults. Over the course of 16 years, exposure to
fine particulate matter and sulfur dioxide was associated with death from lung cancer and
cardiopulmonary disease. The mortality risk associated with high concentrations of fine
particulate air pollution was comparable to the risks associated with being moderately
overweight (Pope et al., 2002).

Infant Mortality
Multiple studies have reported a connection between air pollution and “adverse birth outcomes,
such as low birth weight, premature birth, and infant mortality (Woodruff et al., 2003).” In a
comparison of 86 cities in the U.S., researchers found that the mortality rate of infants living in a
highly polluted city during their first two months of life was 10% higher than infants living in the
city with the cleanest air (Woodruff et al., 1997). Investigators in this study found that high
levels of particulate matter were related to a 26% increased risk of Sudden Infant Death
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Syndrome and a 40% increased risk of respiratory mortality. Similarly, higher exposures to
hazardous air pollutants are statistically associated with higher levels of childhood leukemia
(Reynolds et al., 2003).

In a preliminary study extending this work, researchers have estimated that 11% of the infant
mortality in the U.S. is attributable to particulate matter, even at low to moderate levels (Kaiser
et al., 2001). The black infant mortality rate is nearly twice that of the white rate. As such, it is
not surprising that black infant mortality appears to be significantly more sensitive to reductions
in air pollution (total suspended particulates) than white infant mortality (Chay and Greenstone,
2003).

Mercury Exposure
One indirect pathway through which the energy use affects the health of African American is by
increasing exposure to mercury pollution. Methylmercury interferes with the development and
function of the central nervous system in humans (NRC, 2000). A powerful neurotoxin,
methylmercury can cause demyelination of neural axons and delayed nerve conduction
(Wooltorton, 2002; Weir, 2002). Evidence from adults exposed to high levels of mercury
suggests that exposure reduces neurocognitive function, including reduced memory retention,
decreased fine motor skills, and attention deficits. These findings are consistent with the theory
that mercury exposure affects the cerebellum, a region of the brain associated with fine motor
control and coordination (Yokoo et al., 2003). Children and developing fetuses are most
vulnerable to mercury exposure, with prenatal exposure capable of causing later age impairments
in children (NRC, 2000; Budtz-Jorgensen et al., 2002).

While mercury exists naturally in the environment, exposure levels have risen substantially from
ambient levels due to the discharge of mercury from various activities such as the incineration of
municipal and medical waste, and coal-fired power plants (Abelsohn et al., 2002). Coal-fired
power plants are the largest industrial dischargers of mercury, producing approximately one third
(33%) of all mercury pollution in the U.S (EPA, 1997; EPA, 1998). Airborne mercury is
frequently deposited into water bodies where it is biologically converted to methylmercury and
bioaccumulated in the food web. Human exposure to mercury primarily occurs by eating
contaminated fish, particularly carnivorous fish (EPA, 1998). Most of the methylmercury that is
ingested by humans is absorbed, with a half-life in the body of around one and a half months.

Currently, forty-five states in the United States have issued fish consumption advisories
following the wide spread mercury contamination in fish across the country (EPA, 2003a).
Nineteen states out of the above have consumption advisories for every inland water body, and
eleven states for all coastal waters. In 2002, areas with mercury advisories comprised over 12
million acres of lakes and nearly 500,000 miles of American river miles. Studies show that as
recreational fishermen, African Americans are more likely to eat what they catch, eat more of it,
and be less aware of health advisories than the white fish-eating population (Tilden et al., 1997;
Burger et al., 1999; FWS, 1996).
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Climate Change and Water- and Vector-Borne Disease

The final major health concern stemming from climate change is the potential for changes in the
spread of infectious diseases. Climate change brings with it an unknown potential for the
invasion of new or exotic diseases, particularly vector-borne disease with complex transmission
cycles that involve hosts (e.g. mosquitoes) with ranges limited by temperature. Over the past
three decades there has been a global resurgence in the extent of infectious diseases. While it is
recognized that this spread has numerous causes, most notably urbanization and the collapse of
certain public health systems, it has been hypothesized that global climate change has
contributed to this spread (Sutherst, 2004; Epstein, 2002).

Specifically, research has considered two main routes through which climate change influences
the spread of infectious disease. First, by changing the geographical distribution of
environmental conditions suitable to disease pathogens and their vectors, climate change can
change the range and activity of disease (Sutherst, 2004). In particular, insects and ticks are
highly temperature sensitive, such that temperature often constrains the range of the vector-borne
diseases. Epstein (2002) comments that “Ticks have been moving northward in Sweden as
winters warm, mosquitoes are appearing in mountainous regions where plant communities and
freezing levels have shifted upward and glaciers are rapidly retreating.” Small increases in
temperature can, in some instances, increase the risks of transmission of certain diseases
disproportionately (Figure 17).

Figure 17 – Links between environmental changes and disease (Sutherst, 2004)
Global Change Potential effects on vector,

pathogen, and host environments
Potential effects on vectors, pathogens,
and hosts

Higher CO2

concentration
Increased ambient temperature and
plant biomass; range expansion of
woody vegetation; longer plant
growth season with humid
microclimates

Increased vector longevity for the same
rainfall and temperature through more
humid microclimates, with possible range
expansion of humid-zone vectors

Temperature increase
(regional/temporal
variation)

Expansion of warm climatic zones,
with longer growth seasons, less
extreme low temperatures, and more
frequent extreme high temperatures

Faster vector and pathogen development,
with more generations per year; shorter
life spans of vectors at high temperatures,
reduced low-temperature mortality of
vectors, and range expansion of warm-
climate vectors and pathogens

Rainfall Too uncertain and regionally variable
to estimate but increased frequency
of extreme rainfall events

Altered patterns of breeding of
mosquitoes, with more flushing of
mosquito breeding with increased
flooding

For example, an increase of 12-27% in the epidemic potential of malaria has been projected as a
result of climate change (Martens et al., 1997; Cited in, Sutherst, 2004). Similarly, there is clear
empirical evidence that climate change had increased the frequency of cholera in Bangladesh
over the past century (Rodo et al., 2002). The IPCC assessment concludes that in some regions,
increases in temperature will cause vector-borne diseases such as malaria and dengue to spread
to higher altitudes and latitudes, unless limited by the public health system. In other regions,
climate change may decrease transmission rates of certain diseases.
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Second, the prevalence of vector-borne diseases may also be influenced by climate-induced
extreme weather events, such as large-scale flooding. Extreme weather events have the capacity
to change the pattern of epidemics, either by altering habitats or by changing the ecological
landscape by affecting the balance of predators and prey (Sutherst, 2004). For example, floods
can increase disease vectors by creating mosquito breeding grounds or driving rodents from
burrows (Epstein, 2002). The largest outbreak of a vector-borne disease following a natural
disaster in the U.S. was the spread of Western equine encephalitis that followed the Red River
flood of 1975 (Greenough et al., 2002; CDC, 2001). However, statistically detecting changes in
the frequency of communicable diseases attributable to human-induced extreme weather events
remains unlikely given the short time frame involved (Sutherst, 2004).

With respect to the United States, a warmer climate is likely to increase the area hospitable to
certain insects and rodents that can carry a range of communicable diseases including malaria,
St. Louis encephalitis, Western equine encephalitis Lyme disease, Dengue fever, and hanta virus
(Figure 18). For example, since 1957 there have been over 1,000 cases of malaria reported
annually in the United States, primarily occurring after travel or immigration (Gubler et al.
2001). However, in the 1990s several cases of malaria emerged in multiple where the virus was
contracted locally. Though these outbreaks were small, they fit model projections that malaria
occurrence will increase with warmer and wetter weather conditions.

Figure 18 - Major vector-borne diseases expected to see range changes through global
warming (Adapted from Kiska, 2000)

Disease Predicted sensitivity
to climate change

Malaria Highly likely
Filariasis Likely
Onchocerciasis Likely
Schistosomiasis Very likely
African trypanosomiasis Likely
Arboviral disease
     Dengue
     Yellow fever
     Other

Very likely
Likely
Likely

Major epidemics of these diseases in the United States remain unlikely, barring a significant
degradation of the public health system (Sutherst, 2004). The National Assessment (2001)
concluded that, “The moderating effect of [demographic sociological, and ecological] factors
makes it unlikely that increasing temperatures alone will have a major impact on tropical
diseases spreading into the U.S. There is greater uncertainty regarding more indigenous diseases
that cycle through animals and can also infect humans.” While epidemics are unlikely, there
remains considerable uncertainty about the direction and magnitude of changes in the spread of
infectious disease. One element that is clear is the importance of the public health system in
dealing with these diseases (NRC, 2002; IPCC, 2001). Many of these disease cause flu-like
symptoms that can be treated when caught early. However, several diseases can be fatal when
not treated, and even with treatment, can be fatal in seniors and people with compromised
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immune systems. As previously discussed, many African Americans lack health insurance and
regular medical access, are remain particularly at risk.
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Section Two: Economics and Climate Change

Introduction
As with the health effects of climate change, the economic effects of global warming are likely
to be both large and widespread.

The links between climate change and the economy are relatively straightforward. Clearly,
climate and weather wield a strong influence on numerous economic sectors: Climate largely
determines the productivity of our forests and fields, whether we heat or cool our homes, and the
amount of water available to drink or irrigate crops. Similarly, the prevalence of storms and the
variability of weather influence diverse components of the economy such as shipping and
insurance, construction and recreation. Despite these linkages, the precise effects of
anthropogenic climate change on the economy are less clear, because any assessment of change
in future climate remains fraught with uncertainties. There is uncertainty associated with future
levels of greenhouse gas emissions, uncertainty surrounding the impacts of CO2 on climate, the
uncertain effects of climate on the economy, and the unknown potential for climatic and social
catastrophes that would dramatically alter the costs assessment (Clarkson and Deyes, 2002).

Estimates of the Economic Damages from Climate Change
Recently, a number of economic studies have estimated the effects of climate change on the
economy through the use of integrated climatic-economic assessment models (IPCC, 2001;
Clarkson and Deyes, 2002). As a consequence of the multiplicative uncertainties listed above, a
wide range of answers has resulted. Typically, the damages of climate change in the economic
literature are expressed as a figure known as the Social Cost of Carbon (SCC). The social cost of
carbon is the amount of damage in dollars caused by a ton of carbon (in the form of carbon
dioxide) emitted to the atmosphere.

The Intergovernmental Panel on Climate Change (IPCC, 1996) notes that estimates of the
economic damages stemming from the emissions of carbon dioxide range between $9 per ton of
carbon ($9/tC) and $190/tC for the time period 2001-2010, a factor of more than twenty. Recent
reviews have observed even more disparate results: Tol (2003) collected 88 estimates of the
social cost of carbon, from 22 studies. These results ranged from net benefits of $7/tC to massive
costs of $1,666/tC, with an average estimate of over $100/tC across all studies. Given that
humanity currently emits over 6.3 billion tons of carbon annually, the average estimate for total
global damages from climate change across Tol’s survey of the literature is over $600 billion
per year.

Effects on the United States
Clearly, the potential economic effects of climate change are both enormous and uncertain. With
respect to the United States specifically, the most likely scenarios involve alterations in weather
patterns that will affect several sectors of the U.S. economy, most notably the agricultural,
timber, water, energy, and coastal sectors (Mendelsohn, 2002). For example, in different regions,
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agricultural production may be hurt by heat waves or flooding, water resources may be strained
through overuse, and energy prices can be driven up by the increasing demand for air
conditioning or irrigation (Figure 19). Other economic sectors will be affected less directly
through changes in energy and commodity prices.

Figure 19 – Vulnerability of U.S. Economic Sectors to Climate, 1994 (Nordhaus, 1998)

Sector         % GDP   Sector Output (billions)
----------------------------------------------------------------------------------------
Total Gross Domestic Product 100.0          6,931.4

Major Potential Impacts  1.7
Farms  1.2      82.2
Agricultural services, forestry, fisheries  0.5      35.7

Moderate Potential Impacts  4.2
Water transportation  0.2      10.6
Energy  1.2      82.3
Real estate: coastal property  0.9      60.5
Hotels and other lodging places  0.8      56.1
Outdoor recreation  1.2      81.2

Several early studies attempted to quantify this overall economic impact of climate change on the
U.S. by 2050. Modelers estimated that doubling the concentration of atmospheric carbon dioxide
would incur annual economic costs to specific sectors of the economy summing to around 0.2 to
0.9 percent of U.S. gross domestic product (GDP) (see Figure 20).

Figure 20 - Economic Effects of Doubling CO2 (Mendelsohn and Smith, 2002)
Study Change in U.S. GDP
Nordhaus, 1991  -0.3%
Cline, 1992  -0.9%
Fankhauser, 1995 -0.8%
Tol, 1995 -0.4%
Mendelsohn and Neumann, 1999  0.2%

In addition to these impacts on market sectors such as agriculture and forestry, a variety of non-
market impacts are likely to result from climate change, including the detrimental effects on
human health detailed in Section One, as well as negative impacts on wildlife habitat and
ecosystem services, and damages to cultural and amenity values. While few studies have
systematically addressed these non-market impacts of climate change in an economic framework
(Mendelsohn, 2003), their incorporation generally increases the total estimated loss from climate
change to around 1.0 to 1.5 percent of GDP each year (roughly $80 to $120 billion per year).

Multiple studies suggest that these effects are likely to increase prices across the economy,
although the increases will generally be small. American consumers may find that climate
change reduces the relative value of the dollar (Fankhauser and Tol 1996). The most significant
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changes in prices would derive from changes in agriculture, due to changing and unpredictable
growing conditions, and increased costs of electricity, due to an elevated demand for air
conditioning and irrigation. More modest price increases would occur for other agricultural and
silvicultural products such as tobacco, lumber, and textiles, due to weather variability (Scheraga
et al. 1993). Of all the sectors, the impacts of warming on agriculture are likely to be the most
important market effect of climate change (Mendelsohn, 2002).

The Pivotal Role of Agriculture
Early work on the effects of climate change on agriculture suggested extremely large, negative
impacts. For example, Scheraga et al. (1993) estimate that worldwide agricultural production
will fall by 10 percent relative to the baseline by 2050, which could increase global food prices
as much as 20 percent (Scheraga et al. 1993). As a consequence, the study estimates that the
relative decrease in real household consumption in the United States in 2050 due to climate
change will be approximately $200 billion (in 1990 dollars). Of that $200 billion decline, almost
three-quarters would come from effects on the agricultural sector, corresponding to a total loss of
$711 per person (in 1990 dollars). Since low-income households spend proportionally more of
their income on food and energy (see Chapter Two), their decline in real consumption from the
impacts of climate change be significantly greater than that of wealthier households. Forced to
spend more for basic necessities, low-income households will have even less potential to
purchase less-essential goods.

The Role of Adaptation
Several recent reviews (e.g. Mendelsohn, 2003; Pearce, 2003; Tol and Downing, 2000) have
downplayed the economic risk detailed in earlier studies by noting that adaptation can reduce
many of the damages. Clearly adaptation is important in many sectors. For example, farmers can
switch the types of crops they plant in anticipation of warmer weather or reduced water supplies.
As such, they may even be able to maintain their incomes or even use climate change to their
economic advantage under certain scenarios (Doering et al., 2002). Because of they neglected
adaptation, many of the early estimates of the monetary damages of climate change may be
overstated.

Most optimistic scenarios that assume perfect adaptation find that a relatively small amount of
warming (1.5 to 2.5 degrees C) may actually benefit agriculture and forestry (e.g. Mendelsohn
and Smith, 2002), while others find small losses (Nordhaus and Boyer, 2000). As climate change
continues and warming increases (e.g. 5 degrees C), those benefits are likely to be outweighed by
the detrimental effects (Mendelsohn and Smith, 2002). The National Assessment of Climate
Change indicates that about half of the modeled scenarios result in small losses for the U.S.,
while the other half results in small gains. Under most of these scenarios consumers benefited
from lower prices. However, consumer savings on food and clothing expenditures were generally
less than one percent of current expenditures on these products (Reilly et al., 2001).

However, none of these assessments included the potential effects of extreme weather events
such as flooding, drought, and heat waves. Nor do current models incorporate the potential
effects of increased ranges of pests, diseases, and insects, let alone damages to ecosystems or
non-market values. The authors of the National Assessment conclude that, “Ultimately, the
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consequences of climate change for US agriculture hinge on changes in climate variability and
extreme events. Changes in the frequency and intensity of droughts, flooding, and storm damage
are likely to have significant consequences (Reilly et al., 2001).”

Regional Differences
While the net economic effect of climate change on agriculture may be positive or negative,
there are significant regional disparities under different climate change scenarios. In the United
States, longer growing seasons in the colder areas and the CO2 fertilization effect could increase
productivity in some regions, while heat stress in the South, increased evaporation, and changes
in pest populations could negatively effect agricultural production. Predominantly White
agricultural producers in the Midwest, Northern Plains, and Northwest show gains under climate
scenarios with adaptation, while the Southwest, New England, the Southern Plains, and the
Southeast are all negatively affected under some scenarios even with full adaptation (Adams and
McCarl, 2002). For example, one study estimated that agricultural production will fall by 16
percent in the Southern Plains and 21 percent in the Delta states (Adams, Hurd, and Reilly 1999).
Modeling by Pfeifer et al. (2002) indicates that even within the relatively stable Upper Midwest,
southern locations generally have the same or lower agricultural yields, in contrast to northern
locations. Households that rely upon farming in the Southern Plains and Delta states will see
their incomes fall from decreased agricultural production. Across the range of scenarios
surveyed, the National Assessment determined that, “The southern region of the US is
persistently found to lose both relative to other regions and absolutely. The likely effects of
climate change on other regions within the US are less certain (Reilly et al., 2001).”

With respect to African American farmers specifically, little information is available. With
respect to minority-owned businesses in Agriculture, Forestry, and Fisheries, The 1997 Census
of Minority Owned Firms indicates that only 2.5% of businesses in the Agriculture, Forestry, and
Fisheries sector are owned by African Americans (Census, 2001). Collectively, those operations
accounted for just 0.65% of sales and receipts. Similarly, the Current Population Survey
indicates that less than three percent of African Americans are farmers, and that the few African
Americans who are farmers are concentrated predominantly in the South, the region most likely
to be negatively affected by climate change (Data from CPS, 2004).

The Role of Catastrophe
However, adaptation is most likely to occur when climate change occurs gradually, and even
then it may be too fast for natural systems or for groups lacking the economic resources to adapt
quickly. As such, the rate of change is very important. The National Research Council (NRC,
2002) reports that with the limited adaptation likely from an abrupt climate change scenario,
economic-climate models predict global impacts on agriculture from $100 billion to $250 billion
for a 4°C temperature rise:

“Serious impacts to ecological or economic capital stocks can occur when they
are disrupted in a manner preventing their timely replacement, repair, or
adaptation. It is generally believed that gradual climate change would allow much
of the economic capital stocks to roll over without major disruption. By contrast,
a significant fraction of these stocks probably would be rendered obsolete if there
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were abrupt and unanticipated climate change. For example, a rapid sea-level rise
could inundate or threaten coastal buildings; abrupt changes in climate,
particularly droughts or frosts, could destroy many perennial crops, such as
forests, vineyards, or fruit trees; changes in river runoff patterns could reduce the
value of river facilities and floodplain properties, warming could make ski resorts
less valuable and change the value of recreational capital…”

Similarly, wide-scale drought could have devastating impacts on the U.S. economy.  The Palmer
Drought Severity Index (PDSI) is a measure of drought severity. The maps in Figure 21 are
taken from the National Climate Assessment, and show modeled changes in the PDSI over the
21st century, based on two efforts: the Canadian and Hadley climate scenarios. The Canadian
scenario projects widespread intense droughts over much of the nation by 2100. In contrast, the
Hadley model projects much more moderate conditions. This disparity illustrates the
considerably uncertainty that remains in estimating effects of climate change on extreme weather
events, and demonstrates that the potential for large-scale weather disruptions exists.

Figure 21 – Projected Increases in Drought in 2100 (Reilly et al., 2001)

Economic studies that have included the potential for such abrupt catastrophes, notably a
breakdown of the thermohaline circulation or a collapse of the West Antarctic ice sheet, have
uncovered dramatically increased costs of global warming. For example, Gjerde et al. (1999)
found that the emissions reductions required for potential catastrophic damages exceed the
corresponding reductions for continuous damages. A more recent analysis by Pizer (2003)
calculated that damages per ton of carbon will reach $30/tC by 2060 if the potential for
catastrophe is excluded. However, damages may reach $500/tC (more than seventeen times
larger) if catastrophic risks are not ignored. Similarly, many of the scenarios detailed in the
Defense Department’s review of catastrophic climate change would entail vast social costs
(Schwartz and Randall, 2003). Resource wars over water and food, forced migration, and other
socially-contingent economic damages may be of dramatic proportions.

Forests
Similar to the predicted effects on crops, forests and forest products are likely to be directly
affected by climate change. Nearly one-third of the United States is covered in forests, primarily
in the eastern and western regions of the country (Figure 22). As with agriculture, climate change
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will affect these regions differentially. Most models predict an overall increase in forest
productivity due largely to the fertilization effects of carbon dioxide, triggering decreases in the
costs of wood and paper products.

Figure 22 – Forest Distribution in the United States (Joyce et al., 2001)

However, forests are also susceptible to changes in weather including drought and wildfires. The
National Assessment’s review of climate and ecological models indicates that the seasonal
severity of fire hazards is likely to increase by around 10% across much of the United States,
with larger increases possible in the southeastern U.S. and Alaska (Joyce et al., 2001). Similarly,
alpine and sub-alpine habitats in the conterminous United States will be severely affected by
climate change, with ranges of some tree species such as sugar maples contracting dramatically.

Insurance
The insurance industry is one of the economic sectors most vulnerable to global warming and
consequently has been one of the industries most vocal about the issue.  Insurance companies are
concerned about climate change both because of the increased unpredictability and the increased
likelihood of extreme weather events associated with climate change including heavy storms,
flooding, drought, wind, and wild fires (IPCC, 2001). A recent report by a Swiss reinsurer noted
that climate has the potential to increase catastrophic losses in some regions. The report
comments that, “Exposure to certain extreme weather events may increase in the 21st century on
account of both established and expected climate change. In the long term, climate protection
measures are necessary to buck this trend (e.g. reducing greenhouse gas emissions, scaling back
the use of fossil fuels, developing new technologies) (Sigma, 2004).” There has been a marked
increase in insurance claims over the past three decades, though it is difficult to quantify to what
extent this is due to climate change.
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An unforeseen rise in the number extreme weather events, particularly coastal storms, could be
devastating to the insurance industry.  There is over $2 trillion in insured property along the
Atlantic and Gulf coasts alone.  A research study by the insurance industry estimates that a class-
5 hurricane (equivalent to the 1998 Hurricane Mitch) striking Miami or a class-4 hurricane
(equivalent to the 1992 Hurricane Andrew) making landfall at New York City would generate
around $50 billion in damages (World Press Review, 1995).

Sea Level Rise
In addition to changes in weather, global climate change is likely to cause economic impacts by
increasing the physical level of the ocean. Over the past century, ocean temperatures have risen
significantly and sea level has already risen by 4 to 8 inches. Sea ice across much of the Arctic
has thinned by one to two meters, losing almost half of its thickness over the past forty years
(Field et al., 2001).  Continued polar ice melting and thermal expansion of the ocean are
expected to cause further sea level rise between one and four feet in the next century (EPA,
2004).  This will have a variety of economic impacts over the United States’ 100,000 miles of
coastline, including:

• Coastal property will be damaged or lost.  Some of this property may be protected by
dikes and other structures, which, while expensive, may be more cost-effective than
abandoning the properties. For example, New Orleans—a predominantly African
American city—already lies two feet below sea level, and will come under increasing risk
from floods. The UK government expects flood damage to increase by up to a factor of
30 over the next 75 years (King, 2004).

• Wetlands and low lying land could be flooded leading to lost agricultural and other lands
as well as lost ecological services. The ecological services provided by wetlands are
substantial. One of the seminal works on ecosystem services estimates that estuaries and
tidal marshes provide society with services (e.g. food production, nutrient cycling and
waste treatment) valued at over $9,000 and $6,000 respectively (Costanza et al., 1997).
Tidal marshes in particular are vulnerable to rising waters, as their retreat is often cut off
by development.

• Beaches are currently being eroded across the nation, leading to economic losses
associated with public and private recreation.

• Fisheries may be damaged, both by saltwater intrusion into freshwater areas and by the
flooding of estuarine and marshland habitats.

• Fresh water aquifers used by municipalities could be damaged by saltwater intrusion.

Clearly the overall impacts of sea level rise will be negative and are likely to be large. However,
because of the uncertainty associated with the overall magnitude of sea level rise and the variety
of sectors impacted and adaptations possible, no credible overall estimate for damages has been
produced.

Changing Precipitation and Water Flows
Climate change is expected to lead to changes in rainfall patterns making some areas of the U.S.
drier and other areas wetter.  Some areas are likely to see drops in lake levels and river and
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stream flows, while the reverse will occur in other regions.  There are a number of potential
economic impacts of these changes.

• Hydropower production will be affected by changing water flows.
• Municipal water supplies are likely to be affected.  Municipalities with decreased or

degraded water supplies could suffer substantial economic consequences.  Saltwater
intrusion in aquifers from rising sea levels could also affect municipal water supplies.

• Changing water levels may affect navigation, requiring new navigational infrastructure.
• Flooding intensity and frequency could increase in some areas, causing direct economic

damage or leading to abatements costs.

Economic Effects on African Americans
With respect to the economic effects of climate change specific to African Americans, it is
difficult to disaggregate the general effects to this more detailed level. The main effects are likely
to be borne by African American consumers, as opposed to entrepreneurs, who are scattered
across a number of industries. Generally, increases in the prices of food or energy are felt most
by those with low incomes who spend a larger fraction of their expenditures on these categories.
African Americans currently dedicate a significantly larger fraction of their expenditures to these
purchases than others do, even when adjusted for total spending. As a consequence, African
Americans may be most affected by changes in the prices of these commodities due to climate
change.  Chapter Two will investigate in greater detail the extent to which African Americans are
vulnerable to increases in the prices of these commodities.
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Chapter Two:  The Greenhouse Gas Footprint of African-
Americans

Chapter Findings:

African Americans are less responsible for causing climate change than other Americans. On
average, Blacks emit 20% less carbon dioxide in total than Whites. However, despite emitting
less carbon, African Americans are more affected by changes in energy prices, as Blacks spend a
significantly higher fraction of expenditures on energy and fuels than others do.

Average Emissions by Race
African Americans contribute significantly less to greenhouse gas emissions than others in the
U.S. This finding is true for both direct emissions of carbon dioxide from energy use, and for
indirect emissions, or emissions generated during the production or delivery of consumed
products.

1) African Americans generate roughly 20% less carbon dioxide than Whites on both a per
capita basis.

2) In 2002, African American households were responsible for releasing an estimated 165
million tons of carbon, roughly half of which occurred through energy use and half of
which occurred through the purchase of other goods and services that required energy to
produce and deliver.

3) On average, African American households generate 14% less carbon than White
households directly through fuel use (i.e. gasoline, electricity, natural gas, and home
heating), but are responsible for emitting 36% less carbon indirectly through other
purchases.

4) Despite emitting less carbon, African Americans spend a higher fraction of expenditures
on carbon-intensive purchases. Consequently, African Americans are more likely to be
affected by changes in the price of energy or carbon. In particular, low-income African
Americans are among the most vulnerable populations in society to sudden increases in
the price of energy.

Average Emissions by Race and Income
The major source of difference in average household carbon emissions is variation in income.
The wealthiest deciles emit several times as much carbon as the poorest deciles. Blacks currently
comprise a quarter of all Americans living in poverty, and 22% of individuals with household
incomes of less than 150% of the federal poverty standard. As a consequence, blacks emit
considerably less carbon dioxide. However, in addition to this income effect, there are significant
income-independent factors with respect to carbon emissions and race.
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5) There is a large difference in the direct carbon emissions per dollar of expenditure
between Blacks and Whites, particularly in the bottom half of the income bracket.
African Americans spend a larger fraction of expenditures on fuels. This is particularly
true in the lowest income bracket where the carbon intensity of Black expenditures is
nearly 50% greater than the intensity of non-Black expenditures.

6) With respect to indirect carbon emissions per dollar of expenditure, there is no
statistically significant variation, either by race or by expenditure decile. The average
dollar spent by any group has indirect carbon dioxide of between 0.20 and 0.23 kg.

Average Emissions by Race and Region
African Americans have significantly smaller carbon footprints than Whites across all four
regions.

1) In all four regions, Blacks emit less carbon dioxide than their White neighbors. There are
only modest differences in the size of the African American carbon footprint across
regions.

2) For Blacks, average carbon emissions are highest in the West, followed by the South and
Midwest, and lastly the Northeast.

3) Blacks and Whites living in the South have the highest direct carbon dioxide emissions of
any region, but also have the lowest indirect carbon dioxide emissions, resulting in an
average total emission. In contrast, Blacks and Whites living in the West have the highest
indirect carbon dioxide emissions in the nation, but average direct carbon emissions.

Average Emissions by Race and Urbanization
African Americans have significantly smaller carbon footprints than Whites in both urban and
rural settings. In 2002, rural households had 8% smaller carbon footprints on average than urban
populations, regardless of race.

1) Blacks have smaller carbon footprints than Whites in both urban and rural communities,
but dedicate a larger share of income to direct energy purchases in both settings.

2) African Americans in rural areas have the smallest carbon footprint of any of the four
groups, 23% below the national average. As a share of expenditures, rural Blacks
dedicate between 10% and 11% of expenditures to energy, nearly double the fraction
spent by urban Whites.

3) African Americans in urban areas have carbon footprints slightly larger than the rural
Black footprint, but still 15% below the national average.
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Chapter Two – The Greenhouse Gas Footprint of African
Americans

Introduction

Chapter Two provides a quantitative analysis to estimate African Americans carbon dioxide
emissions. Specifically, the analysis looks at both direct carbon dioxide emissions from fuel and
energy use, and indirect carbon dioxide emissions in the fuel used to produce other goods and
services consumed by African Americans. For the first time in the literature, U.S. carbon dioxide
emissions have been disaggregated by several important factors including race, income, region,
and occupation.

Purpose and Outline
Chapter Two explores the contribution of African Americans to global climate change by
modeling current greenhouse gas emissions, based on consumption data. This analysis is
intended to provide insight into two important issues.

First, estimates of carbon dioxide emissions by group are of great concern for equity
considerations. Determining to what extent African Americans are responsible for greenhouse
gas emissions can highlight the disparity between those who cause the problem and those who
bear the costs. The difference between the distribution of costs and benefits is a fundamental
component of cost-benefit analysis, as well as of moral concern.

Second, the analysis of emissions provides important and as yet unquantified information on how
policies that combat global warming will specifically affect the African American community.
Most climate policies have some effect on energy prices, which in turn, have significant effects
on consumers, both directly and indirectly. Directly, consumers purchase a variety of energy
products such as electricity, gasoline, and heating fuels. These expenditures generally comprise
anywhere from 5% to 15% of total household expenditures depending on factors including
income and race. Apart from fuel, the remainder of one’s income is spent on a wide range of
goods and services, each of which employs some amount of energy in the production and
distribution process. As a consequence, changing energy prices can indirectly affect the prices of
almost all goods or services that consumers can purchase. The extent to which African
Americans spend a greater or lesser share of income on energy (directly or indirectly) can serve
as a proxy for the community’s vulnerability to changes in energy prices. Moreover,
vulnerability varies not just by race, but also by other factors such as region and income. This
analysis helps to determine exactly who is most vulnerable to change, thereby informing policy
decisions that attempt to offset or avoid regressive effects.

The Chapter graphically presents results from the several factors analyzed:
• Average Emissions and Cumulative Emissions by Race
• Average Emissions by Race and Expenditures
• Average Emissions by Race and Region
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• Average Emissions by Race and Urbanization

Methodology
The methodology combines two data sets. The first is consumption data from the Consumer
Expenditure Survey (2002), administered by the U.S. Bureau of the Census, which provides
information on household expenditures on a range of products for a representative sample of the
American population. Consumer Expenditure (CEX) data can be broken down along a number of
lines including region, income, and race. The CEX data set on consumer purchases has been
combined with Bureau of Economic Analysis figures on carbon emissions by industries. The
carbon figures have been run through an Input-Output analysis to estimate the indirect carbon
intensity of products consumed by consumers. In addition, the direct carbon intensity of fuels is
incorporated. The analysis has been restricted to carbon dioxide emissions, which globally
account for approximately 60% of current anthropogenic radiative forcing. An analysis of other
gasses (e.g. methane, sulfur hexaflouride, nitrous oxide, etc.) is clouded by the difficulties in
obtaining precise emissions figures, and is consequently left for future studies.
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Analysis

Cumulative and Average Emissions by Race

In 2002, African Americans (defined in the Census as Non-Hispanic Blacks) were responsible
for releasing an estimated 165 million tons of carbon, or 9.3% of the national total. Of that 165
million tons, 86 million tons were direct emissions from energy purchases and 79 million tons
were indirect emissions, or emissions occurring during the production or delivery of goods and
services purchased by African Americans (Figure 2.1). Respectively, African Americans were
responsible for 10.1% of national direct emissions and 8.6% of national indirect emissions.

Figure 2.1 - Cummulative Carbon Emissions 
by Race
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The results of this analysis indicate that, in per household or per capita terms, African
Americans emit significantly less carbon dioxide either directly or indirectly than other
groups. African Americans generate roughly 20% less carbon dioxide than Whites on both a per
household and a per capita basis (Figure 2.2 and Figure 2.3).

Figures 2.2 and 2.3 also illustrate that there is a difference in both direct and indirect emissions
by race. The difference between average Black and White emissions is much larger for indirect
carbon dioxide emissions than for direct emissions, implying that Whites have larger incomes on
average. Whites generate approximately 14% more carbon dioxide directly through fuel use (i.e.
gasoline, electricity, natural gas, and home heating). However, indirectly Whites release 36%
more carbon dioxide than Blacks.

The analysis indicates that on average Blacks lead more environmentally responsible life-styles.
The typical black household uses significantly less gasoline and electricity than other groups, and
emits less carbon dioxide. To some extent this reflects the African American community’s
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greater reliance on public transportation and greater residence urban areas where public
transportation is more feasible. In addition, the spending patterns indicate that African
Americans are simply less prolific consumers than the rest of America, spending a considerably
smaller amount per capita on other energy-intensive material goods, thereby contributing more
than one-third less to indirect carbon dioxide emissions.

Overall, the data presented indicates that Blacks both directly and indirectly emit less carbon
dioxide than Whites. As such, Blacks are simply less responsible for the U.S. contribution to
climate change than Whites.

Figure 2.2 - Average Household Carbon 
Emissions by Race
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Figure 2.3 - Per Capita Carbon Emissions by 
Race
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Average Emissions by Income Group

Whereas Section 2.2 demonstrates that Blacks emit less carbon dioxide than Whites, the analysis
does not provide any guidance on the vulnerability of different races to changes in the energy
system. Section 2.3 investigates average emissions by expenditure levels (a proxy for income).4

The basic finding is that households in the lower expenditure deciles emit less carbon dioxide
(either directly or indirectly), but are forced to spend a greater share of their income on these
energy purchases.

Figure 2.4 illustrates that average carbon dioxide emissions are highest in the wealthiest
segments of society, regardless of race. This is true for both direct and indirect carbon emission
(Figure 2.5 and 2.6). As a consequence, the less-wealthy half of America is far less responsible
for carbon dioxide emissions, with the average household in the wealthiest decile emitting
roughly seven times as much carbon dioxide as the average household in the bottom expenditure
decile. Due to the relatively close correlation between total expenditures and total emissions it is
difficult to discern any significant effects by race. At present, White Americans are more likely
to be in the highest income deciles and as such to represent the largest contributors to carbon
dioxide emissions.

Figure 2.4 - Average Total Carbon Emissions by 
Expenditure Decile
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4 Much of the analysis is broken down by expenditure decile, rather than income decile. Expenditure is used as a
proxy for income information, because reported income has empirically been unreliable. Many households under-
report income either through error (e.g. not reporting gifts, etc) or intentionally (e.g. illegal incomes), while other
households either borrow or save money to offset changes in income over longer periods of time. As such,
expenditures as a percentage of total expenditures provide a normalized and reliable estimate of a group’s
vulnerability to energy prices.
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Figure 2.5 - Average Direct Carbon Emissions by 
Expenditure Decile
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Figure 2.6 - Average Indirect Carbon Emissions by 
Expenditure Decile
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The previous graphs indicate that non-Blacks and those in the higher expenditure deciles are
disproportionately responsible for climate change in the United States. However, the analysis can
give a misleading impression of vulnerability to changes to the energy system. In order to
estimate how much groups spend on energy, it is possible to look at carbon dioxide emissions
per dollar of total expenditure by race and expenditure decile (Figure 2.7). From this analysis it is
evident that even though Blacks are less responsible for climate change, Blacks spend a higher
fraction of expenditures on carbon-intensive purchases in the lowest five income deciles (Figure
2.7).

Figure 2.7 - Average Total Carbon Emissions per 
Dollar Expenditure, by Expenditure Decile
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When total carbon emissions are split between direct and indirect carbon emissions the trends
become more clear. With respect to direct carbon emissions from fuels, there is a large racial
difference between Blacks and Whites by expenditure, particularly in the bottom half of the
income bracket (Figure 2.8). Notably, in the first expenditure decile, the amount of carbon
released by African Americans per dollar spent is 60% greater than for non-Blacks. Notably,
carbon emissions from electricity and home heating use are significantly higher for African
Americans than for non-African Americans in the same income decile. In contrast, gasoline and
motor oil expenditures are lower for African Americans than others in every decile.

These findings indicate that low-income African American families are among the most
vulnerable sections of society to increases in the price of energy. Increases in the price of energy
(or carbon), would have over three times as large an impact on African Americans in the poorest
expenditure decile than those in the wealthiest decile. This is particularly true for changes in the
price of home heating fuel and electricity.
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Figure 2.8 - Average Direct Carbon Emissions per 
Dollar Expenditure, by Expenditure Decile
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With respect to indirect carbon emissions per dollar of expenditure, there is essentially no
statistically significant variation, either by race or by expenditure decile (Figure 2.9). Regardless
of income or race, the average dollar spent by any group has indirect carbon dioxide of between
0.20 and 0.23 kg. These findings surprisingly indicate that the average carbon intensity of non-
energy consumption is relatively constant regardless of changes in overall income.

Figure 2.9 - Average Indirect Carbon Emissions per 
Dollar Expenditure, by Expenditure Declie
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The results of Section 2.3 indicate that, relative to high-income African Americans or the poor in
general, low-income African Americans are far more vulnerable to high energy prices or carbon
prices for multiple reasons.

First, African Americans in the lowest income deciles spend a higher fraction of their
expenditures on direct energy purchases (Figure 2.7). Low-income African Americans spend a
larger fraction of expenditures on energy than any other income or racial group, and by a wide
margin. African Americans in the lowest income decile reported spending 13% of total
expenditures on direct energy purchases, relative to just 9% of total expenditures for other
Americans. Incorporating indirect carbon emissions dampens the trend somewhat, but not
entirely.

Second, African Americans are more likely to have lower incomes than non-African Americans.
Currently, African Americans make up 12.7% of the U.S. population. However, African
Americans currently comprise a quarter of all Americans living in poverty, and 22% of
individuals with household incomes of less than 150% of the federal poverty standard.  The
effects of this disparity are likely to be significant. The available of reliable and affordable
energy is essential to general health and well-being. African Americans are consequently
substantially more likely to be “fuel poor”; spending a substantial fraction of their income on
energy requirements and therefore forced to choose between purchasing fuel (home heating and
cooling, transportation, cooking fuel, etc.) and purchasing other household necessities. Policies
that increase the price of energy or carbon emissions ought to consider these differences prior to
implementation.

While African American households emit significantly more direct carbon than non-African
American households in the same income decile, the reasons are unclear. The analysis appears to
indicate that some African American households are less energy efficient than other households.
This may be due to several factors including poor building stock, inefficient appliances, etc. A
contributing factor is the fact that homeowners are more likely to invest in energy efficient
appliances and weatherization than home renters. The percentage of African Americans who rent
rather than own homes is over 50%, compared to just 25% of non-African Americans (Figure
2.10). Moreover, the percentage of African Americans renting homes is concentrated in the
lower half of the income bracket where the divergence in emissions per dollar is most striking.

Figure 2.10 - Home Ownership by Race
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Average Emissions by Race and Region

In addition to income, it is possible to examine differences in carbon emissions by race and
region. The majority of African Americans live in the South, and may be subject to different
patterns of energy use (e.g. through heating and cooling requirements) than those in other
regions.

The fundamental finding of a regional breakdown is that the significant difference in the carbon
footprints of Blacks and Whites exists across all four regions (Figure 2.11). In every single
region in the United States, Blacks emit less carbon dioxide than Whites. There appears to be
only modest differences in average emissions by region with racial groups. Overall, there is less
than 5% variation in the average carbon dioxide footprint of Whites across the four regions. For
Blacks, variation is only somewhat more significant, at 17%.

 2.11 - Average Total Carbon Emissions by Race 
and Region
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For Blacks, average carbon emissions appear to be highest in the West, followed by the South
and Midwest, and lastly the Northeast.5 Average carbon emissions were highest for Whites in the
West and Northeast, followed by the South and Midwest.

As with emissions by income, further detail can be gained by breaking out direct and indirect
carbon dioxide emissions (Figure 2.12). Regional differences in the two types of emissions
appear to partially offset each other. For example, Blacks and Whites living in the South have the
highest direct carbon dioxide emissions of any region, but also have the lowest indirect carbon
dioxide emissions, resulting in a near-average total emission. In contrast, Blacks and Whites
living in the West have the highest indirect carbon dioxide emissions in the nation, but the lowest
direct carbon emissions.

                                                  
5 This difference may also be due to regional variations in the price of energy – a factor which was not explored in
this analysis.
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Figure 2.12 - Carbon Emissions by Race and Region
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In policy terms, these findings imply that, for consumers, changes in the price of energy or
carbon emissions are not likely to have huge regional differences. However, small differences,
particularly in the split between direct and indirect carbon, may need to be addressed on policy
fronts.
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Average Emissions by Race and Urbanization

A third factor analyzed in combination with race and carbon emissions is the difference between
urban and rural populations. There are large differences between patterns of energy use in urban
and rural communities, both with respect to direct fuel consumption, and the purchase of other
goods and services. Again, this segmentation indicates that Blacks have lower carbon dioxide
emissions than the rural and urban White counterparts. In addition, this analysis indicates that
urban populations have approximately 8% higher carbon emissions than rural populations for
both Blacks and Whites (Figure 2.13).

Figure 2.13 - Carbon Emissions by Race and 
Urbanization
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With respect to direct and indirect emissions, the differences are even larger. Due in part to
higher expenditures on gasoline and motor oils, rural populations actually have higher direct
emissions of carbon dioxide than urban populations. However, because rural communities tend
to be less wealthy, they have significantly lower indirect emissions of carbon dioxide for both
Blacks and Whites (Figure 2.14 and Figure 2.15). This difference in indirect emission large
enough that, on average, urban populations have larger carbon footprints.

With respect to racial differences, Blacks have smaller average carbon footprints in both urban
and rural communities, but dedicate a larger share of income to direct energy purchases. Policies
that differentially increase the direct prices of fuels purchased by consumers, but not industry,
will selectively harm African Americans and in particular, rural African Americans.
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Figure 2.14 - Carbon Emissions by Race and 
Urbanization
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Figure 2.15 - Carbon Emissions by Race and 
Urbanization
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Rural Blacks:
African Americans in rural areas have the smallest carbon footprint of any of the four groups,
23% below the national average. This is driven by the fact that indirect carbon emissions in this
group are very small, or more than 40% below the national average (Figure 2.14 and Figure
2.15). In contrast, rural Blacks have relatively high direct carbon dioxide emissions (within 4%
of average), indicating that they spend a very high proportion of income on direct energy
purchases. As a share of expenditures, rural Blacks dedicate between 10% and 11% of
expenditures to energy, nearly double the fraction spent by urban Whites (Figure 2.16). As a
consequence, African Americans living in rural areas may be more vulnerable to sharp increases
in the price of certain forms of energy (e.g. gasoline).
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Urban Blacks:
The carbon footprint of African Americans in urban areas is slightly larger than the rural Black
footprint, but still 15% below average. As with rural Blacks populations, direct emissions of
carbon dioxide are high (within 10% of the national average) but indirect emissions from other
goods and services are small (Figure 2.14 and Figure 2.15). It is interesting to note that while
urban Black households also dedicate a higher fraction of expenditures to direct energy
purchases (Figure 2.16), the types of energy forms purchased are markedly different. Blacks
purchase less electricity as a fraction of expenditures than others, but considerably more home
heating fuels. In contrast, motor oils and gasoline are comparably low for all urban populations.

Figure 2.16 - Direct Energy Expenditure as a Share 
of Total of Expenditures
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Chapter Three: An Analysis of Energy and Climate Change
Policy Proposals

Chapter Findings:

In addition to the effects of climate change itself, energy and climate related policies will have an
array of effects on African Americans. The main areas include:

Health Effects of Climate Polices on African Americans

1) Climate policies generate a variety of benefits for African American health. These
include benefits resulting from reduced global warming (e.g. fewer heat deaths or
malaria deaths), as well as ancillary benefits from reductions in other pollutants.

2) Climate policy may save as many as 10,000 African American lives per year, through
reductions in local air pollution.

3) Other benefits may include reduced air pollution, reduced traffic congestion and
vehicle accidents, reduced damages to materials and crops, improved visibility,
reduced solid waste loads, and new market opportunities for eco-friendly
technologies.

4) The optimal climate policy from a health perspective involves substantial reduction in
carbon dioxide emissions and associated pollutants, and encourages international
cooperation in mitigating climate change.

Economic Effects of Climate Polices on African Americans

1) There is an economic consensus that for many policies to reduce greenhouse gas
emissions, the total benefits outweigh the total costs.

2) Climate policies will affect African American consumers by changing the price of
energy. Such changes may be positive or negative depending on the specific portfolio
of policies. In general, African Americans are more sensitive to changes in the price
of energy, and particularly the African American poor.

3) Perhaps the main economic effect of a robust climate policy is the potential to reduce
the vulnerability of the U.S. economy to recessions triggered by oil price shocks.
Such recessions have terrible effects on African Americans.

4) Properly designed climate policies can have positive effects on employment, with
some studies finding employment gains in the range of 800,000 to 1,400,000 new
jobs.
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Introduction

Chapter Three is an analysis of how African Americans are affected by climate policies. The
goal of this chapter is to identify the means through which climate policies and elements of
climate policies impact the African American community. As a preface, it is important to
distinguish the effects of climate change from the effects of climate change policies. Whereas
Chapter One discussed the health and economic consequences of climate change itself, Chapter
Three addresses the health and economic consequences of an array of policy options that exist to
mitigate climate change, particularly as they relate to African Americans.

For clarity, this report has operationally defined “climate-related policies” as any policy likely to
have a significant effect on greenhouse gas emissions. Due to the overwhelming contribution of
fossil fuel combustion to global warming, “climate policy” and “energy policy” are almost
inseparably intertwined.

Chapter Three is divided into two main sections. The first section of Chapter Three examines, in
general terms, the economic effects of climate policy. This section is concerned with outlining
the relationship between African American health, the economy and climate policy, including the
effects of climate policy on energy prices and the macroeconomy, as well as impacts on African
American employment. With that as background, the second section of Chapter Three explores a
range of specific policies that are part of existing or new legislation being considered for
reauthorization or alteration. The benefits and drawbacks of each policy are considered,
alongside their specific implications for African Americans.
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Section One: The Economic and Health Effects of Climate Policy on African
Americans

The toolbox of climate policy options includes a wide range of subsidies and taxes, permits and
fees, regulations and laws, many of which can operate counter to each other. As a result, it is
difficult to accurately characterize how “climate policy” in general will benefit or harm the
African American community. In order to better structure this discussion, this section discusses
the main types of effect climate policies will have on African Americans.

This section briefly examines two key ways in which climate policies can affect African
Americans and others:

1) Health benefits of climate policy to African Americans,
2) Economic effects of climate policy on African Americans,

In particular, the economic effects of climate policy are explored on several levels, including the
direct effects of changing energy prices, the indirect effects of macroeconomic vulnerability to
oil price shocks, and the net effect of climate policy on employment and GDP. Section 1
concludes with a summary of the findings that describes elements of an optimal climate policy
for African Americans.

Health Benefits of Climate Policies to African Americans
One of the fundamental benefits of any policy aimed to mitigate climate change is that it will
reduce the health and economic harms of global warming outlined in Chapter One. As previously
detailed, African American health will be disproportionately affected by climate change in a
number of ways including a likely increase in heat-related deaths, air pollution, extreme weather
events, and communicable disease.

With respect to the direct health and economic impacts of climate change itself, benefits will be
proportional to the extent that humanity slows growth in the atmospheric concentration of CO2

and other greenhouse gasses. Because CO2 is a global pollutant, reductions will depend on total
global emissions. However U.S. action on climate change is of primary importance for two
reasons. First, the U.S. currently accounts for roughly a quarter of current global CO2 emissions,
making it the largest single source of global warming. Second, international cooperation on
greenhouse gas emissions has been severely hindered by the lack of aggressive action in the U.S.
Ratification of the Kyoto protocol or an alternative international accord will continue to depend
on U.S. involvement in the process.

In contrast to the direct health benefits of reducing greenhouse gasses globally, the ancillary
benefits of action to reduce climate change will be reaped locally and regionally. As discussed in
Chapter One, the energy consumption that causes climate change also generates a variety of
other health and economic harms for African Americans. In turn, policies that reduce greenhouse
gas emissions will also have a variety of ancillary benefits, or “co-benefits” to African American
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communities (Kousky and Schneider, 2003; Dessus and Connor, 2003; Gielen and Moriguchi,
2002). These benefits may include:

• Reduced air pollution, health and environmental damages.
• Reduced traffic congestion and vehicle accidents.
• Reduced materials and crop damage.
• Improved visibility.
• Reduced solid waste loads.
• New market opportunities for eco-friendly technologies.

While significant uncertainties are associated with monetizing these benefits (Rabl and Spadaro,
1999), it is important to include co-benefits in analyses of the costs and benefits of CO2

mitigation. This is because these benefits, particularly the health benefits, are generally
comparable to the economic costs of reducing carbon emissions (Aunan et al., 2004). Ekins
(1997) writes that, “At present the secondary benefits of reducing CO2 emissions are of the same
order of magnitude as gross abatement costs for significant levels of abatement…. It begins to
seem as if there is a strong economic case for reducing the consumption of fossil fuels,
irrespective of the threat of global warming, in order to reduce other polluting emissions.”
Similarly, Burtraw et al. (2003) modeled the ancillary benefits of a $25 carbon tax on the
electricity sector in the United States. They found that every ton of carbon avoided yields
approximately $13-14 in health and economic benefits from reduced NOx and SOx emissions.
With the average marginal cost of a $25 carbon tax around $12, co-benefits and direct costs
appear to largely offset each other. As such, policies intended to address climate change and
policies intended to address local air pollution, energy use, and traffic congestion ought to be
carefully coordinated (Rubbelke, 2003).

In this light, African American health will be most benefited by climate policies with two
elements. First, policies that take meaningful action on domestic greenhouse gas emissions but
also foster international cooperation on the problem will likely be the most effective at mitigating
the detrimental health effects of climate change. Second, the largest ancillary benefits for African
Americans will occur with policies that focus on reducing air pollution, particularly emissions
affecting air quality in urban areas. For example, policies that limit diesel emissions will have
large benefits for some communities.

Economic Effects of Climate Policy on African Americans
One of the most contentious elements to the climate debate is differing estimates on the
economic effect of climate policy on Americans. Several energy industry-funded studies suggest
that policies to reduce carbon emissions will have a devastating impact on jobs in the U.S.
However, a collection of studies by government agencies, academics, and non-governmental
organizations have found that climate policies may indeed help the economy and increase
employment. Both the U.S. Department of Energy’s Five Laboratory Study (1997) and their
Scenarios for a Clean Energy Future (2000) estimated that the overall costs of pursuing a
renewable and energy efficiency strategy would be more than offset by the benefits. This latter
position appears to be a more general consensus. For example, in a 1997 letter organized by



84

Redefining Progress over 2,500 economists, including eight Nobel Laureates, signed a statement
written agreeing that:

“Economic studies have found that there are many potential policies to reduce
greenhouse-gas emissions for which the total benefits outweigh the total costs.
For the United States in particular, sound economic analysis shows that there are
policy options that would slow climate change without harming American living
standards, and these measures may in fact improve U.S. productivity in the longer
run.”

To better understand the different types of effects of climate policies on the economy, this
section looks at three key issues. The effect of climate policy on energy prices, the effect of
climate policy on economic health, and the effects of climate policy on unemployment.

Effects of Energy Prices on African Americans
At their heart, most policies intended to address climate in a significant manner are aimed at
reducing the greenhouse gas emissions stemming from energy consumption. As such, climate
policies generally change energy prices. It is these changes in energy prices that are likely to
most directly affect African American households. Some programs, such as subsidies for
renewable energy or regulations governing energy efficient appliances or fuel efficiency
standards, will arguably reduce energy prices by decreasing demand or increasing supply. Other
policies, such as carbon taxes or permits, typically increase the price of energy. These policies
are based on the standard economic theory that one should tax or limit pollutants to compensate
for negative externalities. The overall magnitude and the direction of the change in energy prices
depend on the specific portfolio of climate policies selected. Appendix 1 provides a more
detailed discussion of the types of policies available to address climate change.

What is clear is that African Americans are more affected by changes in the price of energy than
other groups. As Chapter Two demonstrated, African Americans dedicate a substantially larger
fraction of their income to direct energy purchases than other groups. This is true on two levels:
First, on average African Americans have lower incomes than others, and as such are forced to
spend a larger fraction of their disposable income on energy-related necessities (home heating,
cooking fuel, electricity). Second, even when African Americans at a specific income or
expenditure level are compared against others in the same expenditure level, African Americans
tend to spend more on direct energy purchases. While it is unclear exactly why this is the case,
possible factors include poor housing stock, less efficient appliances, and possibly less access to
information. Based on our analysis of data from the Consumer Expenditure Survey (Census,
2004), the percentage of total household expenditures spent on direct energy purchases is
roughly 23 percent higher for African Americans than for others. This difference is greatest for
low-income households, where African Americans spend almost 50 percent more on energy than
non-African Americans.

As a consequence of the larger fraction of expenditures African Americans spend on energy,
policies that increase the price of energy will harm African Americans more than non-African
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Americans, and particularly harm low-income households.6 Conversely, policies that reduce
energy consumption, such as energy efficiency standards and home weatherization programs will
provide disproportionate benefits to African Americans. For example, a recent survey of energy
and weatherization assistance programs (LIHEAP and WAP) indicated that African Americans
are nearly twice as likely to receive benefits as non-African Americans (RP, 2004). Again, these
benefits apply particularly to lower-income households. Similarly, appliance efficiency standards
are of elevated importance to African American households, who are more than twice as likely to
live in rented dwellings than the general population (CPS, 2004). Unlike homeowners, landlords
have little incentive to purchase expensive but more efficient appliances, since they will not
benefit from reduced operating costs. Removing less efficient appliances from the marketplace
should significantly benefit those who rent, through lower utility bills.

As a consequence, it appears that African Americans will be disproportionately benefited by
policies that increase the supply of renewable energy or encourage energy efficiency. In contrast,
African Americans will be most negatively affected by regressive energy/carbon taxes or
permits. However, it is possible to structure carbon taxes and permits in such a way as to
compensate vulnerable or low-income groups. Current estimates are that 10-20% of the revenues
raised are necessary to offset regressive effects. The economic effects of climate policies are
further explored in the following two sections.

Effects of Oil Price Shocks on African Americans   
In addition to influencing the price of energy, climate policy has serious ramification for national
economic health. At present, African Americans are highly vulnerable to unemployment and
depressed wages triggered by oil price shock. Effective climate policy can reduce the
vulnerability of African Americans and the U.S. economy to these detrimental effects of oil
shocks.

As background, most post-war recessions can be attributed, at least in part, to global energy price
shocks. Energy price shocks typically occur when energy demand temporarily outpaces supply,
and the price of energy jumps. These sudden spikes in energy prices (and particularly oil prices)
can cause significant damages to U.S. economic health. The exact mechanism by which energy
price increases cause economic downturns is controversial. Possible candidates include a
subsequent reduction in consumer demand as a result of having fewer dollars to spend on non-
fuel goods, changes in the terms of trade that harm America (a major net fuel importer), reduced
production efficiencies, and increased uncertainty about prices and costs (Balke et al., 1999;
Brown, 2000; Hamilton, 2000; IMF, 2000; Jones et al., 2004). Recent research suggests that at
least part of the problem comes from an abrupt reallocation of workers between industries (Davis
and Haltiwanger, 2001).

However, there are several aspects of the energy price/GDP relationship that appear to be well-
established. First, the relationship is asymmetrical: price increases hurt the economy more than
price decreases benefit the economy (Mork, 1989). Second, much of the economic injury comes
from the element of surprise. Anticipated or gradual increases seem to have a much smaller
economic effect than sudden, unanticipated increases (Lee et al., 1995). Third, the relationship is

                                                  
6 One exception appears to be gasoline and motor oil, as African Americans consume less gasoline compared to non-
African Americans with the same income levels.
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non-linear. As shocks increase in size, GDP effects increase more rapidly, so that smaller shocks
may have little or no effect on GDP, whereas large shocks can have devastating effects.

The macroeconomic impact of energy price shocks is particularly important to the African
American community. It is well known that the African Americans are disproportionately
vulnerable to economic downturns. In particular, during downturns the unemployment rate of
African Americans increases by a larger percentage than the unemployment rate of non-African
Americans, and mean income follows a similar pattern (Bradbury, 2000a; Bradbury, 2000b;
Eaton and Kisor, 1996). This can be seen in Figure 3.1. Over the last 30 years, the African
American unemployment rate has ranged from 80% higher to 180% higher than that of the white
unemployment rate (averaging 120% higher), based on monthly data. Moreover, African
American unemployment has reached levels greater than 20% during economic downturns.

As such, the optimal climate policy for African Americans from a macroeconomic perspective is
one that reduces current vulnerability to oil price shocks. To counter the threat of price shocks to
African Americans, energy policy can pursue two overarching strategies. The first is to reduce
the consumption of fossil fuels. The second is to increase the domestic supply of fossil fuels. The
effectiveness of each strategy is explored below.

Policies that Reduce the Consumption of Fossil Fuels
With respect to national climate policies, most reduce dependence on fossil fuels. As such, these
policies can decrease the economy’s vulnerability to price shocks, and subsequent economic
effects. Policies to promote energy efficiency and new renewable energy sources reduce the
percentage of fossil fuels and imported fuels in the overall energy mix. The less the economy
relies on fossil fuels, the less it is affected by sudden price increases. And because large energy
price shocks, but not smaller ones, trigger recessionary effects, the more that the U.S. invests in
energy efficiency and renewables, the more likely it is that any given energy price shock will be

Figure 3.1 - U.S. Unemployment by Race (1972-2003)
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too small to cause serious damage to the economy in general, and African American workers in
particular.

Similarly, market-based climate policies can have even larger effects in reducing our current
dependence on fossil fuels. Such market-based climate policies include tradable carbon emission
permits or European-style environmental tax reform (raising taxes on fossil fuels proportionally
to their carbon content and lowering taxes on labor or payroll). These policies raise energy
prices, but reduce energy consumption.

The effects of market-based policies depend largely on the method in which they are structured
and introduced. The literature on the impact of energy price shocks on the economy suggests
that, if a market-based climate-policy were to be introduced suddenly, unexpectedly, with a large
increase in energy prices, and without recycling the revenues through tax cuts or other assistance,
then the economic consequences could be severe for the economy as a whole and for African
Americans in particular. On the other hand, if the charges or permits were introduced in a
gradual and anticipated manner, with the revenue recycled progressively through a mixture of
tax cuts aimed at ordinary working families and the poor, and investments in new clean
technologies, then the direct impact on the economy and on African Americans would be small,
and would likely be positive. Such a system can be designed to be progressive in its overall
distributional effects, such that the poor are most benefited by its implementation (Barrett and
Hoerner, 2000).

Policies that Increase the Supply of Fossil Fuels
The other main strategy to reduce African American vulnerability to energy prices is to increase
the supply of fossil fuels, such as opening the Arctic National Wildlife Refuge to oil exploration.
To the extent that global fossil fuel supplies are increased, global prices are likely to fall.
However, it is important to note that not all policies that increase domestic fuel production will
not necessarily decrease domestic energy prices. Some energy markets, such as the market for
natural gas, are primarily domestic in nature. In these markets, increased supplies will tend to
lower prices (although if increased extraction rates deplete domestic wells, lower prices in the
short run may be offset by higher prices in the long run). Other energy markets, particularly the
market for oil, are global. In these markets, even quite large increases in domestic supply will not
significantly reduce domestic prices, which are determined by the price of oil on the much larger
global market. Since U.S. oil production is very small compared to the scale of the global oil
market, even a large percentage increase in domestic oil production will have little impact on
global oil supply. This effect implies that oil production increases will do little to buffer the
African American community from the recessionary effects of global oil price shocks.

The relative importance of the direct effect of energy price shocks on African American
households and the indirect effect of such shocks through their tendency to cause recessions
depends on the level of the price shock. Consider a very large energy price shock, such as a
doubling of oil prices. This would cause significant hardship for many African American
families, but the burden would still amount to less than three percent of total household
expenditures on average (although more for low income households). On the other hand, such a
severe price increase would almost certainly trigger to a recession. As discussed above,
recessions have a terrible effect on African Americans. In recent years, the difference between
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African American unemployment in the peak and trough of the business cycle has been about
four percentage points. In the 1982 recession, that difference was nearly ten percentage points. In
addition to unemployment, the wages of the employed are also depressed during economic
downturns. Overall, such a recession would probably cost the African American community
more that eight percent of their total income. Thus, for large energy price shocks, the
macroeconomic effects are substantially greater than the direct price effects, though both are
painful. For smaller shocks, the macroeconomic effects will be small or negligible, and the direct
price effects will cause more damage.

This dichotomy implies that the most important element of a climate strategy for African
Americans is reducing vulnerability to oil price shocks. As such, there are several reasons to
prefer a strategy that focuses on reducing fossil fuel use, rather than increasing supply, including:

• Increasing supply is likely to exacerbate the negative health effects of climate change and
urban air pollution, outlined Chapter One. As these effects fall disproportionately on the
African American community, the costs of supply-side policies are largely regressive.

• As a means to reduce the effects of oil price shocks, increasing domestic supply seems to
be ineffective. Not only is the price of oil determined on the global market, but economic
downturns are caused primarily by large, unexpected energy price shocks, rather than by
high energy prices per se. Increasing the domestic supply may partially drive down
prices, but will do little to reduce the magnitude of shocks. Moreover, as fossil fuels are
exhaustible resources, increasing extraction today will only reduce the amount available
in future years, thereby increasing vulnerability.

• During times of high energy prices, the U.S. sends a tremendous amount of money
overseas to pay for imported oil. In contrast, increasing the use of renewable energy
recycles those resources domestically.

Overall, the fundamental economic component of a best-case climate policy for African
Americans is that it decreases vulnerability to oil price shocks by reducing U.S. dependence of
the global oil market. To the extent that it is possible, increases in the price of fossil fuels ought
to be minimized by demand-side policies (e.g. efficiency standards and R&D), or their regressive
effects offset by redistribution of revenues. Such a strategy appears to be feasible. For example,
the U.S. Department of Energy’s 2000 report, Scenarios for a Clean Energy Future, concludes
that an advanced climate policy is likely to modestly increase the price of electricity relative to
the baseline scenario, but that electricity prices will be less than current prices.

Effects of Climate Policy on African American Employment
A final component to the debate over climate policies is the extent to which such policies affect
jobs. For example, the World Resources Institute (1997a) surveyed a collection of studies of the
economic impact of climate change policy, finding costs ranging from a loss of 4.3% of GDP to
an increase of 3.5% of GDP. While differences in these results are partly associated with the
differing methodologies and assumptions employed by the modelers, most of the variation can be
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explained by the different selection of policies and timeframes that the various studies are
assessing.

Generally, it has been found that the sudden application of strict greenhouse gas emission limits
with zero revenue recycling harms the economy. In contrast, the more gradual introduction of
auctioned greenhouse gas permits with revenue recycling and a stimulus for R&D would have a
beneficial effect on the economy.  More specifically, environmental tax reform, in which
moderate carbon taxes or auctioned permits are applied with the revenue used to lower taxes on
work or investment, can benefit the economy if properly structured. While there are not many
U.S. studies on the effect of carbon taxes or other environmental charges on employment level,
there are over 100 European studies that examine the relationship between environmental taxes
and job creation. The majority of these studies find that environmental taxes with revenue
recycling create jobs on net (Hoerner and Bosquet, 2001).

Ultimately, the selection of policy instruments chosen to reduce greenhouse gas emissions will
have job impacts, positive or negative, in the same way that other public policy choices do. If
done correctly, policies to reduce greenhouse gas emissions can stimulate the economy while
offsetting the negative impacts on different sectors of society. Figure 3.2 provides a summary of
some of the studies.

Figure 3.2 - Studies on the Economic Impact of Properly Designed Climate Policies
Study Effects on GDP Effects on Employment
U.S. DOE, 1997: U.S. Carbon
reductions by 2010 and
Beyond: The Potential Impact
of Energy-Efficient and Low-
Carbon Technologies.

Reducing CO2 levels to 1990
levels: Neutral or positive effect
on GDP

ACEEE, 1997: Energy
Innovations: A Prosperous
Path to a Clean Environment

Reducing CO2 levels to 10%
below 1990 levels: Economy wide
savings of $58 billion per year

+ 800,000 jobs

Union of Concerned
Scientists, 1998: A Small
Price to Pay: U.S. Action to
Curb Global Warming is
Feasible and Affordable

Significant reductions in
greenhouse gas emissions: Little
or no effect on GDP.

Tellus Institute, 1999:
America's Global Warming
Solutions.

Reducing CO2 levels 7-14% below
1990 levels: Economy wide
savings of $43-46 billion per year

+ 900,000 jobs

Interlaboratory Working
Group, U.S. DOE, 2000:
Scenarios for a Clean Energy
Future.

Reductions of 9.5% to 29.4% of
carbon emission compared to
business as usual: net savings of
$47.7 to $107.6 billion per year.

Economic Policy Institute and
Center for a Sustainable
Economy, 2002: Clean Energy
and Jobs

Reducing CO2 emissions 50% by
2020: Increase in GDP of 0.6%

+ 1,400,000 jobs



90

While the economy as a whole is likely to benefit from a well-structured comprehensive energy
policy, there will still be winners and losers in different sectors. If energy prices increase
substantially, it is likely that some energy intensive industries may incur job losses. At the same
time, other industries, such as energy efficiency, emission control devices, and alternative
energy, are likely to experience job gains. By encouraging the development of cleaner
technologies, the U.S. has the potential to become more internationally competitive in this
growing field, similar to the Danish experience with wind turbines.

With respect to African American employment specifically, African Americans are not
concentrated in firms likely to be impacted by increasing energy prices. The total percentage of
African Americans directly employed in the U.S. energy sector has fallen from around 1.8% in
1983, to 1.1% today. Similarly, the number of African Americans employed in the energy
industry has fallen over the past two decades, from a high of 215,000 in 1989 to approximately
176,000 in 2002 (Census, 2004). In contrast, employment in the renewable energy sector is on
the rise. African Americans comprise approximately 8.5% of all employees in industrial
categories that include renewable industries (Census, 2004). This share is roughly equivalent to
black employment in the energy in general. However, renewable energy is much more labor
intensive per unit of energy produced. As such, a shift toward renewable energy is likely to
increase African American employment numbers in the energy sector (REPP, 2002).

With respect to African American-owned businesses, the energy intensity of black-owned firms
appears to be roughly equivalent to the energy intensity of all firms. In 1997, African Americans
owned 4.2% of U.S. firms in industries with greater than average energy intensities (Census,
2001). Those firms were responsible for less than half a percent of sales and receipts in their
industries.

An Optimal Climate Policy for African Americans
Overall, the preceding factors suggest that a coherent energy and climate policy for African
Americans will possess the following components:

Effective at Reducing Carbon and Ancillary Pollutants
The optimal policy will reduce carbon dioxide emissions in such a way as to facilitate
meaningful international cooperation to reduce global emissions of carbon dioxide. Of equal
importance to African American health, there is significant room from policies to generate
substantial co-benefits by reducing emissions of particulates, NOx, SOx, and mercury.  The
larger the reduction in carbon dioxide emissions, the larger these two health benefits are likely to
be. Small or marginal reductions in carbon will be unlikely to significantly mitigate health
threats from climate change, but may still create sizable co-benefits.

Economically Efficient
Given the estimated damages from climate change, the optimal climate change policy will
employ market mechanisms such as tradable permits or taxation to maintain economic
efficiency. Additionally, economic efficiency can be aided by stimulating significant public
investment in energy efficiency and renewable energy. If designed properly, climate policy is
likely to have positive overall effects on the economy. There are significant long-term
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employment and GDP benefits that can be reaped by shifting away from carbon fuels toward
energy efficiency and renewables. Generally, policies that generate revenue by taxing carbon
pollution or auctioning carbon permits will be more economically efficient than those that do not
generate revenue. As such, an optimal climate policy is flexible in where carbon abatement
occurs, and uses revenues from abatement to pursue an efficient transition. An additional
substantial economic benefit of such a policy is the reduced vulnerability of economy to oil price
shocks that such a shift is likely to entail.

Equitable
A final important component of any climate policy is the ability to offset detrimental effects on
vulnerable populations and individuals. For example, regressive increases in the price of energy
can be offset by redirecting a fraction of revenues, e.g. by lowering payroll taxes. Generally, the
best-case scenario appears to be a gradually phased-in system of carbon charges (e.g. auctioned
carbon permits). Properly designed carbon charges represent a particularly efficient way to
reduce the greenhouse gas emissions and global warming affecting African Americans. One
issue with carbon permits is whether to give away permits (e.g. “grandfather” them to existing
polluters) or auction permits.  Auctioning permits has the added benefits of generating revenues
that can be used to offset any regressive or transitional economic effects of the charges on
African Americans. It is estimated that this would require in the range of 10-20% of revenues.
The remaining revenues can be used to reduce distortionary taxes, address budget deficits, or
provide essential services. In any case, policies that address climate change or energy policy
need to be aware of the distributional effects they have, and designed to alleviate such hardships.
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Appliance Efficiency Standards

Overview
Appliance energy efficiency standards are a regulatory tool used by the government to
encourage increased energy efficiency as well as to reduce electricity demand.  These
standards are designed to reduce energy use by improving energy efficiency.  Standards
are useful because consumers tend to overemphasize initial appliance costs and downplay
future savings with regard to energy efficient appliances.  More efficient appliances often
offer considerable cost savings to consumers over time and they reduce overall energy
demand.

The federal government has regulated appliance efficiency since 1987 and every
administration has strengthened the standards.

Arguments for Appliance Efficiency Standards

Consumer savings
The projected cumulative net savings to consumers, including the cost of more efficient
equipment, are approximately $33 billion from 1990 to 2010 in the U.S.  If fuel and
electricity prices decline over the next decade, net savings would still approach $30
billion. The average benefit/cost ratio for consumers for residential appliance efficiency
standards is about 3.5 (Koomey et al., 1998).  So for every dollar consumers spend on
efficiency, they save 3.5 dollars.

Researchers at Lawrence Berkeley National Laboratories (LBNL) estimated that
additional appliance efficiency improvements of 35% would create savings for four out
of five households under the full range of hypothetical scenarios (McMahon and Liu,
2000).

National savings
Appliance efficiency standards are responsible for a reduction in primary energy use in
the United States in 2004 of approximately 700 trillion Btus, with cumulative savings
from 1990 to 2010 of around 10 quadrillion Btus (Koomey et al., 1998).

Financially, appliance efficiency standards in the residential sector have been a
successful, cost-effective method for promoting energy efficiency. According to research
at LBNL, every federal dollar spent on administering and implementing appliance
standards will contribute $165 of net present-valued savings to the U.S. economy
between 1990 and 2010.

Environmental benefits
• LBNL has projected that between 2000 and 2010, federal appliance efficiency

standards will reduce carbon emissions by approximately nine million tons per
year, which is approximately equivalent to 4% of annual emissions in 1990
(Koomey et al., 1998).
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• The American Council for an Energy-Efficient Economy estimates that the most
recent appliance efficiency standards finalized in January, 2003, which cover
clothes washers, air conditioners and water heaters, will reduce the need to build
170 new power plants over the next two decades. (ACEEE, 2003)

• Reduced electricity generation not only reduces greenhouse gas emissions, but
also decreases emission of associated pollutants such as NOx, SOx, ozone, and
mercury.

Arguments Against Appliance Efficiency Standards
A potentially important drawback to appliance efficiency standards is that they can
increase appliance purchasing costs to consumers, as well as increase manufacturing
costs.  The burden of an additional up-front cost is hardest felt by those with low incomes
and seniors.  However, according to most reviews, these additional costs are, on average,
significantly outweighed by energy savings.  In most instances appliance market
transformations have had low incremental costs and rapid paybacks (ACEEE, 2003).

Impacts on African Americans
Although the burden of higher up-front costs for appliances can be particularly difficult
for low income groups, as noted above, the benefits of reduced electricity use are even
greater for low income groups who spend a greater proportion of their income on energy.

The benefits of appliance efficiency standards are disproportionately reaped by people
who rent, as renters pay for electricity use but usually do not purchase large appliances.
Given that over 50% of African Americans in the U.S. rent (compared to less than 30%
of other Americans), this factor is particularly important for African Americans.

The health benefits of reduced primary energy use will be disproportionately felt by
African Americans (See Chapter 1).

Current State of Legislation
S. 2095 includes legislation to promote efficiency in suspended ceiling fans, refrigerated
bottled or canned beverage vending machines, commercial refrigerators, freezers, and
refrigerator-freezers, illuminated exit signs, compact florescent lights, and other items.  In
most cases the bill does not establish efficiency standards but rather requires standards to
be developed and imposed.  It is impossible to know at this point how effective these
standards will be at improving overall efficiency of national appliances.
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Arctic National Wildlife Refuge Oil Exploration

Overview
The Arctic National Wildlife Refuge (ANWR) is composed of 19 million acres in
northeastern Alaska. It is administered by the U.S. Fish and Wildlife Service (FWS), a
part of the Department of the Interior (DOI).  This area is believed to hold at least two
billion barrels of economically recoverable oil and it could hold as many as 13 billion
barrels of economically recoverable oil, depending on the price of oil (Corn et al., 2003).
ANWR is one of the largest undeveloped areas in the world.  It is home to a variety of
flora and fauna.

Current federal law prohibits oil exploration and drilling in ANWR.  A variety of current
energy legislation measures would allow for oil exploration in part or all of ANWR.

Purpose
The reasons for opening up ANWR to oil exploration include reducing dependence on
foreign oil, marginally reducing the price of gasoline to consumers, stimulating job
creation, both in Alaska and nationally, and reducing the U.S. trade deficits.

Arguments for Arctic National Wildlife Refuge Oil Exploration
The primary argument for opening ANWR to oil exploration is that it could provide a
relatively large new source of U.S. oil at a time when many U.S. oil reserves have passed
peak production. This domestic supply would help to partially reduce the growing natural
resources trade deficit of which petroleum products are the largest factor.  Proponents
argue that increasing the supply could help decrease volatility in the world oil markets.

Large repositories of natural gas may also be found in ANWR, which could be used to
increase the domestic gas supply and potentially reduce gas prices.  While there is
currently no economically viable means to deliver the gas to market, current proposed
energy legislation also calls for support for the construction of a natural gas pipeline that
could deliver this gas (CRS, 2003). Proposals include tax credits to guarantee a minimum
price for Alaskan natural gas, a $10 billion loan guarantee for companies that undertake
the project, and allowances for accelerated depreciation on natural gas gathering and
distribution lines (CRS, 2002).

An additional argument for drilling in ANWR is that this would create petroleum
extraction and refining jobs, both in Alaska and elsewhere, as well as associated jobs due
to the economic multiplier effect. Drilling would also help to protect existing jobs by
extending the life of the trans-Alaska oil pipeline.

Arguments Against Arctic National Wildlife Refuge Oil Exploration
The primary argument against drilling in ANWR is that drilling and related activities will
cause significant and long-term harm to this relatively pristine area.  Another
environmental concern is that increasing the existing supply of oil, rather than working to
find alternatives to burning oil, will further add to climate change gases in the
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atmosphere, increasing the risk of climate change, and will further add to urban air
pollution as well.

An addition argument against drilling in ANWR is that proponents of drilling in ANWR
overstate the national security benefits of increased domestic production.  Peak
production, which would occur around 2027 if drilling commenced immediately, would
most likely produce 750,000 bbl per day, at best, or less than 4% of daily U.S. petroleum
consumption (USGS, 2003). Average production levels would only account for 1% of
U.S. oil consumption, less than is saved through increased appliance efficiency.  This
level of production would have virtually no effect on the price of oil because the price of
petroleum is determined in the global petroleum market, and domestic supplies enter that
market as a very small percentage increase in total global production.  Increasing
domestic petroleum supply generally will not provide substantial protection against
global petroleum price spikes.

In terms of the efficiency of promoting drilling in ANWR as a solution to oil shortages
and price shocks, improved energy efficiency and increased renewable incentives could
reduce energy consumption more quickly and without comparable environmental
externalities.  Phasing in CAFE standards of 40mpg by 2012 would save an amount of oil
over the next fifty years an estimated fifteen times greater than ANWR is likely to
produce (NRDC, 2003).

Issues specific to African Americans
Drilling in ANWR will have minimal direct impacts on African Americans. While
exploration and extraction in ANWR is likely to create jobs, for which estimates vary,
most jobs will be located in Alaska where African Americans comprise less than 4% of
the population. Jobs are also likely to be concentrated in the oil and gas extraction and
petroleum refining industries for which African Americans represent approximately 5%
and 10% of the workforce, respectively, and primarily in the South.  Therefore, African
Americans are unlikely to reap significant direct employment opportunities from opening
ANWR to oil exploration. Indirect benefits through general economic growth are likely
to be too marginal to speculate on.

With respect to more general health and economic effects, African Americans are likely
to disproportionately benefit from any marginal reduction in the price of natural gas and
electricity, but benefit less than the average American from reduction in gasoline and
motor oil prices.  Increased oil consumption will lead to increased pollution emissions
which will disproportionately negatively impact African-Americans. (See Chapter 1)

Current State of Legislation
S.2095 provides tax incentives for the development of Alaskans natural gas.  S.2095
includes the Alaska Natural Gas Pipeline Act, which requires the President and the
Secretaries of the Interior and of Energy to expedite the Federal decision-making process
for access to Federal lands for energy projects.
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There is no legislation currently being debated regarding opening up ANWR but the
Administration’s FY’05 budget includes income from ANWR oil so legislation is being
planned.  Most likely it will be as an amendment to an unrelated bill.
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Corporate Average Fuel Economy (CAFE) Standards

Overview
Following the 1973 oil crisis, Congress passed the Energy Policy and Conservation Act
of 1975.  As part of this legislation, CAFÉ standards were introduced as a measure to
reduce U.S. dependence on foreign oil. The program requires automobile manufacturers
to meet sales-weighted average fuel economy standards for both passenger cars and light-
duty trucks. If a manufacturer does not meet the standard, it is liable for a civil penalty of
$5.00 for each 0.1 mpg its fleet falls below the standard, multiplied by the number of
vehicles it produces. As of 2002, the standards were 27.5 miles per gallon (mpg) for
passenger cars, and 20.7 mpg for light trucks (NRC, 2002). CAFÉ standards have
remained essentially unchanged since 1985, despite improved technologies which would
enable higher fuel efficiency standards to be met.  Due to the popularity of sport utility
vehicles (SUVS), vehicles have become, on average, 20% heavier and less fuel efficient.

Corporate Average Fuel Economy Standards (NHTSA, 2002)

The majority of the following assessment relies on the 2002 report of the National
Research Council’s Committee on the Effectiveness and Impact of Corporate Average
Fuel Economy (CAFÉ) Standards. The NRC’s review is one of the most comprehensive
studies of CAFÉ standards to date.

Purpose
• Fuel efficiency standards are intended to reduce overall fuel consumption in order

to address two major externalities: the impact of motor vehicle fuel consumption
on environmental quality, and the macroeconomic impacts of oil demand.

• Reduced petroleum consumption both lessens the contribution of motor vehicles
to urban air and water pollution, which can have significant health impacts, and
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lessens the accumulation of carbon dioxide in the atmosphere, thereby mitigating
the future effects of global climate change.

• Reduced imports of petroleum will lessen both the downward pressure that oil
imports currently place on the strength of the American dollar and the
vulnerability of the U.S. economy to macroeconomic shocks (NRC, 2002).

Arguments for Increasing CAFÉ Standards
There are multiple arguments for increasing the stringency of CAFÉ standards:

Improved CAFÉ standards can result in significant fuel savings to consumers.
• The NRC’s average scenario indicates that if cost-efficient standards are set based

on the 14-year average life of a vehicle, consumers would save between $700 and
$2,500 during that period despite the higher initial cost of the vehicle (assuming a
12% discount rate). These savings are highest for large pickup trucks and SUVs,
and more moderate for cars.

CAFÉ standards can reduce national fuel consumption.
• A 15% increase in fuel efficiency (mpg) would reduce national consumption of

gasoline by 22 billion gallons between 2000 and 2030.
• A 45% increase would correspond to a fuel savings of 55 billion gallons over the

same period (NRC, 2002).
• The NRC (2002) estimates that the social value of reduced fuel associated with

climate change alone at $0.12 per gallon of gasoline (corresponding to social
damages of $50/ton carbon dioxide emitted).  For a 15% increase in fuel
efficiency, this would translate to a savings of $2.64 billion between 2000 and
2030.  This is not including the social cost of air pollution, water pollution and
other externatities associated with motor vehicle fuel use, as well as the economic
damages associated with fuel dependency.

CAFÉ standards can reduce other criteria pollutants such as NOx and volatile organic
compounds.  While these pollutants are already controlled by federal- and state-mandated
limits on grams per mile, some especially efficient vehicles operate well below
established standards.

Arguments Against Increasing CAFÉ Standards
CAFÉ standards may marginally increase traffic fatalities.  While there was some
dissension, the NRC (2002) estimated that the downsizing of vehicles partially due to
CAFÉ standards “probably resulted in an additional 1,300 to 2,600 traffic fatalities in
1993.”

CAFÉ standards generally result in higher sticker prices. The NRC states that, “The price
for higher fuel economy technology is paid when a vehicle is purchased.”  Part of the
costs of improved efficiency technologies may be borne by the car manufacturers.  NRC
reports that the effects of CAFÉ standards on overall employment will be insignificant.
Improvements in air quality associated with improved fuel economy may be somewhat
offset by the fact that fuel economy standards may encourage the increased use of diesel
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engines. While more fuel efficient, diesel engines create emissions that are considerably
more toxic than those from unleaded gasoline.

Policy Efficiency
Other policies may accomplish the same goals of reduced fuel consumption at lower
overall costs.

• CAFÉ standards with trading.  The NRC (2002) supports the institution of a
trading regime, wherein automobile manufacturers can purchase fuel efficiency
offsets from other manufacturers. Such a regime would both encourage
innovation and reduce overall costs to consumers and manufacturers.

• Gasoline taxes.  Gasoline taxes would encourage consumers to buy more fuel
efficient automobiles as well as to drive less.  Gasoline taxes also encourage
improved vehicle maintenance to maintain engineered fuel economy levels, and
the retirement of low fuel economy vehicles.   Tax revenue could be used to offset
the regressive aspects of gasoline taxes.

Issues specific to African Americans

Economic Issues:
African Americans would be relatively less affected by the direct economic costs and
benefits of enhanced CAFE standards than non-African Americans.

The consumer expenditure survey indicates that African Americans dedicate a lower
fraction of household expenditures to gasoline and motor oil than other groups, due in
part to lower levels of car ownership. As a consequence, the costs and benefits of
increased fuel efficiency may be proportionally less important to African Americans than
to non-African Americans in America.

African-Americans may be more susceptible to economic downturns resulting from oil
price shocks. In this way, CAFE standards may be disproportionately beneficial.

Health Issues:
The health and environmental benefits of CAFÉ standards are likely to be enjoyed
disproportionately by African Americans.  Besides the reduction in greenhouse gases that
result from CAFÉ standards, increased CAFÉ standards are likely to be accompanied by
reductions in the emissions of other pollutants such as NOx and volatile organic
compounds. The resulting improvements in air quality would disproportionately benefit
urban, African Americans who are among those most adversely affected by current poor
air quality standards. (See Chapter 1)

Current State of Legislation
Neither House nor Senate decided to take decisive action to increase CAFÉ standards.  A
loophole was created in Conference Committee that would give CAFÉ credit to
manufacturers of cars that can burn alcohol fuel.  This loophole could lead to an erosion
of CAFÉ standards of up to 5% (ACEEE, 2003)
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Ethanol Promotion

Overview
Ethanol is used as an oxygenate additive in gasoline, which acts to reduce air pollution
from carbon monoxide and ozone, and increase octane levels.  Ethanol is primarily
produced and consumed in the Midwest, where corn, the primary feedstock for ethanol
production, is grown.  In past legislation, ethanol production has been stimulated through
partial exemption from the motor fuels excise tax, as well as the Clean Air Act
Amendments of 1990 which require reduced carbon monoxide and volatile organic
compounds emissions through use of oxygenated or reformulated gasoline in non-
attainment areas (Yacobucci and Womach, 2003).

Ethanol use is encouraged in existing legislation through tax incentives for ethanol and
requirements for oxygenates to be added to motor fuels.

Purpose
The ostensible goals of subsidizing ethanol of mandatory ethanol requirements are both
improving air quality and reducing reliance on fossil fuels.

Arguments for Ethanol Promotion
Gasoline additives such as ethanol can lead to improvements in air quality:

• The EPA estimates that reformulated gasoline (RFG) use has decreased toxic
emissions by one-third because oxygenates in fuels displace other, more
dangerous compounds such as benzene.  RFG use has reduced volatile organic
compounds (VOCs) emissions from vehicles by 17%.  Carbon monoxide
emissions are also reduced by using oxygenates such as ethanol.

• According to a study by the Argonne National Laboratory, RFG containing 10%
ethanol will reduce greenhouse gas emissions by 1%.  By 2010, with
improvements in production processes, the reduction in greenhouse gas emissions
from gasoline containing 10% ethanol could be as high as 8-10% (Wang, 1999).

The use of ethanol as a motor fuel may also minimally reduce U.S. reliance on oil
imports therefore reducing susceptibility to price shocks and oil shortages.  Although the
energy requirements associated with the production of ethanol are high, most of the
energy that is used to produce liquid ethanol comes from natural gas or electricity (i.e.
coal, nuclear, and natural gas).

Due to the increased demand for corn, Ethanol promotion benefits portions of the
agriculture sector (Olsen, 1997).

Arguments Against Ethanol Promotion
Economic costs:

• Ethanol is expensive to produce leading to a price that is roughly twice that of
gasoline. While there are currently a number of federal and state incentives that
act to reduce the effective price of ethanol, without these incentives, little or no
ethanol would be used in the transport sector (Yacobucci and Womach, 2003).
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• The tax exemption for ethanol is a corporate subsidy that may encourage the
inefficient use of agricultural and other resources.  It may also increase the cost of
corn (Yacobucci and Womach, 2003).

• Ethanol tax incentives also deprive the Highway Trust Fund of needed revenues.
In 1997, the General Accounting Office estimated that the tax exemption lead to
approximately $7.5 to $11 billion in foregone Highway Trust Fund revenue
between 1979 to 2000 (Wells, 2000).

Environmental Issues:
• RFGs are associated with increased emissions of nitrogen oxides (NOX) (EPA,

1999).
• As of the mid-1990s, the amount of energy required to produce ethanol was

approximately equal to the amount of energy obtained from its combustion. As a
consequence, ethanol use may not lead to decreased fossil fuel use or decreased
greenhouse gas emissions (Shapouri, 1995).

• Increased agricultural output is associated with numerous environmental
externalities including soil erosion, nitrate pollution, and eutrophication.

Issues Specific to African Americans
Economic Effects:

• There is little direct economic benefit from ethanol subsidies or requirements
since most economic benefits from ethanol promotion go to areas with few
African-Americans.

• Ethanol requirements could moderately reduce the effects of petroleum price
shocks.

Health Effects:
• Ethanol use could lead to improved air quality in urban areas where are African

Americans are disproportionately affected.
• Similarly, ethanol use could reduce greenhouse gas emissions, which may have

disproportionate impacts on African-Americans.

Current State of Legislation
S.2095 authorizes the Secretary of Energy to:
Make loan guarantees for private sector construction of facilities that will process and
convert municipal solid waste and cellulose biomass into fuel ethanol and other
commercial byproducts;
Provide grants for construction of ethanol production facilities.

S.2095 also directs the Administrator of the EPA to promulgate regulations to ensure that
domestic motor vehicle fuel consumption includes renewable fuel containing an
increasing percent of ethanol and other biomass components.  After 2013, 5 billion
gallons a year of ethanol needs to be added to the fuel supply annually.  Ethanol
producers are also granted continued tax credits under S.2095.

Total appropriation for ethanol in S.2095 amounts to $5.912 billion.
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Fossil Fuel Industry Tax Incentives

Overview
A number of federal tax breaks exist for the various fossil fuel production industries to
promote the research and development of new technologies related to fossil fuel
exploration, extraction, refining and use.  Tax incentives also promote the development
of marginally economically viable sites, and help defray the cost of environmental
control technologies. Tax incentives also reduce royalty payments for fossil fuel
extraction on public lands

The tax expenditures listed for energy production (excluding alcohol fuel credits and
conservation subsidies) for the fiscal year 2003 were:

FY 2003 Federal Tax Expenditures on Energy (OMB, 2004)
Category Expenditure ($

Millions)
Expensing of exploration and development costs 210

Excess of percentage over cost depletion, fuels 640

Alternative fuel production cost 1,280

Exception from passive loss limitation for working interests in oil
and gas properties

20

Capital gains treatment of royalties on coal 100

Exclusion of interest on energy facility bonds 90

Enhanced oil recovery credit 400

New technology credit 280

Total 3,020

Purpose
The purpose for tax expenditures on fossil fuels depends on the specific category. In
general, the goal is to provide economic assistance to domestic energy industries while
providing affordable and reliable energy supplies to consumers.

Arguments For Fossil Fuel Industry Tax Incentives
The primary benefits of tax incentives for the fossil fuel industry are economic. These
incentives reduce the overall production costs, and therefore sales costs, of energy
supplies such as electricity, home heating fuels, and gasoline. In addition, reduced energy
prices can help to decrease the price of other goods, such as food and appliances, that
require energy inputs in the production and distribution processes. Additional benefits
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include job creation and preservation in certain energy industries, increased investment
by energy corporations, and general economic stimulation.

Arguments Against Fossil Fuel Industry Tax Incentives
There are a variety of drawbacks associates with fossil fuel tax incentives.

Economic Effects
• By creating tax incentives for the energy industry, the federal government loses

approximately $3 billion in revenues each year.  There is an opportunity cost
associated with this lost revenue in that this revenue could be used other purposes
such as education, health care, or tax incentives for other industries.

• Tax incentives also create an “unequal playing field” between fossil fuel industries
and other industries in general and especially with competing industries such as
renewable fuels, and energy efficiency and weatherization sectors.

• It is not clear that these tax incentives are passed onto consumers in the form of lower
prices for energy.  Recent increased energy prices and record profits for energy
companies have led to allegations of purposefully reducing energy supplies to
increase price.

Externalities
As discussed in Chapter 1, fossil fuel use includes a variety of environmental and health
externalities. The list of externalities associated with the fossil fuel energy system
includes global climate change through the release of carbon and other gasses, acid rain,
reduced agricultural productivity, infrastructure damage, increased atmospheric
deposition of nitrogen, mercury pollution, and various health effects such as respiratory
illnesses and asthma.  For a full review of the climate effects of fossil fuel use, see the
IPCC report on global climate change (2001). Health effects are well summarized on
EPA and other governmental health related web-sites.

Issues Specific to African Americans
African Americans are both disproportionately benefited and harmed by fossil fuel tax
incentives.  The primary benefit received by African Americans is a marginal reduction
in the price of energy, in particular home heating fuels and energy embedded in
purchased products. As African Americans spend a considerably higher percentage of
expenditures on fuel purchases, a reduction in the price of fuel disproportionately benefits
the African American community.

In terms of health effects, tax incentives for fossil fuels disproportionately harm African
Americans because these incentives promote fossil fuel development and use.  Chapter 1
indicates that the health effects of energy use are disproportionately felt by African
Americans. Similarly, there are reasons to believe that climate effects will also affect
African Americans more than the average American.

Current State of Legislation
S.2095 includes incentives for the oil and gas industries.  S. 2095:
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• Directs the Secretary of Energy to implement initiatives that target research,
development, and commercial application in fossil energy and ultra-deepwater
and unconventional natural gas, and other petroleum resource exploration and
production;

• Sets forth a program of production incentives that includes oil and gas royalties in
kind, marginal property production, oil and gas leasing in the National Petroleum
Reserve in Alaska, and natural gas production in the Gulf of Mexico;

• Appropriates $2.906 billion for fossil fuel research and development programs;
• Provides tax credits for oil and gas production from marginal wells worth

approximately $414 million.

Total authorized spending for oil and gas (not including R&D) in S.2095 is $949 million
and for coal is $3.925 billion.  Some of this is in the form of tax incentives and some in
direct funding.
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Hydrogen Promotion

Overview
Although it appears in pure form in only small quantities, hydrogen is the most common
element on the planet. The largest repository of hydrogen is water. Other sources are
fossil fuels and other hydrocarbons. Hydrogen has recently attracted significant attention
as a secondary fuel source: a means to store and transport energy derived from other
sources such as solar energy, nuclear energy, or fossil fuels. The benefit of using
hydrogen as an intermediary is that it is a zero-emissions fuel and the byproduct of
combustion is only water.

Hydrogen can be generated from water or stripped from hydrocarbons. Currently, natural
gas is the main source for hydrogen fuel production. Because fuel can be continuously
supplied, fuel cell-powered electric vehicles do not face some of the range and fueling
limitations as battery-powered electric vehicles. At this time, no production vehicles are
powered by pure hydrogen.

Hydrogen use as a fuel has received government support since the early 1990s. In recent
energy legislation and proposed legislation, hydrogen has been promoted in a number of
ways (Bamberger, 2003; Sissine, 2003).

• In January 2003, President Bush announced a new $720 million research and
development program for hydrogen as a transportation fuel. The Hydrogen Fuel
Initiative, as it is termed, works together with the FreedomCAR initiative, with a goal
of producing hydrogen-fueled engine systems that achieve much higher efficiency
than today’s conventional engines at a comparable cost by 2010.

• The Administration’s 2004 budget request would increase overall funding for
research into hydrogen fuel, fuel cells, and vehicle technologies by roughly 30%, or
an additional $720 million over five years. The House Appropriations Committee
elected to increase hydrogen funding by $700 million. The Senate Appropriations
Committee agreed to fully fund the President’s hydrogen budget request. The Senate
energy legislation, however, does not authorize increased funding for hydrogen.

• The Senate version of H.R. 6 would require the production of 100,000 hydrogen-
fueled cars by 2010 and 2.5 million vehicles by 2020 and annually thereafter.

• The Administration is also seeking $4 million for the Nuclear Hydrogen Initiative, a
new DOE program in which nuclear reactors would produce hydrogen to fuel motor
vehicles. The Senate approved legislation that included a $500 million authorization
to construct a demonstration reactor in Idaho to produce hydrogen.

Purpose
The fundamental purpose of hydrogen promotion is to develop a clean and cost effective
fuel.

Arguments For Hydrogen Promotion
Environmental Benefits:
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Because hydrogen use (not production necessarily) as a fuel is inherently very clean,
hydrogen powered vehicles could greatly improve air quality, particularly urban air
quality where vehicle emissions represent a large portion of total emissions.

Hydrogen use produces no greenhouse gases so if it is produced from non-fossil fuel
sources, it can help mitigate the inputs to anthropogenic global climate change.

Arguments Against Hydrogen Promotion
Producing hydrogen is very expensive at this time, relative to producing other fuels. As
fossil fuels are currently the main source of hydrogen production, increased prices for
gas, oil, or coal would also increases the price of hydrogen.

Hydrogen production can have significant environmental impacts (Morgan, 1995):
• Hydrogen could ultimately be produced using solar or other renewable sources of

energy. However, in the near- and mid-term it is more likely to be produced from
fossil fuels and nuclear-generated electricity. Unless fossil fuels are paired with
sequestration efforts, the carbon benefits of hydrogen are essentially zero, or even
negative.  The benefits can be negative because hydrogen production from fossil fuel
leads to higher carbon dioxide emissions for amount of embodied energy produced
than the emissions from using the fossil fuel itself as a fuel.

• Production of hydrogen from renewable sources might considerably reduce
production emissions, but these techniques are not, as of yet, adequately developed.

• In the future, hydrogen could be generated from water using solar energy, making an
emission free fuel cycle.

• In the near-term, the most likely source for hydrogen is natural gas. Although not
emission-free, the use of natural gas as a feedstock for hydrogen would still lead to
much lower overall emissions compared to petroleum.

Hydrogen development may reduce funding and political will-power critical to other
programs (CRS, 2002). Critics of the hydrogen program suggest that it reduces the
automotive industry's responsibility for developing technological innovations and that it
is intended to undermine attempts to significantly improve vehicle CAFE standards.
Funding for hydrogen development has reduced funding for other programs that could
have a greater positive impact on the environment in the short run.

Safety Issues:
Hydrogen is highly flammable. As a consequence, the manufacture, transport, storage
and distribution of hydrogen must be arranged carefully. Currently, there is little of the
necessary infrastructure to support a move towards using hydrogen as a common fuel
(CRS, 2002).

Issues specific to African Americans
Economic Effects:
• In the near-term, any hydrogen fuel system is likely to be more expensive than the

fuels that it is replacing, particularly automobile fuels. Currently African Americans
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spend a smaller fraction of expenditures on gasoline and motor oils, and as such are
less likely to be affected.

• A large-scale transition to hydrogen will reduce U.S. dependence on the global oil
market. African Americans are more vulnerable to economic downturns associate
with price spikes in this market, and as such will be disproportionately benefited.

Health Effects:
• Hydrogen has the potential to improve urban air quality significantly, which would

disproportionately benefit African Americans. (See Chapter 1)

State of Current Legislation
S.2095 directs the President to establish an interagency task force on hydrogen fuel
infrastructure for hydrogen-carrier fuels.  It also instructs the Secretary of Energy, in
partnership with the private sector, to conduct programs that address production of
hydrogen from diverse energy sources.  A total of $2.148 billion is appropriated for
various aspects of hydrogen promotion.  In addition, S.2095 appropriates $1.135 billion
to establish an advanced nuclear reactor hydrogen co-generation project.
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LIHEAP and WAP

Overview
The Low Income Home Energy Assistance Program, or LIHEAP, is a Federal program
administered by the Department of Health and Human Services’ Division of Energy
Assistance. WAP is the Department of Energy’s Weatherization Assistance Program.
These federal programs provide block grant funding to state governments and tribes to
aid low-income households in need of weatherization, heating, and cooling assistance.
LIHEAP provides heating and cooling assistance to more than 5 million low-income
households. WAP provides energy efficiency services to more than 70,000 homes every
year.

LIHEAP and WAP funding on a constant dollar basis has declined substantially over the
past two decades despite the fact that over the last two decades the number of LIHEAP
eligible households rose 50 percent, according to the Department of Health and Human
Services. In 2003, 23% of the $1.8 billion in LIHEAP appropriations, roughly $400
million, was dedicated to home energy assistance.

Purpose
The intent of these funds is to reduce the number of cold- and heat-related deaths, while
decreasing the economic burden of fuel prices on the poor.

Arguments For LIHEAP and WAP
LIHEAP and WAP are associated with improved health for low-income households by
reducing the risk of heat- and cold-related deaths and, in particular, the risks of
hypothermia.  LIHEAP particularly focuses on households with children under the age of
six, elderly people, and disabled individuals. These groups are at highest risk for life
threatening illnesses or death due to extreme temperatures.

LIHEAP also leads to a reduction in the use of unsafe methods to keep homes warm,
such as improperly vented portable heaters, stoves, fireplaces, or barbecue grills. These
methods are fire hazards, and also create the risk of carbon monoxide poisoning.

WAP improves household energy efficiency through weatherization:
 WAP is estimated to return $1.30 in energy-related benefits for every $1 invested.
 WAP reduces the economic burden of home energy purchases on low-income

households.
 Low-income households typically spend 14% of their total annual income on energy,

compared with 3.5% for other households. Rising energy prices can increase this
burden to 20% or more. WAP reduces average annual energy costs by $224 per
household.

Both LIHEAP and WAP are successful at leveraging other funds. For example, for every
dollar invested by DOE in WAP, the program leverages $3.39 in other federal, state,
utility and private resources.
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Environmental benefits
• Weatherization assistance can reduce the amount of electricity and heating fuel used

by households, thereby improving local air quality and mitigating adverse health
effects, particularly asthma.

• Improved energy efficiency can also reduce the quantity of greenhouse gases emitted
to the atmosphere.

Arguments Against LIHEAP
The main argument against subsidy programs such as LIHEAP and WAP is that the funds
used in these programs could be more efficiently employed elsewhere. For example,
other potential uses of such funds are reduced federal income taxes, particularly for low-
income brackets, increased spending on education or healthcare, and increased spending
on renewable energy sources.

In addition, LIHEAP can have unintended negative environmental effects. Unlike
weatherization assistance, heating and cooling subsidies can act to increase total
household energy consumption, adding to atmospheric pollution and greenhouse gas
emissions.  No information is available on the relative effects of LIHEAP and WAP in
terms of increasing or decreasing total energy use.

Issues Specific to African Americans
Most states do not currently collect information on LIHEAP and WAP fund recipients by
race. RP’s analysis, however, suggests that African American households are almost
twice as likely to be eligible for LIHEAP assistance as non-African American
households.  African Americans comprise 12.7% of the overall population. Based on an
eligibility model, African Americans are estimated to receive an estimated 23% of
LIHEAP funds.  In the few states in which data is actually available, the amount of
LIHEAP funding directed toward African Americans exceeds the level predicted by a
simple eligibility model.  This implies that African Americans stand to benefit
disproportionately from increased funding for LIHEAP and WAP.

The significant decline in LIHEAP and WAP funds on a CPI-adjusted basis over the past
two decades has disproportionately impacted African American community’s ability to
pay for heating and weatherization.

Current State of Legislation
S.2095 increases LIHEAP funding to $3.4 billion annually for fiscal years 2004-2006.
WAP is increased from $325 million in fiscal year 2004, to $400 million for fiscal year
2005, and $500 million for fiscal year 2006.
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New Source Review Modifications

Overview
As part of the Clean Air Act Amendments of 1977, regulations were passed requiring
large polluters to install state of the art emission control equipment when making major
modifications to existing facilities.  Approximately twenty thousand facilities fall under
these provisions.  Types of facilities include incinerators, power plants, iron and steel
foundries, oil refineries, cement plants, chemical plants paper mills, and some
manufacturing facilities.
These “New Source Review” provisions have been recently weakened though
administrative changes within the EPA.

Before the EPA suggested modifications, the existing NSR provisions were an efficient
and effective regulatory tool because of the remedial actions EPA could seek the court to
impose on affected utilities.  EPA can ask the court to require a facility that violates NSR
to install the most recent BACT.  Existing emission control technologies can reduce
emissions of SOx and NOx by approximately 70-90%, depending on the specific case
(Parker, 2000).

EPA rule changes for NSR are threefold:
 Allowing facilities to chose their emission baseline from any two years of the last

ten.  Traditionally, NSR requires the baseline to be based on emission from the
last two year.

 Exempting facilities from requirement to install new pollution control when
making modification to a piece of equipment, if the existing pollution control
equipment was considered adequate as much as 15 years ago.  This is called the
“clean unit exemption”.

 The EPA’s “plantwide applicability limit”(PAL) would allow facilities to trade
emission increases with past emission reductions within the same plant. (NRDC,
2002; McCarthy, 2002)

EPA changes of NSR provisions have been successfully challenged in court based on the
negative impact these changes will have on air quality and human health.

Purpose
The purpose of changing the NSR provisions has been to decrease the regulatory burden
on polluting facilities.

Arguments for NSR Changes
Reducing NSR requirements can save existing electrical generating facilities and other
large polluters significant money through reducing investments and litigation
requirements.  Some of these savings could be translated into cost savings for consumers.

Arguments Against NSR Changes
The changes in NSR will increase air pollution and negatively impact public health.
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According to the EPA (2002), the change in baseline rules could reduce the facilities
subject to NSR by 50%, increasing overall air emissions.  The “clean units” exemption
and PAL requirements will also allow for increased air emissions (NRDC, 2002).   Air
emission of primary concern are:

 greenhouse gases,
 mercury,
 acid forming emissions,
 ozone precursors, and
 particulates.

Because of increased air emissions, these changes to NSR will have a detrimental effect
on people living near polluting facilities.  Changes in NSR will also detrimentally effect
air quality and acid rain production in more distant areas. Acid rain has numerous
associated health impacts including deteriorization of public water quality due to
increased metals leaching.   Reducing NSR requirements will increase the emission of
greenhouse gases, increasing the human impact on climate change

Electrical market deregulation may further encourage the trend of extending the life of
existing coal-fired capacity, as a cost-effective alternative to constructing new capacity.
Given this trend, NSR is an even more important tool for mitigating the environmental
effects of existing plant modifications with its BACT requirements (Parker, 2000).

Issues specific to African Americans

Economic Effects:
 The job impacts are unknown.  The jobs impact in the energy sector is likely to be

small due to the small percentage of African Americans in the energy sector.  Job
saving resulting from plants not needed to adhere to stronger NSR may be similar
to jobs created in the pollution control industry if NSR is left intact.

 Changes in the price of energy and other goods are unknown, though they are
likely to be minimal.

Health Effects:
Like other regulatory or structural changes that increase air emissions, these changes in
NSR will disproportionately affect African-Americans (see Chapter 1).

 These changes in NSR will detrimentally affect air quality in the vicinity of
polluting facilities.  African-Americans may be disproportionately adversely
affected.

 Climate change may disproportionately impact African-Americans.
 Increased mercury in the environment may disproportionately affect African-

Americans.
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Nuclear Industry Promotion

Overview
Recent federal legislation and proposed legislation provides assistance to the nuclear
industry through government bonds, tax incentives, and government backed insurance.

The United States began using nuclear power to produce electricity in 1957 (EIA,
2004b).  There are currently approximately 104 commercial nuclear generating units
licensed to operate in the United States. Net generating capacity has increased steadily
since 1957 with a short decline in 1997.  Nuclear power now accounts for approximately
20% of total electrical generation. A total of 780,064,087 MWh of electricity was
generated by nuclear power plants in 2002 (EIA January 2004 Monthly Energy Review).
Net generation can increase in the future through rerating existing facilities to produce
more energy and through the construction of additional nuclear generating facilities. Net
generation decreases when existing facilities are not operating at full capacity or when
plants are taken off-line.

Source: EIA, http://www.eia.doe.gov/cneaf/nuclear/page/nuc_reactors/reactsum.html
2/10/04

Purpose
The purpose of government promotion of nuclear power is to produce clean, reliable
energy at low cost. An additional goal is the diversification of the electricity generation
portfolio.

Arguments for Nuclear Promotion
Nuclear energy generates less air emissions of criteria pollutant and toxins than fossil fuel
plants. While the construction of nuclear power plants does entail significant releases of
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greenhouse gases due to the amount of concrete used, the production of energy itself is
cleaner than fossil fuels.

 For every 1000MW capacity nuclear power plant operating at 90% capacity,
approximately 1,275,000 metric tons carbon equivalent is displaced given the
current energy mix in power generation (50% coal, 2.3% petroleum and 18%
natural gas) (Hagen, 2001; EIA, 2003).

 The existence of nuclear electricity generation significantly reduces potential
levels of SO2, NOx and mercury emissions.

 Given the predicted increase in power consumption over the next 20 years, if
nuclear power generation does not also increase, greenhouse gas emissions will
grow unless expanding energy needs can be met with non-emitting renewable
energy sources and efficiency improvements.

Nuclear power plants are able to provide consistent power generation and can run at a
higher capacity than many other types of generating facilities.

Arguments Against Nuclear Promotion
While the full cost of nuclear generation is difficult to estimate, by most accounts nuclear
power is expensive.

 Capital costs are higher than with other generating facility types, comprising
about 80% of total generating costs. Since estimates of the cost of nuclear power
generation depend heavily on economic assumptions such as the discount rate, it
is difficult to assess the full cost of nuclear power.

 The future costs of plant decommissioning are not well known and could also
change the calculation of the cost of nuclear energy generation. The discount rate
selected would influence this as well.

 The cost of fuel disposal is another addition to the total cost of generation.
 All aspects of nuclear power generation, from research to construction, have

received government subsidies over the past half-century. 56% of federal energy
R&D funding from 1948 to 2003 has gone to nuclear (as apposed to 11% for all
renewables.) These subsides could be included in the full cost accounting of
nuclear power.

Nuclear power is potentially dangerous.
 There have only been a few, small radioactive releases in the United States, with

minimal overt damage to human health and well-being.  There is the potential,
however small, of a larger release, which could cause significant loss in human,
environmental and material well-being (Lochbaum, 2000).

 The problem of nuclear waste disposal has also not yet been solved. Given the half-
life of nuclear waste, this is a problem for future generations as well as current.

Economic Efficiency of Nuclear Promotion
It may be that other policies can accomplish the same goals (clean, reliable energy) at
lower costs. Government assistance for energy efficient technologies and renewables has
been and continues to be much smaller than the assistance to nuclear power. Government
support of energy sources such as solar and hydrogen could potentially allow for the
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generation of electricity at lower costs than nuclear and without many of the problems
associated with nuclear power such as radioactive waste and plant decommissioning.

Issues specific to African Americans
Economic Effects:
• Nuclear energy (and its subsidies) is relatively expensive. African-Americans, on

average, spend a larger portion of their income on electricity expenses.  Therefore, the
high cost of electricity burdens African-Americans more than other sectors of society.

• Government subsidies for nuclear power could be used for programs that would be of
greater benefit to African-Americans.

Health Effects:
• Nuclear power reduces the health burdens associated with fossil fuel use, which fall

heavily on African-Americans (see Chapter 1). By offsetting air emissions, nuclear
power reduces the risk of asthma and other health effects of air pollution in nearby
communities.

• Nuclear power generation is associated with lower greenhouse gas emissions than
fossil fuel power generation, reducing the human impact on the climate.  As discussed
above, African Americans may be more susceptible to climate change than some
other segments of society. Therefore, the health benefits of reducing climate change
gases may be more important to African Americans than many other groups.

• It is unclear whether the location of nuclear power plants and nuclear waste
repositories are disproportionately closer to communities with high concentrations of
African Americans.

Current State of Legislation
S.2095 directs the Secretary of Energy to implement initiatives that target research,
development, and commercial application in nuclear energy.  $10,000,000 for each of
fiscal years 2004, 2005, and 2006 is authorized to be appropriated to the Secretary of
Energy for:

• Cooperative, cost-shared agreements between the Department of Energy and
domestic uranium producers to identify, test, and develop improved in situ
leaching mining technologies, including low-cost environmental restoration
technologies that may be applied to sites after completion of in situ leaching
operations;

• Funding for competitively selected demonstration projects with domestic uranium
producers relating to enhanced production with minimal environmental impacts;

• Restoration of well fields;
• Decommissioning and decontamination activities.

In addition, a $16 million grant is made for a test nuclear power plant decommissioning.
Additional authorization is given for a total of $1.135 billion for a hydrogen/nuclear
project and $675 million for nuclear infrastructure support.
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S.2095 also includes the Price-Anderson Amendments Act of 2003 which modifies and
extends indemnification authority and liability limits for Nuclear Regulatory Commission
(NRC) licensees and Department of Energy (DOE) contractors.
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Renewable Tax Incentives

Overview
Several renewable tax incentives currently exist in the Federal budget.  For fiscal year
2003, there were two tax expenditures listed for energy production relevant to renewable
energy and conservation:

 $30 million in alcohol fuel credits (see the section on ethanol), and
 $80 million in exclusion from income of conservation subsidies provided by

public utilities (OMB, 2004)
In addition there was an expenditure of $70 million in tax credits and deductions for
clean-fuel burning vehicles.  A recent review of CAFÉ standards by the NRC has
recommended the removal of this tax credit due to its relatively ineffectiveness (NRC,
2002).

Most energy-related tax credits are structured in such a way as to provide a percentage of
the value of investment in specific eligible equipment.  It has been found that, in many
cases, the bulk of the tax credit funds go to businesses or consumers who would have
purchases the eligible equipment in any event. This suggests that credits are generally
ineffective in promoting the development of new technologies (EIA, 1999). There is,
however, an important special case where credits may be cost-effective.  This is when
they are targeted to new industries that are still achieving rapid cost reductions through
learning-by-doing effects. Learning by doing is associated with a decrease in production
cost and price caused by the experience of producing a larger number of units. It is
usually measured in terms of the number of doublings in total output that have taken
place since some base period. (See Leiby et al., 1997, for a discussion of learning-by-
doing.) The reduction in price, in these cases, due to the technological advance can cause
the value of the credit to consumers to exceed the cost of the credit to the government,
providing an economic benefit to the economy as a whole (Hoerner and Gilbert, 2000).

Purpose
The general purpose of the tax credits is to encourage the growth of the renewable energy
industry.

Arguments for Renewable Tax Incentives
There are multiple environmental and health benefits associated with encouraging
renewables. These include reduced carbon emissions and the impact on global climate
change, reduced air pollution for most renewables (e.g. wind, solar, geothermal, hydro),
and reduced health impacts from fossil fuel use.

Current tax incentives for renewables are unlikely to affect the price of energy much.  To
the extent that they do, subsidized energy sources can have economic benefits by
reducing the price of commercial energy in some situations (e.g. by reducing commercial
demand through solar usage or by installing large wind production facilities).
Employment benefits are generally higher for investment in renewables than for
investment in other energy industries. Renewables tend to be significantly more labor
intensive per unit of energy produced or dollar spent than fossil fuels. As a consequence,
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for a given amount of production a shift to renewable energy would likely increase
overall employment levels in the energy sector. According to the DOE (1997): “There are
two main reasons why renewable energy technologies offer an economic advantage: (1)
they are labor-intensive, so they generally create more jobs per dollar invested than
conventional electricity generation technologies, and (2) they use primarily indigenous
resources, so most of the energy dollars can be kept at home.”

Few studies consider the employment effects of switching to renewable energy. One
study calculates that 35.5 person-years of labor are required per every megawatt of PV,
4.8 person-years for every megawatt of wind energy, and 3.8-21.8 person-years for every
megawatt of biomass, depending primarily on the type of fuel (REPP, 2001). REPP also
estimates that wind and PV generate about roughly 40% more jobs per dollar spent than
coal, where a higher percentage of the funds go into capital and fuel costs.

A similar early 1990s study by the Worldwatch Institute estimated that for 1000
gigawatt-hours of production would require 100 workers in a nuclear plant, 116 in a coal-
fired plant, 248 on a solar thermal plant, and 542 on a wind farm (Sonneborn, 2000).
While these studies only provide estimates which are somewhat outdated, the renewable
sector does appears to have overall higher labor intensity per unit of production. An
interesting consequence of these findings is that successful incentives to increase
renewable energy generation would increase the overall level of employment in the
energy sector.

Arguments Against Renewable Tax Incentives
The fundamental drawback of the renewable industry tax incentives is the opportunity
cost of the current lost federal revenues from renewable industry tax breaks.  A further
argument is that tax incentives distort the playing field.

Issues Specific to African Americans
The health effects and climate impacts from switching to renewables are likely to
disproportionately benefit African Americans, particularly in urban and non-attainment
areas (See Chapter 1).  Also, as stated above, reduced vulnerability to oil price shocks
disproportionately benefits the African American population. However, given current
incentive levels, these effects are likely to remain small. There are few economic
employment issues specific to African Americans. Those relating to specifically to
ethanol production have been addressed in the section on ethanol.  RP has conducted its
own analysis of African American employment in the renewable energy sector and found
that African Americans make up approximately 8.5% of employees, roughly the same as
for conventional energy.  Therefore, the employment impact on African Americans is
expected to be minimal except for the overall increase in employment associated with a
move towards more renewables.

Current State of Legislation
A number of provisions in S.2095 promote renewable energy in general, some of which
will be in the form of tax incentives.  S.2095:

• Includes tax incentives for renewable electricity generation;
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• Directs the Secretary of Energy to implement initiatives that target research,
development, and commercial application in renewable energy and allocates
$3.009 billion for these activities;

• Instructs the Secretary of Energy to make incentive payments to promote
hydroelectric production.

• A total of $1.155 billion is authorized for renewable energy projects in addition to
the R&D funding.
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Renewable Portfolios

Overview
A renewables portfolio standard (RPS), also called a national renewable electricity
standard (RES), requires that a given percent of national electrical generation be
produced through the use of renewable energy sources such as solar, hydroelectric,
geothermal, biomass, tidal or wind energy. Bills presented to congress suggested
increasing the percentage of renewable generation in the range of 10% by 2020 (H.R. 6,
and S. 1766) beyond existing renewable generation as of January 1, 2002.

Currently, approximately 8.3% of electrical generation is from renewable energy sources
(primarily hydropower).  The EIA predicts this figure to increase to 8.7% in 2020 and
then drop to 8.4% in 2025 (EIA, 2004a). Most of this generation will continue to stem
from conventional hydropower. Geothermal and wind are predicted to each comprise
approximately 1% of total electrical generation. Other renewable source will make up the
remainder of total renewable generation.

An RPS of 10% would require an additional 10% of renewable generation above the
approximately 8.3% that existed pre-January 1, 2002. As some of the pre-2002 facilities
may be taken off-line, total renewable generation will be less than 18.3%, even if all
utilities are able to make the 10% target.

The proposed program will be implemented through a tradable credit program, allowing
for considerable flexibility between utilities and making the proposal more cost efficient.
With the tradable credit program, utilities that are able to exceed their required RPS can
sell their credits to utilities that are unable to meet the RPS.  Any utility that is unable to
meet the RPS target and does not purchase credits to make up for the shortfall, must pay a
penalty based on total KWh produced. (See EIA, 2002, for more details on proposed
legislation.)

Purpose
The purpose of an RPS is to increase the use of renewables for electrical generation.

Arguments For Renewable Portfolios
The increased use of renewables to generate electricity is predicted to reduce the
externalities associated with various other forms of electrical generation.
• According to a study by the Energy Information Administration (2002), an RPS of

10% by 2020 will reduce air emissions of CO2 by 7%.
• An RPS would reduce fossil fuel use and the environmental impacts associated with

mining, transport, and burning of fossil fuels.
• An RPS is predicted to have little impact on NOx and SO2 emissions, depending on

the type of renewables that replace fossil fuel use (such as biomass) and the
technology used for burning.

• Increased use of renewables would buffer the energy market against price spikes
associated with the global petroleum price fluctuation.
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Electricity prices may decrease with an RPS.
• A study by the Interlaboratory Working Group, in the Department of Energy, found

that an RPS of 7.5% by 2010, when combined with energy efficiency programs,
would save consumers over $65 billion per year by 2020(1997$) (CEF, 2000).

• A report by the Union of Concerned Scientists indicates that by including energy
efficiency incentives (such as those suggested in S. 1333), an RPS of 20% by 2020
would save consumers $35 billion per year by 2020 (UCS, 2001).

Because of decreased demand for natural gas used for electrical generation, the price of
natural gas is also expected to fall, leading to potential savings for consumers. By 2010,
the total residential natural gas bill is predicted to be 1% lower ($534 million) in the RPS
case than in the base case. The savings for the commercial and industrial sectors are 2%
and 4% respectively.(CEF, 2000)

Arguments Against Renewable Portfolios
According to the EIA RPS scenario, electricity prices may increase moderately.
(However, the study by the Interlaboratory Working Group found that the EIA report
overestimates the cost of using more renewable electricity because it uses higher cost and
worse performance assumptions for renewable technologies than used in projections by
the Electric Power Research Institute or DOE. These assumptions are also higher than are
found by experience (CEF, 2000). Using more accurate assumptions, an RPS could be
found to save more money than predicted from gas price decreases alone (CEF, 2000)).

Issues specific to African Americans
Economic Effects:
• Since African-Americans may be more susceptible to price shocks than other groups,

as well as price induced recessions, reducing the probability of energy price shocks
will be particularly beneficial to African-American families.

Health Effects:
• Electrical generation with renewables somewhat reduces the health burdens

associated with fossil fuel use, depending on the renewable used, which fall heavily
on African-Americans (see Chapter 1).

• Increased use of renewables reduces greenhouse gas emissions, which may
disproportionately benefit African Americans.

Current State of Legislation
RPS have been left out of S.2095 and the current (as of March 2004) version of H.R. 6
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The Climate Stewardship Act

Overview
The Climate Stewardship Act of 2003, S.139, proposed by Senators McCain and
Lieberman, would, if passed, require system-wide greenhouse gas reductions.  The
legislation would lead to the establishment of a cap-and trade program for all six of the
Kyoto Protocol greenhouse gases.  The program would be administered by the United
States Environmental Protection Agency (EPA).  Greenhouse gas emitters (covered
entities) are required to submit a tradable allowance to the EPA for every metric ton of
CO2 equivalent they emit each year.  The permits would have serial numbers that are
retired after use, but they do not have to be used in the year that they were issued.

Purpose
To slow the anthropomorphic contributions to global warming by using the market to
reduce greenhouse gas emissions to 5,896 million metric tons of CO2 equivalent from
2010-2015, and 5,123 million tons in 2016 and after (roughly 1990 levels). Additionally,
the legislation is intended to create a just transition fund for workers and consumers.

Arguments For S.139
Efficiently reduces environmental externalities:
External costs associates with carbon dioxide emissions are likely to be significant. The
IPCC reports that the range of estimates for damages from a ton of carbon lie anywhere
from a few dollars to over two hundred dollars. By taking an economy-wide approach it
avoids piecemeal policy solutions that are likely to be less economically efficient and
administratively cumbersome.  Economic efficiency is also encouraged by establishing a
permit auction mechanism to generate revenue.  The revenue from auctions is used to
establish a just transition fund for workers that would be displaced from the policy and
consumers that would face increased energy costs.

Not only would this bill reduce green house gas emissions but reduced greenhouse gas
emissions are likely to be associated with reductions in other pollutants and concomitant
health benefits.

Arguments Against S.139
Economic Costs
The overall costs associated with policies which address climate change are heavily
debated.  Several studies have indicated that the total economic costs are likely to be
small, or even negative, due to the option of revenue recycling. However, strong
measures are likely to have distributional effects within the larger economic umbrella.
Specific energy intensive industries, such as coal-fired electric utilities, are unlikely to be
as economically viable in the future relative to other facilities such as gas-fired or wind-
powered plants.

Continued Environmental Externalities:
• The emission caps proposed by the Climate Change Stewardship Act are less

ambitious than the Kyoto Protocol standard of 7% below 1990 emissions, and
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even the second phase leaves the United States on course for drastic climate
change. Scientific consensus indicates that emissions will ultimately need to reach
levels of no more than 50% of 1990 emissions at most, and even this will likely
only mitigate climate change, not avoid it entirely.

• Only a fraction of the permits are auctioned, the rest are assigned freely to
polluters. Windfall gains, as such, are not as economically efficient as recycling
revenues from permit auctions. The impact on energy prices will ultimately be the
same, and the returned revenue is crucial in offsetting the impacts of energy prices
increases, costs associated with global warming, and investing in clean energy
and energy-efficiency research and development.

Issues Specific to African Americans
Since global warming is expected to disproportionately impact African Americans, a
policy that aims to meaningfully reduce global warming is important.  As African
Americans are disproportionately impacted by global warming, the just transition fund
mentioned above could be expanded to address the costs associated with global warming
as well as the policy itself.  This would be particularly helpful to households that lack the
resources to adapt to climate changes.

State of Current Legislation
S.139 was defeated in the 107th Congress.  The Climate Stewardship Act, or similar
legislation, may be revisited.
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Multi-pollutant Power Plant Legislation

Overview
S.366, the Jeffords/Lieberman/Collins Clean Power Act, sets regulations for the four
main pollutants emitted by power plants: nitrogen oxides (NOx), sulfur dioxide (SO2),
mercury (Hg) and carbon dioxide (CO2).  There are three main versions of the bill
discussed in congress: the Clean Power Act (S. 366), the Clean Air Planning Act (S.
844), and the Bush administration’s Clear Skies Act (S. 485) (which does not include
CO2).  The Bush administration has implemented several pieces of the Clear Skies Act
through the executive branch, and the Clean Air Planning Act has received little attention
of late. Therefore, we will focus on the Clean Power Act.  (See a chart comparing these
legislations below.)

Purpose
The goal of S.366 is to reduce the four most harmful pollutants from power plants in a
comprehensive piece of legislation. The Clean Power Act sets the following emission
caps by 2009:

• NOx - 1.51 million tons
• SO2 - 2.26 million tons
• Hg - 5 tons
• CO2 - 2.05 billion tons by 2009.

The bill allows trading of all pollutants except for mercury.

Arguments For
Economic Efficiency:
This legislation establishes a comprehensive mechanism for addressing pollution from
power plants.

• By addressing all of the pollutants at once, power companies achieve more
certainty over how their business will be regulated and all modifications to plants
may be done simultaneously.

• It establishes a system-wide market for the trading of pollution permits, which is
likely to be more efficient that command-and-control.

• It establishes transition assistance for individuals and communities by allocating a
percentage of revenue generated from emissions allowances to this assistance.
The percentages for assistance starts at 6 percent in 2008, and then is reduced by
0.5 points each year thereafter until 2017.

• By using a multi-pollutant approach, S.366 has the potential to address toxic
hotspots in an economically efficient manner.

• The Clean Power Act prohibits the trading of mercury, which is a particularly
harmful toxic for neighboring communities, and should not be traded so that
hotspots can not form.

Health and Environmental Benefits:
• Reduction in the environmental and health externalities associated with criteria

pollutants.
• Reductions in total greenhouse gas emissions.
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Arguments Against
Continued Externalities:

• Critics have argued that the cap placed on CO2 emissions is not sufficiently low to
halt global climate change.

• Though the legislation prohibits trading of mercury, it does allow inter-pollutant
trading of SO2, NOx, and CO2, which have different levels of toxicity and
impacts. This inter-pollutant trading could lead to the creation of toxic hotspots.
Proponents, however, argue that the levels of reductions are tight enough to
eliminate this problem.

• Permits created for trading in this legislation are given away, rather than
auctioned, creating windfall gains for existing polluters. As a consequence, there
is no double dividend for the fiscal policy.

Economic Costs:
• Increased pollution control is likely entail economic costs, particularly for the

power generating industry. There will be some distortionary economic effects
from permits, as well as transaction costs and enforcement limitations.

Issues Specific to African Americans
• Pollution from power plants disproportionately impacst African American

communities (Chapter One).  As such, reducing air pollution in an efficient and
comprehensive manner would disproportionately benefit African American
communities.

• Hotspots are disproportionately located in African American communities.
Ensuring that these hotspots do not occur would also disproportionately benefit
the same communities.

State of Current Legislation
S.366 was reintroduced in the Senate in February 2004.
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Multi-Pollutant Legislation in Comparison

Clean Power Act, S. 366 –
Jeffords/Lieberman/ Collins

Clear Skies Act,  S. 485 – Bush
admin/ Inhofe/ Voinovich,
H.R. 999 – Barton

Clear Air Planning Act,  S.
843 – Carper, Gregg, and
Chafee

Nitrogen oxide
(NOx) cap

Limit emissions to 1.51
million tons by 2009.

Limit emissions to 2.1 million
tons by 2010, 1.7 million tons
by 2018.

Limit emissions to 1.87
million tons by 2009, 1.7
million tons by 2013.

Sulfur dioxide
(SO2) cap

Limit emissions to .28 million
tons in western region
(Western Regional Air
Partnership plus California,
Montana and Washington) and
1.98 million tons in eastern
region by 2009.

Limit emissions to 4.5 million
tons by 2010, 3 million tons
by 2018.

Limit emissions to 4.5 million
tons by 2009, 3.5 million tons
by 2013, 2.25 million tons by
2016.

Carbon dioxide
(CO2) cap

Limit emissions to 2.05 billion
tons by 2009 (roughly 1990
levels) plus flexibility
measures.

Does not include CO2
program, though Bush
administration advocates a
voluntary program aimed at
reducing greenhouse gas
intensity.

Limit emissions to 2.6 billion
tons by 2009 (roughly 2005
levels) plus flexibility
measures, 2.3 billion tons by
2013 (roughly 2001 levels)
plus flexibility measures.

Mercury cap Limit emissions to 5 tons by
2009.

Limit emissions to 26 tons in
2010, 15 tons in 2018.

Limit emissions to 24 tons by
2009, 10 tons in 2013.

Emissions
trading

Allowed for NOx, SO2, CO2.
No mercury emissions trading.

Allowed for NOx, SO2 and
mercury.

Allowed for NOx, SO2, CO2
and, in a limited way, for
mercury.

New Source
Review

Retains the Clean Air Act
program. Also contains a
"birthday provision" requiring
facilities by 2014 to install
Best Available Control
Technology within 40 years
after commencing operation.

New, reconstructed and
modified sources exempt from
NSR and Best Available
Retrofit Technology (visibility
for national parks/wilderness
areas) requirements as long as
each unit meets new "national
emission limits" or the
following two requirements
within three years after
enactment: 1. The unit
properly operates technology
to limit particulate matter
emissions or is subject to an
emission limit of 0.03 lb/mm
Btu within eight yeas of
enactment; and 2. The unit
uses good combustion
practices to minimize carbon
monoxide.

Reforms included. New
sources remain subject to most
NSR requirements. For
existing sources, NSR
requirements begin in 2009 if
modifications are made that
increase emissions. States are
also allowed to take action to
prevent local air quality
deterioration by specific
facilities.
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Emission
Credit
Allocation
Method

Based on facility share of total
year 2000 energy output.
Allowances for SO2, NOx and
CO2 distributed annually by
the Environmental Protection
Agency starting in 2008 to five
main categories:
consumers/households;
transition assistance;
renewable energy-efficiency-
cleaner energy; carbon
sequestration; and existing
units (with such units
receiving 10 percent in 2008
and declining one point
annually until it reaches 1
percent in 2017).

Input based allocations with
auctions for a portion of
allowances each year. In the
first year, 1 percent is
auctioned and the percentage
increases each year.

NOx, mercury and CO2 would
be output based, using average
annual new generation from
most recent three-year period.
SO2 would be based on CAA
Title IV Acid Rain program
with provisions for new
sources

From Energy and Environment Daily, http://www.eenews.net/EEDaily/sr_MPchart.htm,
3/30/04
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Appendix A: The Economists' Statement on Climate
Change

As a result of work by Redefining Progress, this statement was endorsed by over 2,500
economists including eight Nobel Laureates:

1. The review conducted by a distinguished international panel of scientists under
the auspices of the Intergovernmental Panel on Climate Change has determined
that "the balance of evidence suggests a discernible human influence on global
climate." As economists, we believe that global climate change carries with it
significant environmental, economic, social, and geopolitical risks, and that
preventive steps are justified.

2. Economic studies have found that there are many potential policies to reduce
greenhouse-gas emissions for which the total benefits outweigh the total costs.
For the United States in particular, sound economic analysis shows that there are
policy options that would slow climate change without harming American living
standards, and these measures may in fact improve U.S. productivity in the longer
run.

3. The most efficient approach to slowing climate change is through market-based
policies. In order for the world to achieve its climatic objectives at minimum cost,
a cooperative approach among nations is required -- such as an international
emissions trading agreement. The United States and other nations can most
efficiently implement their climate policies through market mechanisms, such as
carbon taxes or the auction of emissions permits. The revenues generated from
such policies can effectively be used to reduce the deficit or to lower existing
taxes.

The original drafters of this statement are: Kenneth Arrow, Stanford University; Dale
Jorgenson, Harvard University; Paul Krugman, MIT; William Nordhaus, Yale
University; and Robert Solow, MIT

The Nobel Laureate signers are: Kenneth Arrow, Stanford University; Gerard Debreu,
University of California, Berkeley; John Harsanyi, University of California, Berkeley;
Lawrence Klein, University of Pennsylvania; Wassily Leontief, New York University;
Franco Modigliani, MIT; Robert Solow, MIT; and James Tobin, Yale University.
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Appendix B: Discussion of Market Mechanisms

One of the fundamental differences in types of policies to address climate change is
whether they rely on traditional command-and-control strategies or regulations to reduce
pollution, or whether they use market approaches, such as taxes and permits, to reduce
pollution.

The two most important market-based regulatory systems to be enacted in the U.S. are
the tradable sulfur dioxide emissions permit system under the Clean Air Act
Amendments of 1990 and the Ozone-Depleting Chemicals Tax. Both of these systems
have produced significant reductions in emissions at a cost far below that projected by
either the Environmental Protection Agency (EPA) or industry (Cook, 1996;
Schmalensee et al., 1998). Similar systems have been proposed for emissions of
greenhouse gases, oxides of nitrogen, mercury, and other pollutants.

The reason for their popularity is that such systems, if properly designed, allow emitters
the maximum flexibility in the time, place, and manner of reductions. This in turn permits
emissions reductions to be achieved at the lowest possible cost.  Furthermore, while some
market mechanisms, such as carbon taxes and carbon permit systems, result in increased
costs to industries which emit high levels of carbon, the revenue from these taxes can be
used to benefit the economy in a number of ways including reducing income or payroll
taxes, providing benefits to workers displaced in high carbon emitting industries, funding
education, etc.  Given that many energy intensive industries are not labor intensive, using
carbon tax revenue to cut taxes or support other industries can have an overall benefit to
the economy.7

African-Americans have a particular interest in the choice of environmental policies for
two reasons. First, African Americans are generally more vulnerable to pollution impacts
because of their spatial distribution (see Chapter One). Therefore, African Americans
may be disproportionately worse-off with the use of market mechanisms for pollutants
that cause local hot spots, unless additional safeguards are added to limit the impact of
local concentrations.

Second, as a result of lower average income and wealth, African Americans are more
vulnerable to environmental policies with regressive impacts. These include
environmental policies that have distributional patterns similar to consumption taxes.  In
as much as market mechanisms reduce the overall costs of emission control, these
methods can reduce the transmitted costs to African Americans. African Americans also
stand to generally benefit from revenue-raising mechanisms such as auctioned permits
and taxes over non-revenue mechanisms such as grandfathered permits, with the
additional proviso that the revenues should be distributed progressively (through taxes,
transfers, or provision of public services) or used to finance further emission reductions
or efficiency improvements.

                                                  
7 This beneficial aspect of carbon taxes is referred to as the double dividend.  Carbon taxes both reduce
greenhouse gas emissions and other pollutants and can be used to help the economy.
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This appendix provides a comparison of two traditional regulatory approaches, best
available control technology (BACT) and plant-level emissions restrictions, to four
market-based approaches.  These market-based approaches are tax incentives for
specified new technologies, emissions permits that are given to firms (grandfathered),
emissions permits that are auctioned, and pollution taxes.  The six types of policies are
examined for several relevant concerns including economic efficiency, information and
transaction costs, local impacts, revenue recycling, and technology promotion.

When evaluating the appropriateness of different regulatory methods for a given policy
goal, there are a number of factors to consider: cost efficiency, information requirements
and transaction costs, need for set reductions in emissions or set costs, local impacts,
windfall profits, revenue recycling possibilities, and promotion of new technology.

Efficiency

Because the cost of emission controls can vary tremendously between different facilities,
different control methods, and even different times, allowing for flexibility in achieving
overall emission reduction goals will decrease the cost of achieving these goals.  For
example, a command and control approach (or BACT) provides little choice as to place,
manner or time or emission reductions.  Plant-level emissions caps allow full choice as to
the manner of achieving the reduction, while continuing to specify time and place. Tax
incentives for new technologies specify the manner of the reduction while allowing full
freedom on the time and place of the reduction. Tradable permits and pollution taxes both
provide the full range of flexibility.

Information requirements and transaction costs

While regulatory methods that allow for the maximum flexibility may appear to be the
most cost effective, there can be other regulatory costs that can offset the savings
associated with flexibility.  For example, in a situation where there are numerous small
emitters, monitoring of emission levels can be both difficult and costly. In these cases,
BACT-type regulations or tax incentives for clean technologies may be less expensive
than alternatives that require direct emissions monitoring. Indeed, these technology-based
approaches may be the only feasible regulation type in such cases.

However, this is not true when emissions are closely associated with some more easily
observable quantity. For example, since the emission of carbon dioxide is directly
proportional to the consumption of fossil fuels, carbon emissions can be deduced from
fossil fuel purchases.  It is probably less expensive to regulate fossil fuel purchases
through tradable permits or taxes than to monitor the technology of fuel consumption at
tens of thousands of individual sites, which would be required for BACT regulations of
technology tax incentives.
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Set emission reduction and regulatory burden limits

Depending on the pollutant in question, the key goal of a regulatory regime may be to
meet a set emission level, or it may be to achieve a more flexible level of emission
reduction but with a predetermined cost to the industries being regulated.  With BACT, if
the technology cost and effectiveness if well understood, then both the emission outcome
and overall cost can be determined in advance. With emission permits, the total level of
allowable emissions can be set yet often the costs of meeting this limit is unknown and
could be higher (or lower) than regulators predicted. With emission taxes, the total cost
burden on regulated facilities can be estimated but if the cost of achieving emission
reductions are not clearly known by regulators, the tax level chosen might only achieve a
much lower level of emission reduction than desired.  This might force regulators to
change the tax level, leading to uncertainty within industry of the future cost
requirements and appropriate technology investments for changing tax levels.

With tax incentives for emission reductions through new technologies or processes, there
is no cost burden on industry, rather there is a cost to the government that can be
unknown. Overall emission reductions with tax incentives are likely to be difficult to
determine because it is hard to predict how many firms will use the tax incentive.

Local impacts

An important concern with tradable permits of allowances is that they might lead to some
areas becoming more polluted, even as overall pollution levels decrease.  This would
occur if the cost of control in some area is so high that it is cost effective for the
industries there to purchase emission permits or allowances than to reduce emission
levels.  The result could be a toxic hotspot which could have detrimental effects on local
health and environmental quality.   This problem is especially relevant when the health
impact of a pollutant increases more than directly proportionally with emissions.

In principle, this problem can be addressed with a more complex trading mechanism that
takes into account local effects. However, this added complexity increases the cost of
administering the market mechanism and somewhat reduces its cost advantage over more
traditional regulatory forms. In such cases market mechanisms may be inappropriate, or it
may be desirable to use the market mechanism to set overall targets while retaining a
regulatory backup to address the worst of the local impacts.

Windfall profits

Regulating pollution emissions generally increase production costs because firms need to
purchase new equipment or pay taxes on emissions etc.  However, such regulations
typically raise the cost of the marginal (last) unit of production by more than it raises the
cost of the average unit of production because the lowest-cost reduction opportunities are
normally used first.
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Because price in competitive markets is set equal to marginal cost, at least in theory,
regulations will raise the price of output sold to consumers by more than the average cost
of production.  Giving away emission permits, like grandfathered permits, therefore give
rise to windfall profits. In the case of auctioned permits, no such windfall arises, because
the auctioneer (presumably the government) captures the difference between average and
marginal cost. This money can then be returned to consumers in the form of tax cuts or as
essential public services.

Tax incentives can also create windfall profits in a different way. Individuals or firms that
were planning to buy the eligible technology even without the tax incentive will generally
receive the tax incentive, even though it has not affected their behavior. Thus the subsidy
constitutes a windfall to these individuals or firms.

Revenue recycling

Auctioned permits and taxes generate government revenue.  In general, these
mechanisms do not impose a higher cost on consumers than non-revenue mechanisms
such as grandfathered permits. Instead, both mechanisms should raise costs to consumers
by the same amount but in the case of grandfathered permits, the firms take the profit and
in the case of auctioned permits and taxes, the government takes the additional
revenue(See, e.g. Fullerton, 2001).

If the revenues from auctioning or emission taxes are used to reduce other taxes, a second
source of efficiency can come into play. Since most taxes cause economic distortion costs
in addition to the revenue they raise, this “revenue recycling” effect can produce
additional efficiency benefits for the economy. These efficiency benefits may partially or
fully offset the economic costs of the environmental regulation.  It is more likely that the
economic costs will be fully offset if the revenues are used to cut highly distorting taxes,
and if the market mechanism is combined with “no regrets” technology promotion
policies and with the elimination of market barriers to new, cleaner technologies (Parry et
al., 1999; Krause et al., 2002).

Technology promotion

Another way to increase the efficiency of emission reductions is to promote the
development of new emission control technologies.  Some regulatory methods stimulate
the development of new control technologies that can achieve a specified level of
emission reductions at a lower cost than current technologies.

BACT-type regulations generally do not provide any stimulus to developing new control
technologies, and indeed may impede the development of such technologies by
specifying the allowable technical approach and providing no incentive for improvement.
Taxes and tradable permits do provide an impetus to develop new technologies, as all
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emissions reductions result in economic savings proportional to the tax rate or permit
cost.

The stimulus to technology effect is more ambiguous in the case of tax credits. Like
BACT regulations, tax credits typically apply only to specified technologies. Thus, they
are generally effective in stimulating technological advance only in the case of relatively
immature industries that are still achieving rapid cost reductions through learning-by-
doing effects (Leiby et al., 1997). However, in such cases, the reduction in price due to
the technological advance can cause the value of the credit to consumers to exceed the
cost of the credit to the government (Hoerner and Gilbert, 2000).

The following table summarizes the effects of different policy instruments discussed
above.

Market and Regulatory Instruments and their Effects
Instrument Least-cost

reductions
Information
requirements

Meeting
emission
and/or cost
limit goal

Local
hot
spots

Windfall
profits

Recycling
efficiency

New
techno.

Regulation:
BACT

No Low Both No No No No

Regulation:
Facility caps

Partial High Emission No No No Yes

Tax incentives Partial Low Neither Yes Yes Negative Yes
Grandfathered
permits

Yes High* Emission Yes Yes No Yes**

Auctioned
permits

Yes High* Emission Yes No Yes Yes

Pollution tax Yes High* Cost Yes No Yes Yes
*Information costs may be lower if emissions are easily monitored, as when they are
proportional to fuel purchases. See text for discussion.
**For young industries with rapid learning curves only.



          
 

National Commission on Energy Policy Background Paper  
 

U.S. Climate Change Diplomacy:   
A History and Framework for Evaluating Future Options  

 
Prepared by Nigel Purvis* 

 
Executive Summary 

 
This paper introduces the history of climate change diplomacy and provides a framework for 

thinking about future U.S. international action.  The intent is to provide background for the Commission 
as it begins to debate what, if any, recommendations to make regarding the international dimensions of 
climate change.  Ensuring equitable climate change action by developed and developing nations alike will 
be critical for economic, environmental and political reasons.  Deciding which should occur first – U.S. or 
developing nation action – is perhaps a false ‘chicken-or-egg’ choice.  While domestic policies and 
international diplomacy can proceed in tandem, however, the thesis of this paper is that international 
policies should grow out of domestic policies, experiences and interests.  Deciding on a domestic policy 
recommendation first, therefore, may be a prerequisite for constructing a complimentary climate change 
foreign policy. 
 

Climate cooperation has changed little over its fifteen-year history.  While other countries have 
grown more sympathetic to U.S. market-oriented approaches to environmental regulation, a large 
philosophical divide still separates the United States from many in the international community.  Some 
other nations view the United States as excessively concerned with its economic welfare and unaware of 
its responsibility for causing climate change.  Developing nations, in particular, suspect the United States 
aims to force them to deal with climate change in ways that could threaten their economic growth and 
would impose too great a responsibility on poor nations that did little to cause global warming.  The 
fundamental geopolitical alignment on climate change is unlikely to change soon. 
   

To be taken seriously at home or abroad any new U.S. proposal for international climate 
cooperation would likely need to specify what types of policies nations would adopt, when the policies 
would apply, whether they would be legally binding, which nations would participate, how the approach 
could be negotiated successfully and why the policies would prove effective over time.  The first of these 
questions, concerning the substantive policies that countries should adopt, has captured the lion’s share of 
attention in the United States.  Almost two dozen credible proposals have emerged in the last five years, 
which can be grouped into a small number of categories ranging from legally binding and internationally 
enforceable national emission targets to purely voluntary international actions.  These proposals have a 
variety of pros and cons, and must be evaluated against identifiable criteria for success. 

 
By far the most important factor for judging the wisdom of the United States pursuing any 

international option, however, is whether the approach would compliment and grow from U.S. domestic 
measures.  Domestic action is necessary for international credibility and a prerequisite to securing 
reciprocal commitments from other nations.  More fundamentally, however, U.S. foreign policy must 
mirror domestic realities.  International policies that are not grounded in domestic fact are rarely durable.  
Our environmental diplomacy in particular has succeeded when we have exported U.S. domestic 

                                                 
*  Nigel Purvis is a senior scholar at The Brookings Institution.  Previously, he was a top climate change 
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Assistant Secretary of State for Oceans, International Environmental & Scientific Affairs. 
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approaches but has fallen short when we have sought to import international solutions.  Our experiences 
reflect not only our superpower status and resistance to international pressure but also legal and political 
obstacles to U.S. treaty ratification.  Until the United States develops a domestic, bipartisan approach to 
climate change it may have little to offer the international community beyond its current generous 
investment in climate change science.   

 
The Commission, accordingly, may profit most from deciding what domestic climate change 

policies to advocate and then exploring the relative merits of a small handful of complimentary 
international policies.  Once the outline of domestic recommendations become clear, the Commission 
should have a keener understanding of which international options make sense for the Unites States, could 
be negotiated internationally and would prove effective over time. 

 
The History of Climate Diplomacy 

 
The history of international climate change diplomacy is at once quite linear and yet difficult to 

present in summary form because the issue engenders so much controversy.  The basic facts are the 
following.  (A more complete history is contained in Appendix I.) 

 
Science.  In 1988, largely at the urging of the United States, the international community 

established the United Nations Intergovernmental Panel on Climate Change (IPCC) to summarize 
periodically the state of scientific knowledge.  In April 2001, the IPCC released its third major report, 
which, like its predecessors, strengthened the scientific case that (i) the Earth’s climate is warming, 
(ii) human activity is playing a role and (iii) the consequences of climate change, while difficult to 
predict, are likely to prove significant.  Perhaps the most startling conclusion, however, was that most of 
the warming observed over the last 50 years is attributable to human activities and not natural variation in 
the planet’s climate system.  The IPCC has been accused in the United States of overstating the problem 
and yet it relies disproportionately on U.S. funding and scientists.  The American National Academies of 
Science have broadly endorsed the findings of the IPCC, while noting that the IPCC reports lack the 
qualifications and nuances of the underlying research as any summaries would. 

 
Initial Steps.  Nations concluded the UN Framework Convention on Climate Change in 1992 at 

the Rio de Janeiro ‘Earth Summit.’   Parties agreed to prevent dangerous interference with the climate 
system, and to report periodically on their greenhouse gas emissions and policies.  Developed countries 
alone made a political (non-binding) pledge to reduce their emissions to 1990 levels by the year 2000.  
The Convention contained no legal obligations to adopt specific energy policies and many nations left Rio 
expecting global emissions to rise rapidly.  Almost immediately after Rio, the United States ratified the 
Convention and almost all UN member states followed suit. 

 
Kyoto.  In December 1997, with global emissions still rising, nations concluded in Kyoto, Japan, 

a more ambitious agreement that became known as the Kyoto Protocol.  Under pressure from Europe in 
particular, industrialized nations agreed to pursue legally binding obligations to reduce their emissions on 
average by five percent below 1990 levels during the period 2008-2012.  Nations also agreed to begin no 
later than 2005 to negotiate post-2012 targets.  The Kyoto treaty also contained long-term cost-saving 
market-oriented elements pushed forward by the United States, including a multilateral ‘tradable 
emissions permit’ system.  The 1997 pact left open many practical issues, however.  It was not until late 
2001, that countries agreed on the rules for emissions trading, permitted nations to take into account 
carbon sequestration in calculating their Kyoto targets and formalized rules for dealing with non-
compliance with the Kyoto treaty.  With the 2001 changes and the withdrawal of the United States 
(discussed below), the Kyoto targets may have became more symbolic than environmentally important as 
these developments made it easier and less costly for nations to reach their targets.  The EU, Japan and 
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many other nations have ratified the agreement and it is now poised to enter into force when Russia 
ratifies the agreement (probably later this year). 

 
Bush Administration.  In March 2001, President Bush rejected the Kyoto Protocol, describing it 

as ‘fatally flawed in fundamental ways.’  He cited its potential cost, its limited environmental benefits, 
lack of a clear long-term goal and absence of developing nation targets.  Since then, the Bush 
Administration has promoted international science and technology cooperation, as well as voluntary 
domestic measures, as an alternative to internationally negotiated targets.  It has, for example, given 
particular attention to the prospects of extracting liquid hydrogen from coal while simultaneously 
sequestering the resulting carbon byproduct in the ground.  Many countries are interested in science and 
technology cooperation with the United States but few nations view these policies as sufficient to lower 
emissions substantially now or as a substitute for national emission targets.  Most nations have greeted the 
Bush Administration’s climate diplomacy with skepticism since U.S. investment in climate friendly 
technologies is arguably not materially larger than before the President took office, although the focus has 
shifted from renewable energy and energy efficiency to hydrogen. 
  

Static International Politics.  Climate change diplomacy has been marked more by constancy 
than evolution.  In particular, the policy objectives of the three major negotiating forces – the European 
Union, major developing nations and the United States -- have been remarkably consistent.  Europe has 
pressed for ambitious short-term, legally binding emissions targets for developed nations as a first step 
toward targets for all major emitters.  The United States, in contrast, has sought to avoid overly ambitious 
reduction targets, emphasizing instead the importance of clarifying climate change science, limiting 
economic costs and uncertainties, and securing a global response that would include significant efforts by 
major developing nations.  Though the foreign policies of the last three Presidents have vacillated on 
whether the United States should adopt a binding emissions target, the broader U.S. political context has 
remained fairly static.  Even though the science of climate change has hardened over the last fifteen years, 
the Congress has yet to develop a consensus to regulate greenhouse gas emissions and, absent this, 
internationally negotiated U.S. targets remain somewhat academic.   

 
Major developing nations for their part have placed the highest priority on avoiding impediments 

to their economic growth, while also pursuing a secondary goal of attracting foreign investment in 
modern energy technologies.   One significant evolution has occurred.  There is now a growing 
acceptance in Europe and the developing world that U.S.-style market mechanisms, such as emissions 
trading, can reduce emissions and lower costs.  A similar evolution may also be taking place with the 
increasing acceptance of carbon sequestration as a compliment to industrial emission reductions, although 
full acceptance of this is still years away. 

 
Big Picture.  Though the Kyoto Protocol will likely enter into force, climate diplomacy has fallen 

short of the goals established by the international community over the past decade.  Not only are global 
emissions rising (perhaps inevitably), but intensive diplomatic efforts to erect a more forceful climate 
change regime than existed ten years ago will at best cover only one quarter of worldwide emissions and 
will not include the United States, the world’s largest emitter.  The emission commitments for those in the 
Kyoto system are likely to prove more symbolic than genuine and real doubts persist about whether even 
these nations will adopt meaningful new domestic climate change policies.  
 
Framework for Analysis 
 

A new U.S. climate proposal will be called on to answer the following questions: what policies 
are proposed, who would be involved, when would it occur, what legal status is envisioned, how could it 
be negotiated and how effective would it be?  Since climate change is a challenge that requires collective 
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action and broad international acceptance, understanding these different dimensions of climate change 
foreign policy is critical to evaluating any option. 

 
What policies?  For many, the most critical question is the substantive nature of the policy 

commitments to be made by states.  Kyoto-style national targets are conceptually far-removed from the 
Bush Administration’s investments in new energy technologies.   Because the policy instruments 
employed are critical, the leading options are explored systematically in the next section of this paper. 

 
Who is involved?  International environmental law tends to regulate nations not individuals.  

Kyoto was negotiated at the global level (involving over 180 countries) but it required only industrialized 
countries to make commitments.  The major alternatives for the United States include:  

(i) a global agreement with global commitments,  
(ii) a regional (Western hemisphere) approach,  
(iii)  an ad hoc coalition of willing developed and developing countries,  
(iv)  an agreement among only developed nations,  
(v) cooperation between the United States and key developing nations   
(vi)  a negotiation among only key states, such as the dozen largest emitters.   
 
When do actions occur?  The critical questions regarding timing are twofold: when will the 

commitments take effect and how long will they last.  The policy tradeoffs are straightforward.  Early 
commitments increase the risk of economic disruption, while delays can undermine credibility.  A short 
duration enhances flexibility but can undermine long run predictability.  The Kyoto formula is to begin in 
roughly a decade but to last for only five years, with the expectation of new negotiations to follow. 

 
What legal status?  International commitments can be ‘legally binding,’ ‘voluntary’ or a hybrid of 

both, such as an ‘options contact’ that for the holder is voluntary until executed.  The term ‘voluntary’ 
describes not whether the commitment was entered into freely but rather whether other nations can hold 
the country in question accountable.  In this sense, the legal status of the commitment is closely related to 
how the international community ensures compliance.  ‘Voluntary’ commitments tend not to have any 
compliance mechanisms at all.  ‘Legally binding’ commitments generally do (although not always) and, 
in international environmental law, even these compliance systems are generally weak (optional 
mediation).  Kyoto, in sharp contrast, envisions financial payments or penalties for countries that exceed 
their emission target. 

 
How negotiated?  A proposal for new climate change cooperation is of little value if it stands no 

real chance of adoption by the necessary parties.  Geopolitical realities have for more than a decade caste 
a long shadow over international climate change talks, as the preceding discussion makes clear.  To be 
politically acceptable to the United States and other key parties a proposal must satisfy five criteria – it 
must have an environmental benefit, be cost effective, contribute to energy security, be equitable and help 
developing nations grow.  These short-term political criteria for success are described more fully in 
Appendix II. 

 
How effective?  Just because an agreement can be negotiated does not mean it would be effective 

in the long run.  Any new international climate regime will succeed only if it places realistic demands on 
governments and international institutions, is efficient and flexible, and encourages compliance.  These 
long-term criteria for success are also described in Appendix II. 

 
Policy Instruments 

 
Over the past few years numerous policy alternatives to Kyoto’s national targets have emerged, 

mostly pushed forward by U.S. economists, lawyers and foreign policy experts.  (Over twenty such 
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proposals are summarized in Appendix III.)  The most prominent and realistic of these proposals fall into 
roughly seven categories.  These categories describe only the policies each nation would pursue.  They do 
not answer the other difficult questions discussed immediately above such as whether the international 
policy commitments would are legally binding or voluntary, or whether they could be negotiated. 

 
Absolute National Targets.  One suggested approach would stick with the Kyoto architecture – 

absolute (meaning numerically fixed) national emission targets for a predetermined time period, made 
more cost effective through emissions trading and carbon sequestration – but the new approach would 
choose more realistic, less-ambitious targets for the initial period(s). 

 
Dynamic National Targets.  Unlike the Kyoto targets, which do not vary once negotiated, 

dynamic targets would accommodate changing economic circumstances.  Nations could agree, for 
example, to achieve by a certain date a pre-negotiated improvement in carbon intensity (emissions per 
unit of gross domestic product).  The voluntary target announced by President Bush is a dynamic target. 

 
National Targets with a Safety Valve.  Another approach would involve nations taking on 

absolute or dynamic targets but with an important condition – the cost of emission reductions would be 
capped by an automatic price mechanism or ‘safety valve.’  The safety valve would kick in to protect the 
economy if climate policies turned out to be more expensive than a pre-agreed price established at the 
international level.  In contrast to Kyoto’s absolute commitments (a guaranteed environmental outcome 
regardless of the cost), the safety valve would provide economic certainty but would leave the 
environmental outcome uncertain. 

 
Sectoral Targets.  In contrast to the national (economy wide) targets discussed above, one option 

would require nations to adopt sector specific emission targets, such as for transport, housing and 
industry.  Sectoral targets would allow countries to begin in one area before regulating another.  They 
might also help maintain consistent policies from one country to the next, in contrast to national targets 
where each nation would have the flexibility to decide in which sectors to reduce emissions. 

 
Coordinated R&D.  Another option would be a internationally coordinated effort to develop and 

spread clean, efficient energy technologies.  Advocates of this approach tend to speak in terms of 
replicating the Marshall Plan (large-scale foreign aid) and the Apollo Program (enormous investment in 
new research and technologies).  Nations would count on voluntary market forces to spread the use of 
these technologies and thereby lower emissions. 

 
Other Harmonized Policies.  This approach would involve nations negotiating other common 

policies, such as harmonized carbon taxes, uniform technology (energy efficiency) standards, or the 
phased elimination of fossil fuel subsidies.  Another option in this category would be for nations to 
negotiate a common ‘safety valve’ that would apply in otherwise purely domestic emissions trading 
systems. 

 
Voluntary Peer Review.  This  approach would have nations pursue purely voluntary programs at 

the international level (although domestic programs could be mandatory under national law if a country 
choose to do so).  Nations would meet periodically to review the adequacy of their respective actions and 
discuss equitable burden sharing.  International peer review might lead nations to change their policies 
voluntarily, much in the way major industrial nations partially coordinate their monetary policies.  To 
some extent, this is the approach established already in 1992 under the Framework Convention. 
 
Start at Home and Build Out 
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As the preceding analysis suggests, climate change represents an exceptionally difficult challenge 
for the international community.  Success will depend on whether nations can learn from the 
shortcomings of the Kyoto process.  For the United States, this probably means accepting one major 
proposition – start at home and build out.  Among the reasons Kyoto failed to secure U.S. support, apart 
from its substantive deficiencies, is that Kyoto did not grow out of a domestic political consensus.  Our 
nation tried to build an economic regulatory framework abroad before laying the foundation at home.  
Logically U.S. policy makers might place the highest priority on securing international action on climate 
change since acting alone, no single nation (not even the United States) can solve the problem.  
Understanding what must be achieved globally, therefore, is essential to deciding how each nation should 
proceed domestically, particularly since nations will insist that others carry their fair share of the burden.  
While this powerful logic must shape climate policy over the next century, the United States is likely to 
need to develop an effective domestic policy first for the following reasons. 

 
International Credibility.  Domestic action is a necessary precondition for international influence.  

The willingness of the United States to act influences what policies other nations will adopt.  We stand 
little chance of convincing other countries to follow policies we have declined to pursue ourselves.  The 
United States’ energy inefficiency (the worst in the developed world), emissions (25 percent of the global 
total) and historic responsibility for human-induced climate change (approximately 40%) undermine U.S. 
international credibility.  Deciding international goals independent of domestic policy, moreover, can lead 
(as it did in the Kyoto negotiations) to unrealistic expectations regarding what other nations can be 
convinced to do.  By learning what policies work at home we will better appreciate what may be possible 
and politically acceptable abroad. 

 
U.S. Interests and Geopolitical Realism.  Perhaps just as fundamentally, to work for the United 

States an international approach needs to serve U.S. interests.  Most durable and effective international 
agreements (those that are ratified widely and genuinely influence behavior) mirror the interests of the 
great powers.  Those nations are most likely to recognize an international initiative as serving their 
interests when it builds on their own laws, policies and programs.  With the support of these key nations, 
the international community can then leverage broader global participation and compliance from others.  
Producing this snowball effect often lies at the heart of successful diplomacy.  The international trade 
regime is a prime example of a system that was created by the great powers for their benefit but has 
grown over time to include almost all nations.  Efforts to use international agreements and institutions to 
force the great powers to act against their perceived self-interests are less likely to succeed for obvious 
reason.  An international approach that imitates U.S. domestic policy is highly likely to meet with U.S. 
approval. 

 
Impervious Superpower.  While international politics may drive domestic politics in some 

countries this is rarely the case in the United States.  Our power, size and political system (separation of 
powers) make us relatively less sensitive to international pressure than perhaps all other nations.  When 
the international community has chosen to conclude treaties without addressing U.S. concerns, the United 
States has generally not joined those agreements.  The law of the sea convention, the biological diversity 
convention, and the convention on the elimination of discrimination against women provide examples of 
the United States remaining outside nearly universally accepted treaties.  More recent examples include 
the land mines convention and the international criminal court.  In short, the United States is relatively 
impervious to international pressure to join heavily negotiated international systems. 

 
U.S. Environmental Diplomacy.  In the environmental context, the United States has joined 

international agreements when it has staged its actions, experimenting first with a variety of domestic 
approaches and then subsequently exporting the most successful formula to the international arena.  The 
most frequently cited example of this sequencing is the U.S. effort in the 1980s to reverse stratospheric 
ozone depletion.  The United States led the world in banning, over a commercially reasonable time, the 
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production and use of ozone-depleting substances (such as certain types of spray can agents) and then 
built on that effort internationally.  The policy consensus about how to deal with the ‘ozone hole’ 
developed in the United States first and then pulsed across the globe like a stone dropped in tranquil 
water.  Controls on dangerous persistent organic pollutants (POPs), such as DDT, dioxin and PCBs, 
provide a more recent example.  The global POPs convention negotiated under President Clinton and 
almost immediately endorsed by President Bush seeks to severely restrict at the international level the use 
of a dozen dangerous chemicals that have already been banned or controlled in the United States.  
Because it builds on the U.S. model, the POPs convention is uncontroversial in the Congress and is on a 
relatively fast track to ratification.  The sequencing of domestic and international action means that for the 
United States most environment treaties merely ratify existing policy rather than breaking new ground 
(this is not true for many other nations, which is why environmental treaties are still valuable to the 
United States).   
 

Mirroring Domestic Action.  Not only must domestic action come first but also treaties usually 
mirror U.S. law.  The United States ratifies agreements only when the President has full authority to 
ensure U.S. compliance.  This explains why the United States has not joined a number of relatively non-
controversial environmental treaties, such as the Basel convention on advance notification of 
transboundary shipments of hazardous waste and the Arhus agreement on public participation in 
environmental decision-making.  In each case the Congress would need to enact relatively minor changes 
to U.S. laws but it has not yet done so.  (Interestingly, many other nations including Japan do not insist on 
the same degree of uniformity between domestic and international law.  Canada, for example, has ratified 
the Kyoto agreement even though its domestic laws only allow the government to pursue implementation 
of the treaty up to a predefined economic cost, raising the possibility that if Kyoto proves expensive the 
government could not ensure Canada’s compliance.  This difference in treaty practice explains in part 
different attitudes toward Kyoto.)  The net effect is that for the United States international treaties and 
domestic law usually must share an identical structure.  A climate change treaty that required the United 
States to meet a particular emissions target could not be ratified by the United States unless domestic law 
authorized the President to ensure that the U.S. economy stays within that target.  The only way this could 
occur is if the Congress had adopted an identical or more restrictive emissions target.  If the United States 
adopts technology standards at home but does not regulate greenhouse gas emissions directly, it would 
not be able to ratify a Kyoto-style treaty that sets quantitative limits on emissions.  U.S. treaty practice 
makes it hard to mix and match because domestic law must subsume our international obligations. 
 

Understanding Kyoto.  Climate change diplomacy followed the more risky model of charging 
ahead internationally well before the emergence of a domestic consensus. One can understand why this 
decision was made.  Other developed nations were eager for the United States to slow its emissions 
growth.  Frustrated by inaction in the United States, they pressed for an international agreement to force 
the issue.  The Clinton Administration went along because its domestic attempt to reduce emissions had 
failed (the 1993 BTU tax).  Kyoto provided a politically important perception of progress that could not 
be achieved at home, and an international treaty might in the end help compel stronger U.S. action.  
Regardless, the Clinton Administration, other nations and environmental advocates placed too much faith 
in the ability of international politics to influence U.S. policy.  As Daniel Bodansky, a noted international 
law scholar and former career climate change negotiator in the Clinton and Bush administrations writes, 
“International negotiations can sometimes push the envelope . . . but they need a domestic foundation and 
cannot get too far out in front of the domestic center of gravity.  Kyoto violated both of these precepts 
and, as a result, was on life support domestically long before Bush pulled the plug.”†   

                                                 
† Dan Bodansky, Bonn Voyage: Kyoto’s Uncertain Future, The National Interest (Fall 2001) 
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Summary 
 

The Commission should consider developing its international recommendations in a step-wise 
approach, deciding first what domestic climate change policies to endorse and only then constructing an 
international proposal that flows from the envisioned domestic approach.  This staging is essential 
because, for a variety of political, legal and practical reasons, U.S. foreign policy flows from and mirrors 
the U.S. domestic scene.  U.S. environmental diplomacy, moreover, tends to succeed primarily when 
international cooperation builds on prior domestic action.  That the Kyoto Protocol sought to import 
international solutions into the United States before a domestic political consensus emerged on climate 
change goes a long way to explaining why it failed to secure widespread U.S. support.  Until the United 
States develops bipartisan domestic emission policies it will have little to offer internationally beyond its 
general investment in atmospheric science.  Developing support for domestic policies rather than new 
international proposals, therefore, should be the immediate policy focus. 

 
With a domestic approach in hand, however, the Commission should move rapidly to analyze a 

number of potentially compatible international options.  Developing a reasonable plan for international 
action that can be presented at the same time as a domestic plan is a critical political litmus test that any 
domestic plan must meet.  This is especially true in the context of rapidly growing emissions from 
developing nations. While dozens of international proposals exist, only a small number will prove 
workable with any given domestic approach.  These remaining proposals should be evaluated based on 
non-partisan criteria for success that take into account not only immediate negotiating realities but also 
long-term indicators of environmental and economic effectiveness.   

 
The history of climate change diplomacy demonstrates that arresting global warming will remain 

an exceptionally difficult challenge for the international community.  International negotiations have been 
marked by a constant set of geopolitical pressures.  The United States has focused on containing cost, 
including through free market approaches.  Europe has pressed for ambitious national emission targets.  
Major developing nations, such as China and India, have assiduously resisted pressure to act in ways that 
might slow their economic growth.  Any new international proposal from the United States will have take 
this history into account as the international dynamic is unlikely to change soon.   
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Executive Summary 
 
As the National Commission on Energy Policy examines domestic policies to address climate change, it may wish to 
examine how these policies would affect the United States’ international competitiveness and whether steps could be 
taken to protect vulnerable domestic industries, consistent with U.S. international obligations.  World Trade 
Organization (WTO) rules allow nations some flexibility to both pursue sound environmental policies and maintain a 
level playing field for domestic and foreign competition.  Yet, this flexibility is limited and, when it comes to climate 
change, its edges are poorly defined.   
 
If a nation were to tax domestic goods that contribute to climate change (such as fossil fuels and gas guzzling cars), 
the WTO would allow it to tax imported goods in the same way if the tax fell evenly on domestic and imported goods.  
The WTO also would probably uphold such as tax even if it were to fall disproportionately on imports so long as the 
true intent was to protect the environment rather than to shield domestic industry from competition.  In these 
examples, the taxes would apply to goods that produce greenhouse gas emissions when used.  Taxes on goods that 
do not release emissions would be harder to defend in the WTO.  Efforts to tax imports in general to equalize the 
costs of energy, for example, would be far less likely to withstand WTO scrutiny and could prove difficult to 
administer.  In contrast to taxes, ‘trade measures’ (such as import bans, tariffs or quotas) on products from countries 
with less ambitious climate change policies would prove even less likely to survive a challenge within the WTO.    
 
With the European Union and Japan both contemplating market-based climate policies, the United States would be 
just as likely to challenge as to defend climate change taxes and trade measures in the WTO.  Competitiveness-
oriented policies by other countries would ensnare U.S. exports, suggesting that the United States should think twice 
before erecting new trade impediments linked to climate change.   Regardless of which nation were to enact such a 
policy, it would surely be challenged in the WTO almost immediately.  Yet, if enacting carbon-related tax adjustments 
and trade measures were politically essential for a balanced U.S. energy policy they nevertheless might deserve this 
second look. 
 

--------- 
 
The purpose of this paper is to present some initial thoughts on the interplay between multilateral trade rules, on one 
hand, and possible tax and trade measures intended to protect the competitiveness of domestic industries following 
the adoption of new climate change policies, on the other hand.   This paper is divided into three parts.  The first 
section explains how trade and environment rules interact within the WTO system.  The second section applies these 
WTO rules to a variety of competitiveness and climate change policies.  The final section suggests lessons for the 
United States. 
 

                                                 
*  Nigel Purvis is a senior scholar at The Brookings Institution.  Previously, he was a top climate change negotiator 
in both the Clinton and George W. Bush Administrations, and served most recently as the Deputy Assistant 
Secretary of State for Oceans, International Environmental & Scientific Affairs. 
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1.  ‘Trade and Environment’ in the WTO 
 
The WTO governs the multilateral trading regime through a web of nearly twenty global trade agreements. (The basic 
facts on the WTO and its dispute resolution system are spelled out in Annex 1.)  The WTO has the difficult task of 
promoting free trade while still providing nations with the flexibility they need to address environmental challenges 
such as climate change. The United States and the nearly 150 other members of the WTO have agreed to abide by 
certain ‘trade disciplines,’ including provisions on ‘trade in goods’ in the General Agreement on Tariffs and Trade 
(GATT), which were incorporated into the WTO in 1995.  Summarized below are relevant provisions of the GATT. 
 
♦ Article I demands ‘most-favored-nation (MFN) treatment,’ meaning that a WTO member must treat ‘like’ products 

from all WTO member states alike.   
 
♦ Article III imposes the obligation of ‘national treatment’ which requires WTO members to treat imported goods no 

less favorably than “like” domestic products.  
 
♦ Article XIII prohibits trade bans and quantitative restrictions that discriminate based on national origin. 
 
♦ Article XX of the GATT allows ‘general exceptions’ to these aforementioned obligations, including the measures 

necessary to protect human, animal or plant life and health, and measures relating to the conservation of 
exhaustible natural resources.  These exceptions, the GATT makes clear, must not be applied in an arbitrary or 
unjustifiable manner, and may not be disguised restrictions on trade.  

  
Environmental regulations that have a pronounced effect on trade also are subject to the WTO Agreement on 
Technical Barriers to Trade (TBT).  The TBT requires, for example, that any regulatory measure must be the least-
trade-restrictive way to fulfill a legitimate objective, such as environmental protection.  Furthermore, regulations must 
be based on an international standard (assuming one exists) unless that standard would be ineffective or 
inappropriate. 
 
In sum, in order for environmental policies that effect trade in goods to violate WTO rules (i) the dispute must involve 
‘like’ products, (ii) the foreign good must receive less favorable treatment than a domestic good or one produced in a 
third WTO member state, and (iii) this treatment must be arbitrary, unjustifiable or a disguised trade restriction.  To 
the extent the policy in question involves regulation, as opposed to trade or tax policy, the regulation would be invalid 
if it failed to take the least-trade-restrictive approach and departed from an international standard that could be 
applied effectively and appropriately. 
 
2.  WTO Law Applied to Climate Policy 
 
The relationship between trade and climate change is ambiguous.  On one hand, free trade increases national 
wealth, economic efficiency and the diffusion of advanced technologies, all of which are needed to win the fight 
against global warming.  On the other hand, free trade promotes economic growth, which generally leads to higher 
greenhouse gas emissions.  Trade pressures, moreover, could impede the spread of sound environmental 
regulations by fostering a ‘race to the bottom’ among those industries and nations searching for a competitive edge. 
 
It is not surprising, therefore, that international trade and climate change standards fit together awkwardly.  Precisely 
how a WTO dispute resolution body, for example, would apply WTO ‘trade and environment’ rules to climate change 
and competitiveness policies remains unclear.  Not only are the above-mentioned WTO standards complicated and 
subjective, but also the less than a decade-old WTO dispute resolution system lacks sufficient case law to provide 
clear guideposts.   
 
This uncertainty, plus the fact that environmental standards have been hotly contested in the WTO and that 
competitiveness policies could have profound economic consequences, should lead one to expect that any climate 
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change-related trade restriction would be challenged in the WTO almost immediately by some country or another.  
Given that WTO challenges take years to pursue and in practice lead to damaging retaliation and countermeasures 
across a variety of unrelated sectors, figuring out the political and economic implications of a WTO climate change 
case would be a challenge.  From a legal perspective, however, here is what can be said about how WTO standards 
would be applied to climate policies. 
 
Border Tax Adjustments.   
 
Governments often wish to apply taxes symmetrically to maintain a level playing field.  Nations frequently tax 
imported goods at the border, imposing on them the same taxes that are applied to ‘like’ domestic goods.  Similarly, 
countries exempt exports from domestic taxes to avoid unfair and burdensome ‘double taxation,’ as exports are likely 
to be taxed by importing nations.  This system of border tax adjustments is thought to minimize unfair shifts in 
competitiveness attributable to national differences in tax policy.  While often legal under the WTO, border 
adjustments are not always so.   The WTO is more likely to uphold border adjustments when they equalize direct 
taxes on particular goods, their parts or physical ingredients.  Border taxes are less likely to pass WTO muster when 
they adjust for general costs of doing business.  To better understand the distinction, consider a few examples. 
 

Identical Taxes on ‘Like’ Goods.  Nations may impose direct taxes on imported goods in the same way they 
tax domestic goods.  Taxes on gasoline and other fossil fuels, for example, applied identically and uniformly to 
domestic and imported goods would not create a WTO problem.   

 
Variable Taxes on ‘Unlike’ Goods.  Some variable taxes on products that use energy, such as an energy 

efficiency tax, would likely pass WTO muster if applied in a non-discriminatory manner.  In the 1994 Automobile case, 
a GATT panel ruled that fuel-efficient cars and ‘gas guzzlers’ were not ‘like’ products, and allowed Japan to tax them 
at different rates provided domestic products were treated similarly.  As the Japanese fuel efficiency tax fell 
disproportionately on imports, the WTO expressed concerns that the taxes might act merely as disguised barriers to 
trade but the strong correlation between the taxes and the environmental objective (promoting energy efficiency) 
helped Japan win this case.  The WTO would probably uphold a tax on goods that produce carbon even if the tax hit 
imported goods harder than domestic products so long as the true intention were to protect the environment rather 
than to shield domestic industry from competition.   
 

Taxes on Inherent Physical Properties of Goods.  WTO law also would appear to support taxes on parts and 
ingredients of goods when there is a valid environmental reason.  In the 1987 GATT Superfund case the United 
States was allowed to tax imported goods that contained toxic chemicals when those chemicals were already taxed 
domestically in the United States.  The United States’ desire to discourage importation of these toxic chemicals was 
considered a WTO-consistent environmental purpose. 
 

Taxes on General Costs. Since 1970, the conventional wisdom within the trade community has been that 
nations may not use border adjustments to equalize the general costs of doing business, such as divergent corporate 
income or payroll taxes, or national wage differences.  The fact that nations thus far have avoided using border 
adjustments for this purpose is perhaps a testament to the uniformity of international opinion on this subject, although 
the proposition has not been fully tested before WTO dispute bodies. 
 

Taxes on Energy Used in Production.  The idea that border adjustments could be used to offset differences 
in energy taxes has been hotly debated for decades but remains unresolved under the GATT.  It is hard to say 
whether the WTO would extend the logic of the Superfund case to energy and other inputs of production when those 
inputs are not physically present in the final product.  Unlike the Superfund case where border adjustments helped 
discourage importation of goods containing toxic chemicals, taxes on energy consumed during the production of an 
imported good would not produce a domestic environmental, health or safety benefit.  Rather, the primary domestic 
reason for enacting such a tax would be competitiveness.  Accordingly, the tax would be less likely to be upheld by 
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the WTO.  While such a tax might create a global climate benefit by creating incentives for foreign nations to raise 
their energy taxes, externally oriented trade policies are hard to defend in the WTO (see Trade Measures below). 
 

Taxes on GHG Byproducts of Production.  Similarly, the WTO might look skeptically on border taxes based 
on the greenhouse gas generated during the production of the imported goods, particularly when the gases or 
byproducts by definition are released into the atmosphere and are not physically present in the goods.  Also a 
greenhouse gas-related border adjustment might be difficult to administer in a WTO consistent manner.  To be 
upheld by the WTO, countries applying a greenhouse gas tax might have to measure the actual emissions released 
during the production of each type of good, rather than utilize easy-to-apply national averages.  In 1998, when 
applying European trade standards that are similar to WTO principles, European courts ruled that border taxes on 
electricity imports that varied based on how the electricity was generated were invalid unless each foreign electricity 
supplier had an opportunity to demonstrate its means of production.  Furthermore, how would goods manufactured 
from parts made in multiple countries be treated?  What about goods made by firms that offset emissions though 
carbon sequestration or other climate-friendly investment projects?   A greenhouse gas emissions border tax, in sum, 
could be difficult to calculate, implement and enforce in a manner the WTO would condone 
 
Tax Exemptions 
 
Governments also may wish to protect domestic industries from the cost of climate change policy by granting tax 
exemptions to highly competitive, energy intensive domestic industries, such as aluminum.  This approach, however, 
would stand a good chance of being deemed a violation of the WTO Agreement on Subsidies and Countervailing 
Measures (SCM).  Unlike border adjustments, sector specific tax exemptions would not discourage consumption of 
energy intensive goods and, therefore, would not have an environmental benefit.  If the tax exemptions applied to 
exported goods as well, either directly or indirectly, they could be ruled an illegal export subsidy too.  Some European 
nations exempt certain industries from domestic energy and carbon taxes, and so far no nation has challenged this 
practice.  If the practice were to become more widespread, a WTO suit would be highly likely.   
 
Subsidies 
 
A government might choose to subsidize vulnerable industries to offset the costs of requiring them to reduce 
emissions.  The WTO rules on manufacturing subsidies are also contained in the SCM agreement.  Significant non-
agricultural subsidies raise serious WTO concerns when they are ‘specific,’ meaning they are channeled to particular 
industries or corporations.  For this reason, government subsidies to domestic coal producers to develop climate-
friendly coal technologies might be judged impermissible by the WTO despite the fact that public research and 
development in this area would not cause a problem.  Similarly, subsidies to domestic auto firms to develop hydrogen 
cars might also raise concerns.   In the future, the WTO may be called upon to clarify when government subsidized 
environmental technology programs rule afoul of the WTO disciplines, because a number of countries including the 
United States have launched public-private research in these areas. 
 
Trade Measures 
 
The term ‘trade measure’ refers to policies enacted to influence the behavior of another country.  A tariff on goods 
that is imposed because of a country’s climate change policy would be an example.  Border adjustments strictly 
speaking are not ‘trade measures’ because they merely apply a pre-existing domestic tax to imported products.  At 
the same time, border adjustments clearly change incentives for exporting nations and may prove just as coercive as 
trade measures.  Thus, while the distinction between a tax adjustment and a trade measure may be fuzzy , it 
continues to be a valid WTO principle.  
 
As outlined above, the WTO has several rules intended to dissuade nations from using trade as a tool of international 
politics.  The MFN obligation prohibits nations from treating imports differently based on national origin.  Quantitative 
restrictions (quotas) and trade bans, moreover, cannot discriminate among countries.  Yet, these obligations are 
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subject to the general exceptions contained in GATT Article XX relating to the environment and health, so trade 
measures are not per se violations of the WTO.  The meaning of Article XX, therefore, is key in any dispute involving 
environmental trade measures. 
 
WTO dispute bodies have suggested recently, including in the Shrimp-Turtle and Tuna-Dolphin cases involving the 
United States, that trade measures are most likely to withstand WTO scrutiny if they are enacted pursuant to a 
multilateral agreement, rather than by a nation acting alone.  Nothing in the two multilateral climate agreements 
negotiated to date – the UN Framework Convention on Climate Change and its Kyoto Protocol – authorizes parties to 
use trade measures.  In fact, the Kyoto agreement explicitly requires that parties strive to implement their climate 
policies so as to minimize international trade disruptions.  The WTO is unlikely to permit nations to use the Protocol 
to justify trade measures given that the Kyoto parties appear to have ruled this option out already.   
 
Yet, if the connection between the trade measure and the environmental goal is tight, then unilateral environmental 
impediments to trade can pass WTO muster.  In the most recent Shrimp-Turtle ruling, for example, the WTO 
appellate body upheld a U.S. ban on shrimp from nations that failed to pursue policies designed to protect 
endangered sea turtles from shrimp nets, even though the United States acted unilaterally in adopting the ban.  In 
that case, however, the WTO held that the shrimp import ban and the endangered turtles bore a ‘close and real’ 
‘means and end relationship.’  Banning shrimp caught in ways that harm turtles was an appropriate way to ensure 
that U.S. consumers did not contribute to the decline of a species that was designated as endangered by 
international environmental authorities, the WTO concluded.  As the production of almost all goods contributes to 
climate change, the narrow ‘means and end’ test might not work in the global warming context.  Where would a 
nation draw the line short of restricting all imports from countries with weak climate policies?  Given the high risk that 
the WTO would overturn unilateral climate change trade measures, nations are likely to rely on more easily defended 
border tax adjustments, particularly since well designed border taxes could prove just as effective in protecting 
domestic industries and changing foreign behavior. 

3.  Implications for the United States 

The preceding analysis can be summarized as follows.   

♦ Among the various ways nations might protect the competitiveness of domestic industries under new climate 
change policies, non-discriminatory border tax adjustments that treat all imports the same as ‘like’ domestic 
goods would have the greatest chance of surviving a WTO challenge.  

♦ Within the category of border adjustments, taxes that are narrowly focused on goods with inherent physical or 
technical properties that contribute to climate change, such as fossil fuels and energy inefficient equipment, 
would be most defensible.   

♦ Border adjustments that sought more broadly to raise the price of goods produced in countries with low energy 
costs and weak climate change policies would have a far slimmer chance of withstanding WTO examination.  
Such taxes would not be based on any physical or technical property inherent in the imported goods and would 
serve no environmental benefit other than coercing exporting nations to change their climate policies.  Coercive 
trade measures are generally frowned upon by the WTO unless they are authorized by multilateral agreement or 
are very closely and narrowly related to the environmental challenge addressed. 

♦ Any border adjustment or trade measure that relates to climate change or its competitiveness implications 
almost certainly would be challenged in the WTO, with highly uncertain consequences across a range of trade 
sectors for all parties involved. 

What then are the implications for the United States specifically?  For one thing, the United States is more likely to 
challenge taxes and trade distortions enacted on climate change grounds than it is to defend them based on current 
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policy trends.  European authorities and commentators, for example, have already begun to agitate for trade 
sanctions against U.S. products on global warming grounds.  Following the U.S. rejection of the Kyoto Protocol in 
2001, for example, the European Parliament called for actions “to prevent countries that do not ratify the Kyoto 
Protocol from obtaining unfair competitive advantages.”  Once Europe’s global warming policies enter into full effect, 
domestic pressure in the EU could build enough to make these policies a reality.  If European emission reduction 
efforts exceed those in the United States, even a non-discriminatory EU approach, such as a carefully crafted border 
tax, could harm American exports.  As the economic consequences of such a tax could be enormous and the legal 
justification uncertain at best, the United States would probably challenge the policies in the WTO.   

At the same time, should the United States decide to protect the competitiveness of domestic corporations from 
foreign competitors not subject to the cost of climate policies, major developing nations would likely challenge the 
United States in the WTO.  Venezuela, Saudi Arabia and other oil exporters have already warned that climate 
policies, in their view, including measures to implement the Kyoto Protocol, could run afoul of the WTO.  Petroleum 
economies would gain a great deal by delaying action on climate change through a WTO challenge.  China too would 
likely challenge any U.S. effort to raise the price of Chinese exports on climate change grounds.  Even if the United 
States adopted an ambitious climate change policy, China could still argue that its climate change record is better 
than that of the United States and that any taxes on its goods were inappropriate.   China’s historical contribution to 
climate change has been modest compared to that of the United States and China’s per capita emissions are still 
about one tenth of the U.S. level.  In addition, China has reduced its emissions in recent years while those of the 
United States have continued to grow.  An American climate change tax on developing country exports to the United 
States, moreover, would undercut any U.S. hope of beating back European taxes or trade measures aimed at U.S. 
exports, assuming European policies are stricter than those in the United States.  Under WTO rules Europe’s taxes 
on U.S. products might be more defensible than American taxes on developing country products given that the 
United States alone is responsible for 25% of global emissions and more than 40% of all industrial emissions to date.   

A global practice of collecting climate change border tax adjustments or carbon-based trade measures, therefore, 
would represent a double-edged sword for the United States.  While these policies might help guard the 
competitiveness of certain industries in the domestic U.S. market, U.S. exports would probably suffer considerably.   
At present, many other nations have higher energy prices and arguably are pursing more ambitious climate change 
policies, and these facts could be used to justify imposing new taxes or trade measures against U.S. exports while 
also challenging any U.S. climate change taxes or trade measures in the WTO.   This asymmetry problem would be 
most pronounced with respect to the United States major trading partners, including Europe, Japan, Canada and 
China.  Considerations of this type would need to be weighed against any benefits to the U.S. economy or particular 
sectors.  Yet, as a narrowly tailored climate change border tax policy might succeed in the WTO, it is an option that 
U.S. policy makers may wish to consider as they weigh the political, economic and environmental elements of a 
balanced energy policy. 



Conditioning Stronger U.S. Climate Change  
Regulation on International Action 

 
Nigel Purvis* 

 
 The purpose of the paper is to help the National Commission on Energy Policy 
flesh out international issues relating to its proposed approach to climate change.  The 
paper assumes that under the Commission's provisional climate policy the United States 
would show leadership by adopting modest, mandatory domestic greenhouse gas controls, 
but that the United States would not go further until other nations, including key 
developing countries, demonstrate that they too are doing their share to address the global 
climate problem.  This approach, which proposes strong but not unconditional U.S. 
leadership, has a great deal going for it.  It also raises a number of challenging questions 
about how the United States would determine when and how the conditions for even 
stronger U.S. action have been met.  Thoughts on how such a system should be 
constructed are presented below.  Issues relating to future forms of international climate 
change cooperation and U.S. climate diplomacy are addressed in a companion paper 
entitled “Toward a Pragmatic, Bipartisan Climate Change Foreign Policy.” 
 

Executive Summary 
 
What countries?  After the United States adopts mandatory domestic climate change 
regulation it could condition a second, more stringent U.S. emissions cap on equitable 
action by thirty five key nations: the members of the Organization for Economic 
Cooperation and Development (OECD) plus, China, India, Brazil, Russia and Ukraine.  .  
This grouping includes the world's top 15 emitters, approximately 80% of current global 
emissions, 72% of U.S. foreign trade, and 13 out of 15 of our top trading partners (not 
Singapore or Taiwan).  Though action by these nations alone would not solve the climate 
problem immediately, it would create significant momentum toward a truly global 
solution and lead to forms of international cooperation that other nations would join.  
Issues relating to the conditions necessary for the United States to take a third step would 
be resolved down the road. 

 
What progress? The adequacy of international action should be measured by holding 

each one of these key nations to equitable qualitative standards.  Developed countries 
should be required to take action that is “comparable to that of the United States.”  Key 
developing nations should be required to “take significant, contemporaneous and 
equitable action.”  In applying these principles, however, the United States should be 
guided but not bound by quantitative indicators.  The types of policies or measures that 
could serve as guidelines are listed below.  Some of these indicators might serve as 'safe 
harbors' that carry the presumption of sufficient action. 

 

 

                                                 
*   Senior climate change negotiator under the Clinton and Bush Administrations, serving most recently as 
Deputy Assistant Secretary of State for Oceans, International Environmental and Scientific Affairs.  
Currently a senior scholar and director of the environment project at The Brookings Institution. 
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Developed nations 
 

• Policies that create an effective price on emissions that is at least as great as 
75% of the comparable carbon price in the United States (prior to adjusting 
for income from the international sale of emission credits). 

• Declining absolute levels of national emissions, or  
• At least 75% of the United States’ improvement in carbon intensity 

 
Developing Nations 
 

• Mandatory domestic reporting and monitoring of emissions in furtherance of a 
comprehensive national emissions abatement plan 

• An emissions trading or investment system covering at least 33% of their total 
emissions that affords U.S. entities access to their emissions market.  (Initially, 
such a system may rely on voluntary action and participation.) 

• Policies that create an effective price on industrial emissions that is at least as 
great as 25% of the comparable carbon price in the United States (prior to 
adjusting for income from the international sale of emission credits).  

• National emissions growth is at least 20% less than projected 
• Declining economy-wide carbon intensity, or 
• Change in economy-wide carbon intensity that is better than the weighted 

average for all developing nations 
 

How widespread progress?  Progress should be measured in the aggregate.  Countries 
representing at least 75% of emissions from key nations should be required to act, 
including all five of the United States’ largest trading partners (currently, Canada, 
Mexico, Europe, China and Japan).  This two-tier standard would help provide necessary 
assurances that U.S. action would be environmentally effective and not harmful to the 
U.S. economy.  The test would ensure no further change in U.S. regulation until states 
accounting for over 50% of global emissions acted; arguably an acceptable start toward 
the long-term goal of truly global action. 
 
How determined?  The Congress and the President should enact agreed upon general 
standards and quantitative guidelines for measuring foreign action as part of the initial 
U.S. mandatory climate change statute.  The statute should also specify what the new, 
more ambitious U.S. emissions cap would be if other nations also did more.  The 
Congress should instruct the President to report to the Congress no less than annually 
whether the conditions contained in the statute were satisfied.  When the President so 
certifies, the new cap would come into force automatically at the level previously 
envisioned by the Congress, absent a joint resolution of disapproval by the Congress 
(subject to Presidential veto and Congressional override). 
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Discussion 
 
Which Nations Matter? 
 
Global warming will continue until atmospheric greenhouse gas concentrations stabilize 
and this will only occur when global annual net emissions reach zero.  Achieving zero net 
emissions will require the cooperation of every major economic actor on the planet.  
Even if new technologies emerge allowing some nations to sequester more emissions 
than they release, keeping global emissions at zero will probably prove impossible if any 
major nation remains outside the global effort. 
 
Yet, while the broadest possible global cooperation will be required in the long run, 
cooperation among a smaller number of states in the short run may be sufficient to 
address U.S. interests over the coming decade.  Those interests are to ensure that 
international climate action is economically affordable, environmentally effective, and 
fair to the United States and other allies.  An interim climate arrangement among only a 
few dozen 'big players' would go a very long way toward meeting U.S. interests, for 
example.  To understand why consider carbon dioxide emissions in the year 2000. 
 

 Big Emitters.  The top 10 emitting countries account for approximately 62% of global 
emissions and the top 20 nations were responsible for 75%, while the bottom 100 
countries accounted for less than 3% of emissions. 

 
 Big Economies.  The largest 20 economies represent around 78% of emissions.  The 

correlation between gross national product (GNP) and emissions is 94%. 
 

 Big Energy Users.  The biggest 20 energy users emit just under 80% of greenhouse 
gases.  The correlation between energy consumption and emissions is 98%. 

 
 Biggest Trading Partners.  The United States and its 15 largest trading partners 

account for roughly 60% of global emissions. 
 

 Historic Responsibility. The 20 nations that have contributed the most to human 
induced climate change in the past one hundred years account for 80% of cumulative 
global emissions to date.  The correlation between cumulative and current emissions 
is 92%. 
 

Under just about any reasonable metric of 'which nations matter' only a handful of 
countries really count and, by and large, they are the same countries regardless of which 
test of relevant one chooses.  So, which countries are they?  In political terms, they fall 
into three groups. 
 

1. The first category is comprised of advanced industrialized nations.  Foremost in 
this group are Japan, Canada, and the powerful states of the European Union 
(Germany, the United Kingdom, France and Italy).  These nations together 
with the United States form the G-7 or ‘group of seven’ club of leading 
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economies, and they account for 35% of global emissions.  These states also are 
members of the Organization for Economic Cooperation and Development 
(OECD).  Even though this thirty nation group includes almost two dozen 
relatively small emitters – such as Sweden, the 65th largest emitter with just 0.2% 
of global emissions – the OECD is the more useful grouping for the United States 
for several reasons.  First, OECD nations account for an additional 13% of 
emissions over the G-7.  Second, the OECD is a good proxy for ‘the coalition of 
the willing’ on climate change.  With two exceptions (discussed shortly) OECD 
nations have already committed to reducing their emissions under international 
climate change agreements and these nations would likely follow a U.S. led effort.  
Third, the OECD has a deeper history of working out complex economic 
arrangements than the G-7.  Fourth, the OECD includes two countries of 
particular economic and competitiveness concern to the United States (South 
Korea and Mexico) that do not currently have quantitative emissions obligations 
under any international climate agreement.  Working in the OECD would be the 
best way to make sure these key nations are fully engaged. 

 
2. The second country grouping is composed of a remarkably small number of 

developing country super powers.  These are the very large, rapidly developing 
nations.  Three countries alone account for a quarter of global emissions – China 
(15%), India (5.5%) and Brazil (2.5%).  The counties in the next tier, Indonesia, 
Iran and South Africa, are each well under 2% of global emissions, although 
Indonesia becomes far more important if one factors in its rapid deforestation in 
recent decades.   

 
3. The third and least important category is made up of the big states of the former 

Soviet Union, mainly Russia and Ukraine, which account for 5.5% and 2% of 
global emissions respectively.  Russia and Ukraine are not members of the OECD 
and have little interest in addressing climate change unless doing so would 
promote economic growth.  In addition, Russia is a major global producer of oil 
and natural gas.  As such, Russia has concerns about how a transition to a low 
carbon emissions world economy would affect its economy.  Russia also depends 
on artificially low domestic gas prices to keep inefficient state industries afloat 
and to help keep residential heating affordable.  Nevertheless, emissions in both 
Russia and Ukraine are down substantially since 1990 as a result of the economic 
collapse that followed the dissolution of the Soviet Union. 

 
A patchwork of climate agreements or understandings that engaged these nations would 
have only 35 nations but would include the world's top 15 emitters, approximately 80% 
of current global emissions, 72% of U.S. foreign trade, and 13 out of 15 of the United 
States’ top trading partners (not Singapore or Taiwan). 
 
The United States (with over 20% of global emissions) should not invoke neglect by a 
few key nation, such as Brazil and Ukraine (together less than 5%), to justify stalling U.S. 
leadership, particularly given the United States' role in the world, capacity to act and 
historic responsibility for climate change.  Yet, unless a critical mass of these big 
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economies act U.S. climate regulation could prove environmentally ineffective and 
economically burdensome.  This suggests that international progress by these key nations 
should be measured overall.  For example, the United States should insist on at least a 
minimum acceptable level of action from nations representing 75 % of emissions from 
this group (approximately 50% of global emissions).  Understanding which nations were 
instrumental to this arithmetic would become important to U.S. climate change 
diplomacy but U.S. policy and laws would not explicitly name countries.  Under a 
percentage test alone, however, legitimate competitiveness concerns could remain 
unaddressed if our trading partners do not do their share.  To address this concern U.S. 
policy could include a second trade-related test as well.  The United States, for example, 
could require that all five of its leading trading partners (currently, Canada, Mexico, 
Japan, Europe and China) take equitable climate change action.  When this level of global 
participation is achieved it would be difficult for the United States to argue that it should 
not show further leadership. 
 
How will the United States Decide? 
 
Determining that stronger U.S. climate action should await real progress from other key 
nations raises the question of how the United States would decide that the threshold for 
new domestic action has been crossed.  The issue has two components.  First, who (which 
institution(s) of government) would decide the matter?  Second, would that decision be 
based on any predetermined quantitative or qualitative standards, or would it be purely 
political?  Each issue is discussed below.  
 

Who decides? 
 
U.S. environmental policy decisions are made by the Congress and the Executive Branch 
acting together.  The boundaries of legislative versus presidential power, however, vary 
considerably from one environmental context to the next.  The Commission may wish to 
recommend how responsibility for adjusting the stringent of any U.S. emissions target 
would be allocated between the political branches of government.  A number of relevant 
precedents exist. 
 

 Executive Branch Discretion.  The Congress could decide to authorize by statute the 
President or a Federal agency to lower the national emission ceiling.  Under the Clean 
Air Act, EPA has the authority to add new pollutants to Federal mandatory ambient 
air quality standards and to determine what level of those pollutants is safe to breath.  
EPA frequently adjusts the regulatory definition of ‘safe’ to reflect the latest science.  
As a matter of longstanding practice, however, EPA has refrained from exercising its 
authority to add new pollutants to ambient air standards, leaving those decisions to 
the Congress.  So even if the Congress gave the Executive Branch the authority to 
revise the climate change emissions cap, the President might not use it. 

 
 New Law.  The Congress, in contrast, could decide to retain for itself via the 

legislative process the authority to alter U.S. emission limits.  Under the acid rain 
emissions trading program, for instance, the Congress retains the authority to both set 
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the overall level of acid rain permits and to determine the national allocation scheme.  
This level of Congressional involvement in environmental rule making is common.  
In the 1970’s, the Congress set the standards for automobile tailpipe emissions. 
During much of the 1990’s, the Congress prohibited the Executive Branch from 
raising corporate average fuel efficiency (CAFE) standards in the automobile sector.     

 
 Legislative Disapproval.  While the Supreme Court has ruled that the Constitution 

does not permit the Congress to veto administrative action, the Congress can create 
expedited procedures for considering amendments to U.S. law to override (or in 
popular usage ‘veto’) recently issued agency regulations.  The Congressional Review 
Act of 1996 (CRA), for instance, established ‘fast track’ procedures for 
Congressional reconsideration of a wide range of new regulations, not just those 
relating to the environment.  Like any change in law, the joint resolutions of Congress 
required by the CRA are subject to Presidential veto.  In 2001, the Congress used 
these procedures to repeal workplace safety regulations approved by the Clinton 
Administration in its final days in office.  A few months ago the Congress blocked 
new media ownership rules issued by the Federal Communications Commission. 

 
Given these choices, how should the Congress and President share power on climate 
change?  The highly politicized nature of the climate debate suggests that the Congress is 
unlikely to give the President or any Federal agency a blank check when it comes to 
determining the stringency of a national emissions cap.  At a minimum, the Congress 
would require the Executive Branch to follow a number of statutory standards (discussed 
in detail below) and it might retain for itself the full authority to set the emission levels, 
as it has with the acid rain program.  In addition, to the extent that U.S. climate regulation 
creates a national emissions trading program, then the Congress would rightly demand a 
central role both in allocating permits among those in the regulated community and in 
spending any Federal funds collected in the process.   
 
Even if the Congress took a somewhat restrictive approach, however, the Executive 
Branch could play a substantial role.  The Congress might instruct the President or a 
Federal agency to report annually on the extent of foreign climate action.  It might call 
for certain actions, such as proposed changes to the climate statute, once the President or 
an agency head certifies that foreign activity has reached the Congressionally defined 
threshold.  The Congress, moreover, could give the President the authority to adjust the 
national emissions cap to a level previously approved by the Congress when the President 
certifies that foreign nations have met that threshold.  This authority to revise the 
emissions ceiling could be made subject to an expedited legislative disapproval process.   
 
 What standards? 
 
Regardless of how the Commission recommends assigning responsibility for revising the 
U.S. emissions cap, it should also consider the process the Congress and the President 
would follow for determining whether other nations have done enough.  The process 
could be purely political, based on general qualitative principles, guided by quantitative 
standards or be a hybrid of all three approaches.   
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 All Politics, No standard.  The Commission could decide to leave the question of 

whether other nations have done enough to the Congress and the President to decide 
far in the future.  This approach would avoid having to decide in advance what level 
of international action would be fair.  Fairness in the climate context is exceptionally 
difficult to get right, as discussed in detail below.  As circumstances change, in 
addition, any standard arrived at today could become outdated.  Another reason for 
the Commission to remain silent about what would trigger stronger U.S. action is that 
any standard agreed upon today could be revised at any time in the future by the 
Congress and President anyway.  Perhaps when it comes to the adequacy of 
international climate action, as Justice Potter Stewart said in another context, the 
United States will 'know it when it sees it.'   

 
 General Principles.  The Commission could recommend that the United States adopt 

general qualitative principles for measuring the sufficiency of foreign climate 
measures.  U.S. laws could change when the President certifies to the Congress that 
other nations are taking ‘comparable’ or perhaps ‘equitable’ action to that of the 
United States.  This approach is analogous to one contained in Section 115 of the 
Clean Air Act, which authorizes EPA to address foreign complaints about acid rain 
from U.S. sources if the laws of the complaining nation are comparable to those of 
the United States.  If done right, general principles could provide guidance at home 
and abroad without being controversial, unfair, overly complex or inflexible.  
Reliance on general principles is common in the foreign policy realm.  When the 
Congress advices the President on matters as different as arms control and trade 
negotiations it tends to articulate broad, commonsense objectives rather than specific 
requirements.  Legislative principles guide U.S. diplomacy but still allow the 
Executive Branch the flexibility it needs to ensure that U.S. policies adapt to 
changing international circumstances.  General principles, however, risk being so 
abstract so as to be unhelpful.  In 1998, for example, the Clinton Administration said 
it would not submit the Kyoto Protocol to the Senate for its advice and consent until 
the Administration had secured 'meaningful participation' by key developing nations.  
Few people found this principle clear.  If the principles used are too broad, they just 
leave decisions to the political process without imposing any real constraints. 

 
 Clear Quantitative Requirements.  The Commission could propose explicit 

quantitative standards for judging the sufficiency of foreign action.  U.S. regulation 
could change automatically when the President certifies that key industrialized 
nations, for example, have improved the carbon intensity of their economies at no less 
than 75% of the rate of U.S. improvements over a particular period.  If fair 
quantitative standards could be crafted the approach would have several virtues.  
Clear standards would provide greater regulatory certainty to industry.  The standards 
would send an important signal internationally that might spur greater action.  In turn, 
these expectations could help build domestic support for climate regulation now.  The 
drawbacks of this approach are also significant.  To be fair to different nations, 
quantitative tests would need to be quite complex.  Any rule that works for Germany 
or Japan would probably be unsuitable for Brazil, China and India for the reasons 
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stated below.  Complex standards would be difficult to explain publicly and might 
seem somewhat arbitrary.  In addition, quantitative standards might prove excessively 
rigid.  International economic and political events are difficult to control and remain 
unpredictable even in the best of circumstances, so flexibility is essential.   

 
 Hybrid.  Perhaps the most compelling approach would be a hybrid that combined the 

best elements of all three options.  The Commission could recommend that the 
Congress and President approve both qualitative and quantitative standards for 
progress.  The quantitative indicators would serve as guidelines not litmus tests.  
Changes in U.S. law would be based on whether the President and the Congress find 
that international action had met general standards.  Developed nations would need to 
take comparable action to the United States while developing nations could be held 
to a somewhat lower standard (more on this below).  Quantitative data and standards 
would be indicative but not definitive when interpreting these general principles.  
This approach might provide sufficient context to help drive action at home and 
abroad while maintaining needed flexibility.   

 
On the assumption that the Commission may wish to recommend that the Congress 
consider adopting some qualitative or quantitative standards regarding the adequacy of 
foreign climate action, the remainder of this paper explores what appropriate standards 
might look like. 
 
How should we think about 'Equity'? 
 
To be effective, justifiable and legitimate both at home and abroad, U.S. demands on 
other nations regarding climate policy must be fair for both the United States and other 
countries.  'Equity' (as the issue of fairness is known in climate circles) is central to U.S. 
credibility and to ensuring that U.S. leadership spurs action by other nations.  Convincing 
Americans that they are not being asked to bear more of the burden than is reasonable is 
key to building political support at home.  Equity, however, is exceptionally difficult to 
define.  Three different types of indicators influence most perceptions of equity: emission 
levels, socio-economic standing and natural conditions.   
 

 Emissions.  A nation's responsibility to act rests in large part on its contribution to the 
problem of climate change.  While current emissions are important, cumulative 
emissions may provide a sense of historic responsibility while projected emissions 
indicate future culpability.  Emissions can be examined in the aggregate or adjusted 
for population in per capita terms. 

 
 Socio-Economic.  Also relevant are a nation's socio-economic conditions.  Health, 

education, population and income, for example, influence a nation's capacity to abate 
its emissions or adapt to climate change.  The carbon intensity of an economy 
(emissions per/GNP) and to a lesser extent the size of the economy also affect its 
responsibility.   
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 Natural Factors.  Natural diversity among nations also counts.  Some nations have 
tremendous heating and cooling needs, while others do not.  Some countries are large 
and require an extensive transportation infrastructure, others do not.  National energy 
resources also differ -- some nations such as Saudi Arabia have secure and affordable 
fossil fuel reserves while other nations such as Iceland and Norway can rely on 
extensive renewable resources.  Some nations are particularly vulnerable to the 
adverse impacts of climate change, including low small island states, and as potential 
victims of climate change, these countries may have a lower responsibility to 
reducing their own emissions. 

 
How do these factors play out in practice?  Consider the case of India and the United 
States.  India's per capita emissions are roughly one tenth those of the United States.  Its 
ability to afford climate action is comparatively small given that India's income is 
approximately one twelfth of ours.  Its historic responsibility for emissions over the last 
century is also one tenth of ours.  India's capacity to respond to climate change's adverse 
impacts is modest given the state of its medical, environmental, educational and 
economic infrastructure.  Several hundred million Indian citizens lack electricity, medical 
care, clean water and modern transport and meeting their basic needs must remain India's 
priority.  India, in short, should not be held to the same standard as the United States.  Yet, 
India is an emerging regional superpower of one billion people.  It alone accounts for 
more than 5.5 percent of global emissions.  Increasingly, its companies and workers 
compete head-to-head with those in the United States and not just in low wage or low 
value-added manufacturing but also in important high value-added industries such as the 
high tech and service sectors.  India has a large and growing military budget that under 
different national policies might otherwise be directed toward peaceful uses, such as on 
the environment.  India clearly has the capacity to act against global warming in some 
substantial ways.  No nation that is critical to the fight against climate change should get 
a 'free ride' but genuine differences in responsibility and capacity need to be 
acknowledged.   
 
This is why international climate change accords to date, including the 1992 Framework 
Convention on Climate Change (negotiated and supported by the George H.W. Bush 
Administration, and ratified during the Clinton Administration), establishes the principle 
of 'common but differentiated' action by nations based on their 'respective responsibilities 
and capabilities'.†  It also establishes the proposition, reinforced subsequently by the 
international community at several junctures, that developed nations should 'take the lead' 
in both combating climate change and responding to its adverse impacts (which will fall 
most hard on developing nations).‡  Regardless of whether one supports the Convention 
or its Kyoto Protocol, these principles accurately reflect global sentiment and geopolitics 
about equity.   
 
These principles, however, are as vague and potentially conflicting as they are 
commonsensical.  Would a sophisticated analysis of equity emphasize the 'common' or 
'differentiated' side of the equation?  One window into this issue can be obtained by 
                                                 
† Articles 3 and 4 
‡ Article 3, the 1995 Berlin Mandate and the 1997 Kyoto Protocol 
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calculating a 'Fairness Index' that is a weighted average of a nation's emissions, socio-
economic and natural indicators.  Three different versions of such an index applied to a 
few illustrative countries are presented in Annex 1 to this paper.  Version 1 gives equal 
weight to a country's contributions to climate change and its capability to respond, 
without adjusting for population.  Version 2 applies the same balance but using per capita 
data.  Version 3 gives greater emphasis to a nation's emissions and downplays its capacity 
to respond, all without adjusting for population.   
 
Importantly, under all three scenarios and just about any other reasonable combination of 
the equity factors the same conclusions follow.  First, the index almost always suggests 
that the United States, Europe and Japan should and can do the most to address climate 
change.  Second, India and the 50 poorest nations can and should do the least.  Third, the 
responsibility and capability of China, Brazil and Russia vary a good deal depending on 
how the indicators are weighted.  If one looks at per capita data, then China should and 
can do the least.  In fact, it has already done so much to reduce its per capita emissions 
per unit of economic output that its responsibility to act further now is near zero.  The 
point of the illustrative Fairness Index is not to try to quantify with false scientific 
precision how much more the United States and other advanced industrialized nations 
should do than the big emitting developing nations, but rather to give a sense of 
magnitude.  Equity requires that the United States, Europe and Japan do much more than 
China, India and Brazil.  The latter's obligations not only should be less stringent but they 
should probably be different in kind until circumstances change considerably. 
 
How should the United States measure progress abroad? 
 
Regardless of what standards we hold other nations to, how should the United States 
measure progress abroad – meaning what type of action should we insist upon?  Four 
different dimensions of progress are outlined below: international treaty ratification, 
domestic policies, economic cost and environmental performance.  For the reasons 
described, no one indicator suffices.  The best test of progress would combine elements 
from the last three of these metrics, while setting aside the first.    
 

 Treaties.  Whether a nation ratifies a climate change treaty or complies with its 
provisions is a poor measure of the strength of that nation's climate policy.  Few 
treaties (and almost no environmental agreements) have strong enforcement 
mechanisms.  Treaty ratification, therefore, is at best an indicator of present intention 
regarding future action rather than a guarantee of real action.  In addition, while most 
nations honor their agreements most of the time, very few global environmental 
agreements contain meaningful substantive obligations.  Treaty compliance usually 
does not require real action.  The 1992 UN Framework Convention on Climate 
Change (UNFCCC) contained no legally binding quantitative obligations and no 
meaningful enforcement mechanism -- only highly subjective qualitative obligations 
and a largely ignored non-binding pledge by developed nations to reduce emissions.  
The 1997 Kyoto Protocol was quite different, which explains in part the controversy 
surrounding it.  Many of the nations that have targets under Kyoto may not meet 
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those targets and some that do, such as Russia (if it ratifies the agreement), may be 
required to take no meaningful climate change action. 

 
 Domestic Policies.  One way to judge whether a country has acted on climate change 

is to look at whether it has adopted significant domestic climate policies.  The United 
States might be tempted to test whether other nations had adopted the same policies 
we are pursuing at home.  While superficially attractive, relying exclusively on a 
comparison to U.S. policies would be problematic.  Many nations will choose to deal 
with climate change in other ways as they have little experience with U.S. style 
regulation but greater public acceptance of energy taxes.  Defining a common set of 
internationally approved policies would solve this problem, of course, but that would 
be an enormous political challenge.  The EU has tried this approach and many other 
countries, including the United States and China, have resisted going this route.  As 
nations remain free to decide on their own mix of policies, comparing policies 
without breaking them down to their economic or environmental impact is nearly 
impossible.  A policy-centric approach, moreover, would not control for policy 
substitution.  Consider a nation that enacted a big new tax on gasoline as part of its 
climate policy but then provided enormous tax incentives for carbon intensive 
production under its agriculture or manufacturing policies.  Would the United States 
look at the climate effects of all policies or just officially designated ‘climate’ policies?  
The former is too difficult and the latter potentially inaccurate.  Finally, how would 
the United States take into account pre-existing policies?  Some nations, such as 
Japan, are far more energy efficient than the United States.  Would Japan receive 
credit for its pre-existing policies, even if they were enacted for non-climate reasons?  
If not, how would we ensure international fairness?  All these questions lead to the 
same conclusion: measuring the progress of foreign nations by comparing domestic 
policies would not be workable without reducing those policies to their aggregate 
economic or environmental effect (approaches discussed below).   

 
That said, the United States could decide that certain policies would be so helpful to 
international climate protection efforts so as to be per se sufficient.  One of the most 
effective actions governments could take, for example, would be to adopt the market-
oriented regulatory architecture needed to monitor and control emissions over the 
long run.  At this early stage, governments that enact mandatory reporting laws, 
emissions trading systems and/or sector specific performance standards with the 
stated intention of reducing emissions progressively over time may deserve 
recognition, regardless of whether these policies require ambitious short-term 
emission reductions or are particularly costly.  For this reason, the United States 
could designate 'safe harbor’ policies, such as a legally binding economy-wide cap 
and trade system.  Nations that enact policies within a 'safe harbor' would be deemed 
to have done their part, even though other countries would be free to demonstrate 
progress in alternative ways.   

 
 Economic Cost.  A better way to look at whether nations have equitable climate 

change policies involves analyzing relative economic cost.  Reducing a nation's 
policies to their total financial impact would facilitate more objective comparisons.  
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The economic effect in the United States of a 'cap and trade' system, for example, 
might end up being similar to the cost of climate change taxes adopted elsewhere.  
Yet, even this approach is not without its shortcomings.  The policy substitution 
problem mentioned earlier would remain.  The United States would have to decide 
whether to look only at policies that are explicitly based on climate change or at the 
cost of all energy policies.  The latter may be unworkable and would require difficult 
decisions about how much credit to provide for pre-existing policies (such as high 
fuel taxes), while the former would allow nations to substitute new carbon taxes for 
existing fuel taxes, without necessarily abating emissions.  In addition, a cost-based 
comparison might be particularly unfavorable for the United States.  The marginal 
cost of abatement in the United States is quite low relative to other developed nations 
because these nations are already significantly more energy efficient.  Accordingly, 
the United States might have to make much steeper cuts in its emissions than Japan or 
Europe to end up with the same economic burden.   

 
Yet, the safe harbor approach suggested above for certain types of policies could also 
apply here.  Arguably, nations that pursue climate change policies that end up being 
expensive should get credit for there efforts regardless of their environmental 
effectiveness.  For example, any industrialized nation that adopted new policies that 
raise the price of carbon emissions by at least $20 a ton could be deemed to have 
done its part.  An equitable place to set the threshold for a cost-based safe harbor 
would be at or near the price of carbon in the United States.  The United States should 
not expect other nations to accept economic burdens it refuses to incur. 
 

 Environmental Performance.  The most direct way to measure progress is to look at 
the environmental effect of climate policies.  Judging progress this way has strong 
intuitive appeal and would be easily understood by the public.  Several possible 
approaches exist. 
 
o Energy Use/Energy Intensity.  The energy consumption and energy intensity of an 

economy are poor measures of a country's commitment to addressing climate 
change.  Comparisons of overall energy use and intensity figures, even on per 
capita terms, are seldom meaningful.  Countries have dramatically different 
energy needs depending on a host of natural and socioeconomic factors.  Poor 
nations, moreover, will see their energy use and intensity rise as they begin to 
meet the basic energy needs of their people for electricity and motorized transport.  
Even single country comparisons over time may present a false picture.  For 
example, even a nation that is meeting its rising energy demand exclusively 
through renewable energy would have rising energy use and energy intensity. 
 
Emissions Abatement.  As progress on climate change will depend on reducing 
emissions, national emission levels seem the most straightforward way to measure 
progress.  Comparisons across countries generally do not work for the reasons 
stated above having to do with differences in national circumstances.  Yet, 
countries can be compared against their own performance over time.  Variations 
in national emission levels may provide some insight into the depth of a nation’s 
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climate change commitment.  Countries could be judged based on whether they 
bettered their past performance (plus or minus some margin) or on whether they 
outperformed expectations.  The first approach, which looks back in time, has the 
virtue of being easier to quantify but could prove a poor benchmark.  A nation 
with a baby boom might end up with an overly stringent emissions target when 
that generation starts consuming more energy.  Similarly, an economy emerging 
from a period of unprecedented economic growth might end up with too lenient a 
target when future growth rates return toward normal.  For this reason most 
experts believe nations should be measured against future projections.  
Projections, of course, require assumptions about economic growth, energy prices 
and other relevant variables and experience shows that these predictions are 
frequently inaccurate.  If economic growth ends far off projected levels, then 
emissions targets might be too easy or too hard to achieve.  In fact, many 
economists believe that variations attributable to changes in these mostly 
uncontrollable factors could easily outweigh any modest emission reductions 
achieved through climate policies.  This means that climate policies would play 
only a minor role in deciding which nations received passing grades.  Annex 2 to 
this paper graphs emission, growth and population data for several key countries.  
The figures show that growth in emissions, GNP and population are strongly 
correlated.   

 
o Dynamic Targets.  One way to control somewhat for unexpected emission 

changes would be to use a dynamic target that shrank or grew to reflect changes 
in external factors, such as economic growth.  The carbon intensity of an 
economy (emissions per unit of economic output) is an example of such an 
approach.  Carbon intensity in effect indexes emissions to economic growth, 
thereby adjusting for periods of economic boom and bust.  The Bush 
Administration's current climate change policy takes this approach.  Using carbon 
intensity to measure actions in developing nations, however, would be more 
difficult than doing so in the United States.  Large segments of developing nation 
economies are in the unreported gray or black market so obtaining reliable data is 
a challenge.  As nations develop more of their economies move into the reported 
sector, thereby skewing carbon intensity.  In addition, quantifying economic 
growth is hard to do in countries that are undergoing structural change.  This is 
one reason why reports of economic growth in China vary a good deal.  
Furthermore, population growth may distort carbon intensity figures.  
Productivity increases result in faster declines in carbon intensity than when GNP 
growth is fueled by population pressure.  Energy policies and energy reserves, 
moreover, affect a nation's starting point.  Relative to India, Brazil has lower 
carbon intensity given the latter’s extensive development of the Amazon basin's 
finite hydro power resources.  As Brazil’s economy grows, therefore, it may be 
more likely to increase its carbon intensity than India.  Penalizing Brazil for 
having met its initial energy demand through renewable energy hardly seems fair.  
Even dynamic metrics like carbon intensity, in short, are difficult to apply 
correctly without making country-specific adjustments.  Annex 3 to this paper 
charts changes in carbon intensity for key countries over the past two decades.  
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The data illustrate that improvements in carbon intensity do not map well with 
income.  As a group, wealthy nations have done the best, followed by the poorest 
nations and then developing nations that have experienced fast economic growth.  
Yet, China -- perhaps the global leader in economic growth -- has out performed 
the United States, Japan and Europe. 
 

So, what emphasis should the United States attach to objective environmental 
performance indicators given that no single measure seems adequate?  Perhaps the 
best approach would be to view emissions data as another possible safe harbor.  A 
nation that reduced its overall or per capita emissions below levels from a prior period, 
for example, could be deemed to have done its part, regardless of why emissions 
actually declined.  Given that emissions are still rising in most of the world and will 
continue to do so absent climate policies, such a rule would apply to a small number 
of nations and would probably be justified most of the time.  Similarly, a nation with 
a carbon intensity that is declining rapidly relative to similar nations could also be 
given a passing grade.  Industrialized nations could be expected to reduce their carbon 
intensity at perhaps 75% of the rate achieved in the United States (keeping in mind 
that other nations are already less carbon intensive than ours).  Developing nations, in 
contrast, could be measured against themselves.  Key nations, such as China, would 
need to outperform the developing world weighted average.  This system would 
require nations to be ‘best in class.’     

 
 
Pulling it All Together 
 
While the issues discussed above could be resolved satisfactorily in a number of ways, 
the following recommendations could form the basis of a comprehensive climate change 
policy for determining what other nations must do. 
 
What countries?  After the United States adopts mandatory domestic climate change 
regulation it could condition a second, more stringent U.S. emissions cap on equitable 
action in thirty five nations: the members of the OECD plus, China, India, Brazil, Russia 
and Ukraine.  This grouping includes the world's top 15 emitters, approximately 80% of 
current global emissions, 72% of U.S. foreign trade, and 13 out of 15 of our top trading 
partners (not Singapore or Taiwan.  Issues relating to what would be needed for the 
United States to take a third step should be resolved only when the United States takes its 
second step.    
 
What progress?  Each one of these key nations should be assessed against predefined 
statutory standards.  Developed countries should be required to take action that is 
“comparable to that of the United States.”  Key developing nations should be required to 
“take significant, contemporaneous and equitable action.”  In applying these principles 
the United States should be guided by enumerated quantitative indicators.  Some of these 
objective indicators could be designated as ‘safe harbors’ that would trigger a 
presumption of sufficient action.  The lists below provide notional examples of what 
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those safe harbors might look like.  In depth quantitative analysis would be necessary to 
have confidence that these standards have been set at the right level. 
 

Developed nations 
• Policies that create an effective price on emissions that is at least as great as 

75% of the comparable carbon price in the United States (prior to adjusting 
for income from the international sale of emission credits). 

• Declining absolute levels of national emissions, or  
• At least 75% of the United States’ improvement in carbon intensity 

 
Developing Nations 

• Mandatory domestic reporting and monitoring of emissions in furtherance of a 
comprehensive national emissions abatement plan 

• An emissions trading or investment system covering at least 33% of their total 
emissions that affords U.S. entities access to their emissions market.  (Initially, 
such a system may rely on voluntary action and participation.) 

• Policies that create an effective price on industrial emissions that is at least as 
great as 25% of the comparable carbon price in the United States (prior to 
adjusting for income from the international sale of emission credits).  

• National emissions growth is at least 20% less than projected 
• Declining economy-wide carbon intensity, or 
• Change in economy-wide carbon intensity that is better than the weighted 

average for all developing nations 
 

How widespread progress?  The adequacy of international action should be measured in 
the aggregate.  The following standard should be considered a guideline: Countries 
representing at least 75% of emissions from these 35 key nations should be taking 
sufficient action.  In addition, all five of the United States’ largest trading partners 
(currently, Canada, Mexico, Europe, China and Japan) need to be doing the same. 
 
How determined?  The Congress and the President should enact these standards and 
quantitative guidelines as part of the initial mandatory climate change statute.  The 
Congress should instruct the President to report to the Congress at least annually whether 
the conditions contained in the statute have been satisfied.  When the President certifies 
that the statutory conditions have been met, the President should also be required to 
propose to the Congress a new U.S. emissions ceiling along with new conditions for 
when that ceiling would be adjusted again to reflect further international progress.  The 
initial climate regulation statute should stipulate that the Congress will consider the 
newly proposed emissions ceiling under expedited review procedures.  The Congress and 
the President should decide whether the new emissions ceiling proposed by the President 
would go into effect only if the Congress approves it or automatically absent a joint 
resolution of disapproval by the Congress.  A third approach, which perhaps balances the 
powers of the Congress and the President best, would be for the Congress to specify in 
advance the new ceiling level and have it take effect automatically when the President 
certifies that the statutory conditions have been met, assuming the President’s decision is 
not disapproved by a joint resolution of the Congress. 
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EUROPEAN UNION 
 

1. General Overview 
The European Community (EC) ratified the Kyoto Protocol on May 31, 2002, taking an 
aggregate greenhouse gas (GHG) emission reduction target of 8% below 1990 levels.1  Each 
member state also has a national target defined in the EC’s Burden Sharing Agreement 
(BSA). The agreement distributes the EC’s aggregate target to member states as follows:2  
 

Figure 1. European Union Burden Sharing Agreement 
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Individual member states have implemented national policies to reduce GHG emissions, 
ranging from voluntary agreements, demonstration programs, efficiency standards, fiscal 
incentives and emissions trading programs.  To provide an illustrative sample of these 
policies, this report reviews national programs in Germany, Spain, the United Kingdom and 
the Netherlands.   
 
In addition to these national policies, the European Union’s (EU) Council of Ministers asked 
the European Commission to develop common and coordinated GHG reduction policies 
and measures in the key emitting sectors (i.e., energy, transport and industry.)  Policy 
coordination is intended to improve the efficiency of the EU’s efforts to comply with the 
Kyoto Protocol.   
 
The EU initiated the European Climate Change Programme (ECCP) in June 2000, to 
identify and develop all the necessary elements of an EU strategy to implement the Kyoto 
Protocol.3  It identified more than 40 measures that could, if fully implemented, reduce 

                                                 
1 : http://unfccc.int/resource/kpstats.pdf 
2 http://europa.eu.int/comm/environment/docum/99230_en.pdf 
3 http://europa.eu.int/comm/environment/climat/eccp.htm 
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emissions by twice the Kyoto Protocol’s required level.  The ECCP set up a multi-
stakeholder process that focused on energy, transport, industry, research, and agriculture.  
The ECCP also contributed to the European Commission’s work on development of an 
EU-wide emissions trading scheme (EU ETS), which became the cornerstone of the EU’s 
compliance strategy. 
 

2. Emissions Profile 
The following tables summarize the EU’s GHG emissions, emissions intensity, and 
emissions limitations.  
 

Table X. EU GHG Emissions, 1990-19994 

 Without Sequestration With Sequestration 

 Mt CO2e5 Mt CO2e 

1990 GHG Emissions 4199 4007 

1995 GHG Emissions 4080 3891 

Current GHG Emissions (1999) 4030 3836 

Current as % of 1990 96.0% 95.7% 

Current as % of 1995 98.8% 98.6% 
 
This table shows that as of 1999, the most recent year for which complete emissions data is 
available, the EU’s emissions were approximately 4% below 1990 levels.    
 

Table X. EU GHG Emissions by Sector, 1990-2000 

 Transportation  Energy 
Industries 

Industrial 

 Mt CO2e Mt CO2e  Mt CO2e 

1990 GHG Emissions 706.4 1147.0 1647.0 

Current GHG Emissions (2000) 846.7 1092.1 1496.0 

Current as % of 1990 119.9% 95.2% 90.8% 
 
The data in the table illustrate that reductions achieved in the electric utility and industrial 
sectors have been partially offset by emissions increases in the transportation sector. 
 

                                                 
4 EU 3rd National Communication to the Secretariat of the United Nations Framework Convention on Climate 
Change (UNFCCC), http://unfccc.int/resource/docs/natc/eunc3.pdf 
5 Million metric tons of carbon dioxide equivalent (Mt CO2e) 
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Table X. EU Emissions Intensity6 

 Mt CO2e / gross inland 
consumption 

1990 GHG Emissions Intensity 2.35 

1995 GHG Emissions Intensity 2.24 

Current GHG Emissions Intensity  
(2000) 

2.17 

Current as % of 1990 92.3% 

Current as % of 1995 96.8% 
 
This table shows that aggregate EU GHG emissions intensity has declined since 1990.   
 

Table X. EU Emissions Limitations7 

Kyoto Emission Target 3863 Mt 

Current Emissions  - % over Kyoto 4.3% 

Covered Sectors Target Awaiting allocation plan 

Non-Covered Sectors Target Awaiting allocation plan 

Current Covered Sector Emissions % Over 
Target 

Unknown  

 
 

3. Environmental Metrics 

EC Emission Trends 
Total EC GHG emissions declined by 4% between 1990 and 1999.8  This was due in large 
part to two events that were unrelated to climate change policy.9 First, much of the UK 
power sector switched from coal to natural gas in the early 1990s. Second, the reunification 
of East and West Germany in 1991 resulted in the shutdown of older inefficient energy-
intensive production facilities during the 1990s, improving Germany’s national GHG 
emissions performance.  
 
                                                 
6 For all measures of emissions intensity except that for the EU, this paper relies on figures reported by the US 
Energy Information Administration (EIA), which reports emissions intensity in “Metric Tons Carbon 
Equivalent per Thousand 1995 U.S. Dollars using Market Exchange Rates.”  Because EIA lists no aggregate 
data for the EU as a whole, we rely instead on an alternative source, cited below, that reports energy intensity in 
“tonnes CO2e per unit of gross inland energy consumption.” Source: 
http://europa.eu.int/comm/dgs/energy_transport/figures/pocketbook/doc/en_world_2003.pdf 
7 EU members states’ proposed allocations under the EU ETS are to be submitted to the European 
Commission by March 31, 2004.  Therefore, allocations (i.e. targets) for covered and non-covered sectors will 
not be known before that time.  Task 4 of this project will assess the results of these proposed allocations.   
8 EU 3rd National Communication, op. cit. 
9 Report under Council Decision 1999/296/EC, amending Decision 93/389/EEC, ‘For a monitoring 
mechanism of Community greenhouse gas emissions’ (COM(2000) 749), November 2000. 
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The downward emissions trend of the 1990s has recently changed course. In 2002, the 
European Environment Agency (EAA) reported that total EU greenhouse gas emissions in 
2000 were 0.3% above those in 1999, though they remain 3.5% below 1990 levels.10 The 
EEA attributes recent emissions growth to an increase in coal use in the power sector and 
more rapid economic growth.  
 
Further analysis in a later EAA report predicts that this trend will continue.11 At present, ten 
of the fifteen member states (i.e., Austria, Belgium, Denmark, Finland, Greece, Ireland, Italy, 
the Netherlands, Portugal and Spain) are not on track to meet their national emission targets. 
Rapidly increasing emissions from the transport sector, which presently produces just over 
20% of the EU’s GHGs, are offsetting reductions in the power generation and industrial 
sectors across the EU.   
 
It should be noted that projections of future EU GHG emissions are made by estimating the 
impacts of domestic policies and measures currently in place, but not those under 
development such as the EU ETS.  Also, they do not take account of GHG trading under 
the three “Kyoto mechanisms,” which countries can use to meet their national targets.12 
 

Accession Country Emission Trends 
Emissions in the Central and Eastern European countries that are scheduled to join the EU 
in 2004 (“accession countries”) and those that are candidates for accession (“candidate 
countries”) have declined substantially.13 In 2001, their emissions were 36% below 1990 
levels. These reductions can be attributed primarily to economic contraction associated with 
the transition from centrally-planned to market-based economic systems.  All accession and 
candidate countries except Slovenia were on track in 2001 to meet their Kyoto targets. 
 

4. Economic Criteria 

4.1.  Market Formation 

The European Commission has sought to provide companies with significant compliance 
flexibility by making emissions trading a cornerstone of its compliance strategy.  As early as 
May 2001, an ECCP working group on “Flexible Mechanisms” recommended that emissions 

                                                 
10 EEA, Greenhouse gas emission trends in Europe, 1990-2000 
11 EEA, Greenhouse gas emission trends and projections in Europe 
http://reports.eea.eu.int/environmental_issue_report_2003_36/en  
12 The Clean Development Mechanism (CDM), established in Article 12 of the Kyoto Protocol, allows for 
projects located in developing countries to generate Certified Emission Reductions (CERs) that can be applied 
towards the emission reduction requirements of Annex I countries.  Joint Implementation (JI), as defined in 
Article 6 of the Kyoto Protocol, allows for projects located in Annex I countries to generate Emission 
Reduction Units (ERUs) that can be applied towards the emission reduction requirements of other Annex I 
countries.  International Emissions Trading (IET), defined in Article 17 of the Kyoto Protocol, allows for trade 
assigned amount units (AAUs), each of which represents a portion of Annex I countries’ allowable national 
emissions. 
13 Thirteen countries have applied to become new members of the EU.  Ten accession countries -- Cyprus, the 
Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, the Slovak Republic, and Slovenia -- are 
set to join on 1st May 2004. Bulgaria and Romania hope to join by 2007, while Turkey is not currently 
negotiating its membership. 
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trading within the EC start as soon as practicable and should not wait for progress in 
defining the Kyoto mechanisms. The working group also stated that emissions trading in the 
EU should be designed to minimize negative impacts on competitiveness, particularly for 
companies engaged in global competition.   
 
While EU GHG policy was still under development, three member states took the lead in 
establishing domestic emissions trading systems or purchasing reductions generated by 
projects outside the EU.  The UK and Denmark set up emissions trading programs to 
operate in advance of an EU market, and the Netherlands began a major program to procure 
reductions created within emerging rules for the Clean CDM and JI provisions of the Kyoto 
Protocol. These three initiatives have provided Europe with experience in developing and 
utilizing market based mechanisms as a means of achieving environmental and economic 
objectives. 
 

Domestic Trading 
As of 1 January 2005, companies in sectors covered by the EU ETS, including those in all 
EU and accession countries, must limit their GHG emissions to allocated levels during two 
compliance periods spanning 2005-2007 and 2008-2012. In the first phase, the program 
covers CO2 emissions only. Approximately 12,000 installations, which are projected to 
account for an estimated 46% of EU CO2 emissions in 2010, will be subject to the program’s 
emission reduction requirements. 
 
National Allocation Plans (NAPs), which will determine the number of emissions allowances 
to be provided to each individual installation covered by the directive, are currently under 
development by individual member states. NAPs must be submitted to the Commission by 
March 31, 2004. The Commission maintains a right of veto over these to ensure that they do 
not violate EU competition rules.  
 

Linking to Project-Based Compliance Instruments  
A second directive is under development that will govern the import of project-based 
emission reductions for compliance by regulated installations. The European Commission 
issued the first official draft of the “linking” directive on July 23, 2003.14 The draft directive 
would allow European companies to use internationally recognized project-based emission 
reductions for compliance under the second phase of the EU ETS.15 The draft directive now 
has to go through a co-decision procedure within the European Council and Parliament, 
which could result in key changes before a final version is adopted. It is hoped that this 
process will be completed by April 2004. Though the directive does not impose a 
quantitative ceiling on the use of such reductions for compliance, it provides for an 
automatic review of the directive if the quantity of imports exceeds 6% of the total quantity 
of allowances issued for the 2008-2012 trading period (equivalent to 350 Mt CO2e).   
 

                                                 
14 http://europa.eu.int/eur-lex/en/com/pdf/2003/com2003_0403en01.pdf  
15 These include CERs from CDM projects and ERUs from JI projects. 
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4.2.  Industrial Protection Versus Balance in Assignment of Emission Reduction 
Responsibilities 

Member states have flexibility to determine what share of their national emissions target 
should be allocated as tradable allowances to installations covered by the EU ETS.  A 
relatively large allocation provided to such installations would necessarily require larger 
reductions from non-covered installations or sectors (i.e., those not covered by the EU 
ETS). Conversely, a relatively small allocation would leave more room for emissions from 
non-covered sectors. As noted above, emissions from the power and industrial sectors have 
declined from 1990 levels, while emissions from transport have increased by 20% over the 
same time period. Allocations will help to determine whether this trend will continue.  
 
Member states may also choose the method by which they allocate tradable permits amongst 
covered installations. Between April and June of 2004, the European Commission will 
review all NAPs to ensure that they are consistent with countries’ national targets and that 
they do not create unfair competition or violate state aid rules.  This review will involve the 
both the Environment and Competition authorities to ensure that the NAPs conform to 
environmental and economic criteria.  For example, a plan that is considered to generous to 
installations covered by the program might fail the environmental effectiveness criteria 
review by not achieving a fair share of necessary reductions. Similarly, an overly generous 
allocation provided to a covered installation might fail the competition test by being 
considered unfair state aid that would provide the recipient industry with an illegal 
competitive advantage.   
 

5.  Energy and Technology Transformation 

5.1. Summary of Research and Development Expenditures 
The European Union’s Research & Development (R&D) “Framework Programme” is a 
broad research umbrella covering objectives and activities in many major socioeconomic 
areas.  Each framework spans four to five fiscal years.16 The overall share of the EU budget 
devoted to energy R&D has declined steadily, from nearly 50% in Framework Programme I 
($1.7 billion between 1984 and 1987) to 14% in Framework Programme V ($2.1 billion 
between 1998 and 2002).  The composition of the energy R&D portfolio has also changed 
significantly over the past decade. Research into fossil fuels, renewable energy, and energy 
efficiency have grown over the past decade from the smallest to the largest program area of 
energy R&D investment. Over the same period of time, support for nuclear-related R&D 
has declined dramatically. 
 
In the Fourth Framework Programme, which spanned 1995 to 1998, renewable energy 
received the largest percentage of the non-nuclear portion (14%) of the energy R&D budget. 
Energy efficiency has increased steadily over the past decade, from 3% of the total energy 
R&D budget in the Second Framework ($52 million) to 12% ($138 million) in the Fourth 
Framework. Expenditures in the EU are geared more towards demonstration and 
deployment than basic science and knowledge building. Assisting firms in the demonstration 

                                                 
16 http://energytrends.pnl.gov/eu/documents/eu.pdf 
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and deployment phase benefits the EU’s ability to participate in export market for such 
technologies.  
 

5.2. Short-Medium Term Technology Policy 

Renewable Energy 
The European Commission's Renewable Energy Directive aims to double the share of 
renewable energy as a percent of gross domestic energy consumption in the EU by 2010 
(from the present 6% to 12%). To achieve this target, renewables’ share of electricity in the 
EU as a whole would have to increase from 13.9% to 22%.17 Achieving this target will 
require a combination of R&D investments designed to improve the cost competitiveness 
and performance of such technologies and incentives to pull them into the market place so 
that they can compete with more mature technologies.  Member states have responsibility 
for implementing policies that will achieve the directive’s targets. 
 
The most frequently used policy instruments designed to achieve these objectives are “feed-
in tariffs” (Germany, Italy) and Renewable Portfolio Standards, which allow trading of 
renewable energy certificates for compliance (UK, Netherlands). They are discussed in later 
national sections of this report.  At present, there is little expectation that the EU will adopt 
firm Community-wide renewable energy policies. It appears more likely that member states 
will retain the right to pursue their own approaches to meeting the EU’s goal. 
 

Co-Generation 
In July 2002 the Commission proposed a directive to promote co-generation of heat and 
power.18 It has not yet been finalized.19 Its objectives are to contribute both to security of 
energy supply and reduce GHG emissions. The directive does not define targets for a co-
generation but seeks to establish a framework to support and facilitate the installation and 
proper functioning of electrical co-generation plants where a useful heat demand exists or is 
foreseen. 
 

Transportation 
In 1998, the EU established a three-tiered strategy to address CO2 emissions from cars. Road 
transport (cars & trucks) was then responsible for 22% of total CO2 emissions in the EU, 
with passenger cars the largest contributor to the sector’s emissions growth. The strategy 
included: (1) working with manufacturers on improving vehicle efficiency; (2) setting market-
oriented measures to influence motorists’ vehicle choices in favor of fuel-efficient cars; and 
(3) a public information program to increase consumer awareness of fuel economy.   
 

                                                 
17 http://europa.eu.int/comm/energy/res/legislation/doc/com599.htm  
18 http://europa.eu.int/comm/energy/library/chpdraftdirectiveen.pdf  
19 The latest version of the proposed directive is available at 
http://www.cogen.org/Downloadables/CHP_Directive/CHP_Directive_Amended_Proposal_COM(2003)41
6final.pdf 
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In 1998, the EU entered an agreement with the European Automobile Manufacturers 
Association to reduce CO2 emissions from new passenger cars an average of 25% by 2008, 
with an interim goal of 9–11 % by 2003.  The program is currently on target to achieve those 
objectives. By 2001, the new car average had reached 265 grams of CO2 per mile, below the 
target of 266-274 grams of CO2 per mile sought for 2003.20, 21  
 
The EC has begun to consider measures to implement the second tier of the strategy. As 
part of its communication on taxation of passenger cars in the EU, the Commission has 
examined the potential to restructure existing vehicle taxes to place a greater emphasis on 
achieving environmental objectives and Kyoto Protocol obligations.22 
 

5.3. Long-Term Technology Policy 
[to be completed in next draft]  
 

                                                 
20 ACEA's CO2 Commitment (05/12/2002 : http://www.acea.be/ACEA/brochure_co2.pdf    
21 A target of 266 grams per mile is roughly comparable to an average fuel economy standard of 32 miles per 
gallon. 
22 http://europa.eu.int/eur-lex/en/com/cnc/2002/com2002_0431en01.pdf  
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GERMANY 
 

1. General Overview 
Germany’s target under the EU BSA is 21% below 1990 levels. The German Government’s 
willingness to adopt this apparently stringent target resulted in part from its recognition that 
significant reductions had already been achieved as a result of economic contraction in the 
former East Germany following re-unification.  Current emissions are 18.3% below 1990 
levels. Germany is responsible for more than 75% of the EU’s total reduction target, and 
more than half of the approximately 12,000 industrial installations that will be covered by the 
EU ETS are located in Germany.  
 
In addition to participating in EU-wide efforts to reduce emissions, the German government 
has initiated several domestic measures designed to further reduce GHG emissions. Among 
these, the Renewables Law and the Combined Heat and Power (CHP) Law both mandate a 
cross-subsidy from fossil or non-CHP power production to renewables and CHP via 
electricity suppliers. An eco-tax has also been imposed on vehicle fuels to produce emission 
reductions in the transportation sector.  
 
German energy R&D expenditures have declined significantly since 1990. As in the EU’s 
Framework Programmes, Germany’s investment in R&D is geared towards deployment 
more than basic research and knowledge building.  
 

2. Emissions Profile 
The following tables summarize Germany’s GHG emissions, emissions intensity, and 
emissions limitations. 
 

Table X. German GHG Emissions, 1990-200023 

 Without Sequestration With Sequestration 

 Mt CO2e Mt CO2e 

1990 GHG Emissions 1,222,765 1,189,046 

1995 GHG Emissions 1,071,177 1,037,747 

Current GHG Emissions (2000) 991,421 974,595 

Current as % of 1990 81% 82% 

Current as % of 1995 93% 94% 
 
This table shows that German GHG emissions have fallen significantly since 1990. 
 

                                                 
23 3rd National Communication to UNFCCC Secretariat 



 
 

14

Table X. German GHG Emissions by Sector, 1990-200024 

 Transportation  Energy 
Industries 

Industrial 

 Mt CO2e Mt CO2e Mt CO2e 

1990 GHG Emissions 166,812 417,497 260,595 

1995 GHG Emissions 182,602 353,314 221,997 

Current GHG Emissions (2000) 188,458 341,378 184,830 

Current as % of 1990 113.0% 81.8% 70.9% 

Current as % of 1995 103.2% 96.6% 83.3% 
 
As in many countries, emissions have declined in the industrial and energy sectors and have 
increased in the transportation sector.  
 

Table X. German GHG Emissions Intensity25 

 Without Sequestration 

 (Mt Carbon Equivalent per 
Thousand 1995 US$ using Market 

Exchange Rates) 

1990 GHG Emissions Intensity26  0.09 

1991 GHG Emissions Intensity27  0.11 

1995 GHG Emissions Intensity 0.10 

 Current Emissions Intensity (2001) 0.08 

 Current as % of 1991  72.7% 

 Current as % of 1995 80.0% 
 
This table shows that German GHG emissions intensity has declined significantly since 
1990.  
 

Table X. German GHG Emissions Limitations28 

Burden Sharing Agreement Target 939,346 Mt per year 

2000 emissions - % over Burden Sharing 
Agreement Target 

3.69% 

                                                 
24 www.umweltdaten.de/luft/nir-2002.pdf 
25 http://www.eia.doe.gov/pub/international/iealf/tableh1g.xls 
26 West Germany only. East Germany not available. 
27 First year reported for unified Germany 
28 EU member states’ proposed allocations under the EU ETS will be submitted to the European Commission 
by March 31, 2004.  Therefore, allocations (i.e. targets) for covered and non-covered sectors will not be known 
before that time.  Task 4 of this project will assess the results of these proposed allocations.   
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Covered Sectors Target Mt per year 

Non-Covered Sectors Emissions Target Mt per year 

Current Covered Sector Emissions % Over 
Emissions Target 

% 

 
This table shows that despite significant reductions in emissions since 1990, Germany must 
achieve a further reduction of 3.7% to achieve its national target under the EU BSA. 
 

3. Environmental Metrics 

Emission Trends 
At the same time that the German economy grew 14.3% between 1990 and 1999, total 
GHG emissions fell by 18.6%. Primary energy consumption per unit of GDP fell by 15% 
between 1991 and 2000.29  Emissions in the sectors and activities covered by the EU ETS 
have fallen by 20.45% or a total of 129.9 Mt of CO2e in 2002 relative to 1990.  
 
In the 1990s, emissions decreased considerably in the industrial and energy sectors. At the 
same time, emissions increased in the residential and transport sectors. These trends were 
reversed in 2000.  Industrial and energy sector emissions increased by about 2%, while 
transport sector emissions declined for the first time.30  
 
The primary causes for Germany’s net GHG emission reduction in the 1990s were the 
collapse of East Germany’s economy and the reduced use of lignite as an energy source. In 
1990, following reunification, East German industry was rapidly privatized. As a result, many 
inefficient energy- and emissions-intensive facilities were shut down. In the energy sector, 
this transition took somewhat longer. The major fuel source for both power and heat in East 
Germany was lignite. Lignite is 22% more CO2-intensive than coal when used in electricity 
production.31 Heat was often distributed through poorly insulated district heating networks. 
The majority of these power stations and heating networks have either been completely 
modernized or shut down. Because Germany’s 1990 baseline incorporates emissions prior to 
re-unification, the economic contraction and efficiency improvements that occurred after re-
unification yielded significant reductions in absolute emissions. A study by the Fraunhofer 
Institute estimates that about 50% of total GHG emission reductions can be attributed to 
effects of re-unification.32  
 

                                                 
29 http://unfccc.int/resource/docs/natc/pam/gerpamn3.pdf 
30 3rd National Communication to UNFCCC Secretariat 
31 PriceWaterhouseCoopers/Enerpresse, "Climate Change and the Power Industry:  European Carbon Factors 
- A Benchmarking of CO2 Emissions by the Largest European Power Producers" 
http://www.pwcglobal.com/fr/pwc_pdf/pwc_europe_carbon_factor_2002-10_en.pdf 
32 Eichhammer et al. (2001) "Greenhouse gas reductions in Germany and the UK - Coincidence or policy 
induced? An analysis for international climate policy" Studie für die Commission for Sustainable Development 
(CSD-9), April 2001, http://www.isi.fhg.de/e/projekte/094s.htm 
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Electricity Trends 
Electricity production in Germany is heavily dependant on fossil fuels and was responsible 
for 366 Mt of CO2 emissions in Germany in 2002. Approximately half of total electricity 
produced in 2002 was from hard coal or lignite, 9% from natural gas, 5% from hydro, 3% 
wind, and approximately 4.3% was supplied by other sources. Nuclear energy, which 
contributed approximately 28% of total electricity production in 2002, is scheduled to be 
phased out by 2020. This will lead to replacement of power stations currently producing 
roughly 27 million MWh per year. Replacing nuclear generation could increase GHG 
emissions by 10 to 24 Mt CO2e per year.  
 
Renewable energy currently supplies approximately 8% of total electricity consumption. The 
government seeks to raise this to 12.5% of electricity by 2010, to 20% by 2020, and 50% by 
2050. 
 

4.  Economic Criteria 

 4.1.  Market Formation 

Domestic Trading 
Germany is currently working to implement the EU ETS.  This large number of covered 
installations located in Germany and the relatively low level of domestic experience with 
emissions trading and allowance allocations make this a challenging task.   
 
Historically, Germany has used voluntary agreements as a mechanism for achieving GHG 
reductions in the industrial and energy sectors. Believing that reductions achieved to date 
through voluntary agreements were sufficient, much of German industry initially pressed the 
government to oppose the EU ETS directive and later insisted upon significant changes to 
proposed program rules. Germany’s political difficulties with industry were exacerbated by 
the chemical sector’s concerns that their control costs would be unfairly high under the ETS, 
given its focus on CO2 only.  Many of the installations in Germany’s chemical sector are 
small and have relatively high CO2 control costs compared to the relatively large volumes of 
cost effective abatement options in non-CO2 gasses that are not covered by the program and 
thus are unavailable for compliance use.    
 
Sympathetic to the industry preference for voluntary programs, Germany proposed 
amendments to the ETS aimed at maintaining the structure of its voluntary agreement 
approach.  It proposed allowing industries to opt out of the installation-based trading regime 
and into a “pool” wherein industrial sectors could meet targets together without formally 
trading. Industry supporters of this approach hoped that those exceeding targets and those 
falling short of targets would be able to merge their baselines free of charge, thereby 
achieving the net emissions target without bearing net compliance costs.   
 
Ultimately, a pooling mechanism was included. However, the mechanism will only be 
available to industries that join a pool voluntarily and achieve the same emissions levels as 
would be allowed under the ETS. The pools would also be subject to the same monitoring 
and enforcement provisions as other installations. Clearly, these terms were not as favorable 
as their advocates had envisioned. Industry interest in “pooling” has eroded of late, with 
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only the steel sector likely to use it for several separate installations that are in close 
proximity and with difficulties in determining individual fuel and emission streams.33 As a 
result of the focus on this policy debate, large parts of industry only started serious 
preparations for emissions trading once the final ETS design was adopted by the EU 
Council of Ministers in August 2003.  
 
Current efforts on allocation are building on earlier domestic work on emissions trading.  As 
early as 2001, the Ministry of Environment established an Emissions Trading Work Group 
involving all major industrial emitters.  The Group discussed formulation of a common 
German position for the ETS directive in Brussels. Two rounds of high-level meetings 
between Chancellor Schröder, the Economics and Environment Ministers, and CEOs of the 
largest German companies affected by the EU ETS took place.  At present, Secretaries of 
State (vice-ministers) and company directors are negotiating the NAP. But the talks are 
presently stalled, and the government may simply set the targets without further input from 
industry.   
 
As for market building interests beyond the EU ETS, the German government appears to 
place a greater priority on domestic action to reduce national emissions than on trading via  
the Kyoto Mechanisms.34 In recent months, Germany supported the European 
Commission’s proposal to review the linking directive if an import quota for CERs and 
ERUs of 6% of total allocated EU allowances is reached and to consider implementing an 
absolute cap on such imports for compliance. However, German industry is urging 
reconsideration of this position at present. The German government also opposes use of 
sequestration credits for compliance because of concerns over permanence of such sinks. 
  

Government Purchases 
Germany has not purchased significant quantities of international GHG compliance tools to 
achieve its Kyoto target. The state owned development bank, KfW (Kreditanstalt für 
Wiederaufbau), is currently developing a $63.5 million carbon fund, which will purchase 
CERs and ERUs from international projects. The target investors for the fund are mainly 
German and European industrial entities. The Ministry of Economics has committed $10.2 
million to the fund. From 1998 to 2002, KfW also spent $1.43 billion to promote renewable 
energy and energy efficiency in developing countries.  
 

Institutional Capacity Development 
A national JI/CDM office has been established within the Ministry of Environment. Its 
purpose is to assist project developers in formulating their JI/CDM project ideas for 
submission to the Ministry for endorsement and approval.  Through its "Climate-protection 
programme in developing countries", Germany is carrying out capacity building measures in 
India, Indonesia, China, Chile, Peru, and Colombia, among others.35 
 

                                                 
 
34 Franzjosef Schafhausen, Bundesministerium für Umwelt on November 26, 2003 
35 Point Carbon CDM Monitor Dec 4, 2003 
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State-Based Initiatives 
In the “Hessen Tender,” companies and the state government of Hessen jointly purchased 
160,000 tons of CO2e emission reductions from installations that will be covered by the EU 
ETS for an average price of approximately $8.20 per ton. 
 

4.2. Industrial Protection Versus Balance in Assignment of Emission Reduction 
Responsibilities 

As is true for all member state governments, Germany has little room to accommodate 
special demands of specific industry sectors in the allocation of emission reduction targets, 
given the European Commission’s requirement that NAPs be consistent with EU 
competition rules.  Some believe that industry as a whole may not be required to achieve 
emission reductions beyond the 45 Mt already committed under past voluntary agreements. 
Under this scenario, sectors not covered by the ETS, such as the transportation and 
residential sectors, would have to achieve relatively large reductions relative to their current 
emission trajectories in order for Germany to meet its target. As in many other countries, 
increases in transportation sector emissions have increased over the past decade, offsetting 
reductions in sectors that will be regulated by the ETS.  The government will have to decide 
whether it will seek to reverse these trends through the imposition of stringent targets on 
transport.       
 

5.  Energy and Technology Transformation 

 5.1.  Summary of Research and Development Expenditures 

Table X. German Research and Development Expenditures36, 37  

Technology 1990 2000 2001 2002 2001 as % of 
1990 

Renewable energy  94.25 71.05 67.527 54.571 72% 

- Wind 13.014 14.608 16.858 14.42 130% 

- Biomass 1.724 6.459 3.831 3.676 222% 

- Geothermal 3.328 2.236 6.896 3.959 207% 

- Hydro 
0 0 0 0 

no funding in 
1990 or 2001 

- Solar 76.185 47.747 39.941 32.516 52% 

End-use efficiency38 7.25 3.18 4.885 5.372 67% 

                                                 
36 million US$ (2002 prices and exchange rates) 
37 International Energy Agency, “R&D Statistics Service's database of government energy technology R&D 
budgets,” http://www.iea.org/stats/files/rd.htm 
38 Based on the “Industry” category in IEA’s R&D database 
(http://library.iea.org/rdd/eng/ReportFolders/Rfview/explorerp.asp).  This category relates to R&D budget 
estimates for reduction of energy consumption in industrial processes including combustion, development of 
new techniques, new processes and new equipment in metallurgical, petro-chemical, chemical, glass, paper and 
pulp, textile, food industries. 
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Total renewable and 
end-use efficiency 101.5 74.23 72.412 59.943 71% 

Nuclear 
fission/fusion 304.382 141.305 121.261 114.043 40% 

Power generation 
technology39 48.314 25.289 45.976 54.1 95% 

Automobile 
efficiency 0 0 0 0 

no funding in 
1990 or 2001 

Other (may include 
carbon capture and 
storage and fuel cell 
technologies) 40 0 9.341 11.111 10.933 119% (vs. 2000) 

Total Energy R&D 41 
42 508.69 260.997 280.164 262.017 55% 
 
This table shows that German R&D expenditures on energy technologies have declined by 
almost half since 1990. Although a significant majority of the reductions can be attributed to 
the reduction in nuclear activities, reductions in renewable and energy-efficient technologies 
have also declined.  Other analyses of Germany’s R&D efforts have concluded that the 
reductions are even greater.  
 

5.2.  Short-Medium Term Technology Policy 

 Renewable Energy 
The Erneuerbare Energie Gesetz (EEG) provides a tiered fixed feed-in tariff to most of 
Germany’s renewable energy generation facilities. The cost of this tariff is distributed to all 
consumers by suppliers, making it cost neutral. This has contributed to a sharp increase in 

                                                 
39 Based on the total funding in the following categories in IEA’s R&D database:  1) Coal Combustion 
(conventional utility boilers; fluidised bed combustion; industrial applications; integrated gasified coal combined 
cycle (IGCC); 2) Coal Conversion (coal gasification, including underground (in-situ) gasification, low Btu 
gasification, (except for IGCC) and high Btu gasification; coal liquefaction, including hydro generation, Fischer-
Tropsch synthesis; and 3) Electric Power Conversion (turbo-engines, multi-fuel gas turbines, conventional and 
combined cycles; super-conducting generating machines; magnetohydrodynamic conversion; heat/electricity 
combined production; electricity generators and components; dry cooling towers; re-powering, retrofitting, life 
extensions and upgrading of fossil fuel power plants; thermal pollution from power plants; air pollution from 
power plants; boiler R&D). 
40 Based on the “Others” category in the IEA R&D database.  This category relates to R&D budget estimates 
for hydroelectric; hydrogen; energy technology information dissemination; and studies not related to other 
specific technology areas listed separately in the database. 
41 Total Energy R&D figures include specific IEA R&D categories not included in this table, and therefore may 
be greater than the sum of the R&D categories in this table.  
42 Differences between IEA’s estimates of R&D for any category and those provided by other sources are 
attributable to two factors.  First, R&D definitions and categories differ significantly among countries and 
studies.  In-depth analyses of R&D programs suggest that significant effort must be made to provide 
appropriate comparisons of countries’ R&D budgets, and to isolate “real” R&D funding from extraneous 
funding figures that are often included with countries’ R&D estimates.  Second, some R&D estimates other 
than IEA’s that are cited in this analysis cover years (whether fiscal or calendar) after 2002, and therefore will 
not be reflected in the IEA R&D table. 
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the share of electricity produced by renewables in Germany from only 3.8% in 1990 to about 
7% in 2001. Renewable energy production has been calculated to displace a total of more 
than 50 Mt of CO2 emissions in 2002.43  
 
The total payout under the EEG in 2002 was $2.7 billion. Approximately two thirds of the 
aggregate amount was provided to wind generators. Since 1991 approximately $9.3 billion 
was paid in fixed feed-ins to renewable generators. After feed-in tariffs were substantially 
increased in 2000, a total of $6.5 billion was invested in renewable generation in 2001. This 
investment was primarily from the private sector, and most of it was to construct new 
facilities. Analysts estimate that the renewable energy industry now supports approximately 
130,000 jobs directly or indirectly in Germany.44 As in the case of the EU, Germany’s 
technology policy objectives are not only to support increased deployment of new 
technology but also to enhance the capacity of its manufacturers to take advantage of export 
opportunities.  
 

Co-Generation 
The KWK-Gesetz of 2002 is designed to promote the maintenance, modernization, and 
expansion of heat and power co-generation by implementing a fixed tariff. It is estimated 
that the policy will avoid up to 23 Mt of CO2 emissions through 2010.45   
 

Transportation 
An eco-tax of $0.29 per gallon is imposed on vehicle fuels.  Biodiesel and other “carbon 
neutral” fuels are exempted from the tax.  
 

5.3.  Long-Term Technology Policy 

Fuel Cells 
The “Future Investment Programme,” is committed to funding R&D into environmentally 
friendly energy technologies. A total of 44 projects in applied fuel cell research covering 
small and large, stationary and mobile fuel applications, have been funded   
 
In addition, several German states are funding R&D into fuel cells. North Rhine-Westphalia 
has spent over $50.8 million in past years.46 Overall, however, there appears to be a notable 
lack of coordinated funding & incentives for fuel cell research. Several public research 
institutes and companies are also investing R&D in fuel cells. 
 

                                                 
43 Umweltpolitik – Erneuerbare Energien in Zahlen March 2003, BMU 
44 ibid. 
45 3rd National Communication to UNFCCC Secretariat 
46 http://www.wdr.de/themen/forschung/technik/brennstoffzelle/index.jhtml?rubrikenstyle=forschung 
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UNITED KINGDOM 
 

1.  General Overview 
Under the EU’s BSA, the UK is required to reduce its GHG emissions 12.5% below 1990 
levels. The government has also adopted a domestic goal to reduce national emissions 20% 
below 1990 levels by 2010. UK GHG emissions in 2000 were 14.4% below 1990 levels.   
 
Action taken in the UK throughout the 1990s, particularly the switch from coal to gas in the 
power sector, has significantly reduced national emissions. The government intends to 
continue this trend through a range of fiscal and market-based policies. A recent EAA report 
suggests that as of 2001, the UK was on track to meet its BSA target through existing 
domestic policies and measures.47 If additional programs are implemented, the UK could 
exceed its Kyoto target by 10%. Moreover, these predictions do not include the impact of 
the EU ETS. 
 
The UK has been one of the leading countries in implementing environment legislation to 
address climate change, particularly using market mechanisms.  The UK Emissions Trading 
Scheme (ETS) began in April 2002 and is the world's first economy-wide GHG emissions 
trading scheme. The UK government has also been one of the nations driving the structure 
of the EU ETS, and is close to completing its NAP. In addition, the UK Government has 
adopted a market-based green certificates program to encourage growth of the country’s 
renewable energy supply. 
 

2.  Emissions Profile 
The following tables summarize UK GHG emissions, emissions intensity, and emission 
limitations. 
 

Table X. UK GHG Emissions, 1990-199948 

 Without Sequestration With Sequestration 

 Mt CO2e Mt CO2e 

1990 GHG Emissions 741.9 750.7 

1995 GHG Emissions 685.1 689.7 

1999 GHG Emissions  637.9 642.6 

Current as % of 1990 86.0%  85.6% 

Current as % of 1995 93.11%  93.16% 
 
This table shows that UK emissions have fallen by 14% since 1990. 
 
                                                 
47 Greenhouse gas emission trends and projections in Europe 2003 
48 3rd National Communication to UNFCCC Secretariat 
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Table X. UK GHG Emissions by Sector, 1990-200049 

  Electric Utility Transportation Industry 

  Mt CO2e  

1990 GHG Emissions 247.13 130.53 56.83 

1995 GHG Emissions       

2000 GHG Emissions 184.07 138.23 24.20 

Current as % of 1990 74% 106% 43% 

Current as % of 1995       
 
As has been mentioned, a significant portion of emission reductions achieved in the UK was 
the result of fuel switching in the power sector from coal to gas.63 Mt, or 66% of the 96 Mt 
of emission reductions from the electric utility and industrial sectors occurred in the electric 
utility sector.  Given that the vast majority of the 63 Mt of reductions can likely be attributed 
to fuel switching from coal to gas, it is possible that approximately one-half of the UK’s 
overall emission reductions since 1990 are due to such fuel switching. 
 

Table X. UK Emissions Intensity50 

 Without Sequestration 

 (Mt Carbon Equivalent 
per Thousand 1995 
US$ using Market 
Exchange Rates) 

1990 GHG Emissions Intensity 0.16 

1995 GHG Emissions Intensity 0.13 

2001 GHG Emissions Intensity 0.12 

Current as % of 1990 62.5% 

Current as % of 1995 92.3% 
 
This table shows that UK emissions intensity declined by 37.5% between 1990 and 2001. 

 

Table X. UK GHG Emissions Limitations51 

Kyoto Emission Target 656.8 Mt per year 

Current Emissions - % over Kyoto -3 % 
 

                                                 
49 3rd National Communication, op. cit. 
50 http://www.eia.doe.gov/pub/international/iealf/tableh1g.xls 
51 EU member states’ proposed allocations under the EU ETS will be submitted to the European Commission 
by March 31, 2004.  Therefore, allocations (i.e. targets) for covered and non-covered sectors will not be known 
before that time.  Task 4 of this project will assess the results of these proposed allocations.   
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3.  Environmental Metrics 

Emission Trends 
The UK’s total GHG emissions were approximately 14.5% below 1990 levels in 1999.  
Specifically, this included CO2 reductions of 9%, methane reductions of 28%, and nitrous 
oxide reductions of 36%. 
 
The significant reduction in GHG emissions through the 1990s is primarily the result of fuel 
switching from coal to gas in the power sector. This was driven by the discovery of gas in 
the North Sea during the 1980s. Cheap and plentiful gas supplies from the North Sea led to 
a massive “dash for gas” by electricity generators. 
 
The large reduction in methane emissions since 1990 has resulted from a variety of activities 
including increased collection of landfill gas for use as energy and environmental control, 
increased productivity of dairy cows and falling cattle numbers, lower levels of coal mine 
production and the collection of coal mine methane for use as energy, improved 
management systems, and auditing and training in the offshore oil and gas industry.   
 

Electricity Trends 
Nuclear power currently accounts for approximately 25% of the UK electricity supply, 
although that share is expected to decline over the next two decades as existing stations 
reach the end of their lives and are retired. The latest government policy announcement on 
energy does not contain specific proposals for building new nuclear power stations, though 
it does not rule out the possibility that at some point in the future new nuclear generation 
might be necessary.52 Renewable sources of energy accounted for 2.8% of UK electricity 
generation in 2000, up from 2.1% in 1997.  
 

Domestic Trading and Climate Change Agreements 
As indicated above, the UK has established several market-based measures for reducing 
GHG emissions. These measures included an auction of incentive payments of $309 million 
in which participating firms agreed to achieve specific quantities of emission reductions.53 In 
2002 participants overachieved against their targets by 3.9 Mt CO2e or 13%. 
 
The UK government also negotiated a series of voluntary emission reduction agreements 
with companies.54 These are known as Climate Change Agreements (CCAs).  In return for 
committing to comply with emissions limitations under a CCA, companies receive a 
substantial discount on a recently introduced energy consumption tax known as the Climate 
Change Levy (CCL). Of 12,000 individual sites covered by CCAs, approximately 10,500 
(88%) met their targets and have had their tax discounts renewed. CCAs delivered a total 

                                                 
52 http://www.dti.gov.uk/energy/whitepaper/ 
53 DEFRA The UK Emissions Trading Scheme  
 Auction Analysis and Progress Report - October 2002 
http://www.defra.gov.uk/environment/climatechange/trading/pdf/trading-progress.pdf 
54 While all CCAs are designed to reduce GHG emissions, many involve targets that limit energy use rather 
than emissions, per se.   
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reduction of 13.5. Mt CO2e against an estimated 2000 baseline (or 15.8 Mt against pre-2000 
baselines).55   
 

4.  Economic Criteria 

4.1.  Market Formation  
The UK ETS officially started on April 2, 2002 following the auction of incentive monies 
described above. The 34 participants in this auction and the more than 12,000 companies 
with CCAs are eligible to take part in the GHG emissions trading under the UK ETS. Over 
500 trades involving more than 1.5 million tons CO2e have taken place since the market’s 
first trade in August 2001. 
 
The UK Department for Environment, Food & Rural Affairs (DEFRA) has also been one 
of the major driving forces behind the development of the EU ETS. DEFRA was a key 
proponent of the opt-out provision and it has led discussions on issues such as registries, 
verification and the linking directive. 
 

Capacity Development 
The government has established the Climate Change Projects Office (CCPO), which 
provides UK businesses with an expert advice service and a means of accessing all 
government resources relevant to climate change projects. The Foreign and Commonwealth 
Office established its Climate Change Challenge Fund (CCCF) in 1999 to help developing 
countries and economies in transition to move towards less carbon intensive economic 
growth. Since its conception, the CCCF has distributed $3.1 million to a wide variety of 
projects around the world.  
 

Government Purchases 
The UK government has not purchased any reductions to date and has not expressed an 
intention to do so. 
 

4.2.  Industrial Protection Versus Balance in Assignment of Emission Reduction 
Responsibilities 

Domestic Measures 
In March 1999 the Chancellor of Exchequer announced the introduction of the CCL, a 
downstream tax on energy use in the industrial, commercial, and public sectors. Industry was 
strongly concerned about the tax’s possible impacts on competitiveness. Industry opposed 
the tax and supported trading as an alternative. After extensive consultations, government 
and industry agreed on a program in which industry would voluntarily commit to a relative 
or absolute emissions limits under CCAs in exchange for an 80% discount on the CCL.   
The government decided not to impose a direct emissions tax on power generators, out of 
concern with “double counting” of reductions and increased power prices.  
                                                 
55 http://www.defra.gov.uk/news/2003/030407a.htm  
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The government was also conscious of the fact that such a tax would further harm the 
remaining coal power producers and the UK coal industry.56 When the government first 
proposed the CCL, an initial analysis undertaken by the major energy intensive sectors 
concluded that the levy’s impact would result in the closure of some plants in the UK. As a 
result, the government exempted from the CCL fuel used in dual use and non-fuel processes 
(e.g. coke in steel making) and electricity used in electrolysis processes, for example, the 
chlor-alkali process, or primary aluminum smelting. 
 
As indicated above, companies that adopted a CCA with the government received a discount 
on their CCL liability.  Yet even with the prospect of such a discount, there was concern that 
the tax would harm the competitiveness of UK industry. The government has taken other 
steps to ensure that emissions reductions requirements, particularly for sectors subject to 
international competition, can be achieved cost-effectively. Among these, the Enhanced 
Capital Allowances (ECAs) scheme enables a business to immediately write off its entire 
capital spending on designated energy-saving plants and machinery against its taxable 
profits.57   
 

EU Emissions Trading 
The UK Government is currently preparing its draft NAP for the sectors covered under the 
EU ETS. While there has been extensive discussion with industry, little is known about the 
targets that will be allocated to sectors covered under the program. The aggregate target for 
the covered sectors is not yet known, since the government has not yet decided if it will 
allocate GHG allowances on the basis of its BSA target, which requires reductions 12.5% 
below 1990 levels or the domestic target to reduce CO2 emissions to 20% below 1990 levels 
by 2010.58  
 

5.  Energy and Technology Transformation 

5.1. Summary of Research and Development Expenditures 

Table X. UK Research and Development Expenditures59 

Technology 1990 2000 2001 2002 2001 as % of 
1990 

Renewable energy  31.514 6.936 9.435 19.49 30% 

- Wind 11.866 1.419 2.165 3.148 18% 

- Biomass 4.896 2.68 2.784 4.198 57% 

- Geothermal 5.559 0 0 0.3 0% 

- Hydro 0 0.158 0.155 0 98% (vs. 2000) 

                                                 
56 http://www.parliament.the-stationery-office.co.uk/pa/cm200102/cmstand/deleg3/st020306/20306s02.htm 
57 http://www.eca.gov.uk/ 
58 http://www.defra.gov.uk/environment/climatechange/02.htm 
59 million US$ (2002 prices and exchange rates), International Energy Agency, “R&D Statistics Service's 
database of government energy technology R&D budgets,” http://www.iea.org/stats/files/rd.htm 
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- Solar 4.49 2.049 2.784 8.096 62% 

End-use efficiency60 12.55 0.919 0 0 0% 

Total renewable and 
end-use efficiency 44.064 7.855 9.435 19.49 21% 

Nuclear fission/fusion 242.789 26.874 22.629 21.934 9% 

Power generation 
technology61 22.684 5.169 8.164 7.357 36% 

Automobile efficiency 17.831 0.788 0 0.825 0% 

Other (may include 
carbon capture and 
storage and fuel cell 
technologies) 62 8.231 28.534 2.939 3.748 36% 

Total Energy R&D 356.487 75.59 46.961 57.109 13% 
 
UK government energy R&D funding declined by over 90% between 1988-2002.63 Research 
into all classes of technologies declined and support for nuclear has been eliminated. The 
elimination of support for nuclear power accounts for a large share of the overall decline in 
national R&D. The UK now relies on mechanisms other than direct research funding as a 
means of promoting investment in less carbon intensive technologies. These mechanisms 
include tax credits, public-private partnerships, and government-sponsored industry working 
groups.  
 
In its Energy Policy announcement in fall 2003, the Government increased funding for 
renewables capital grants by $108.6 million, which is additional to funding announced in the 
2002 Spending Review. To expand the knowledge base in the UK, the Department for 
Trade and Industry has already provided an extra $14.5 million to the Research Councils 
specifically for renewables research over the next three years. This is part of a new $50.7 
million investment in support of sustainable energy research.  
 

                                                 
60 Based on the “Industry” category in IEA’s R&D database 
(http://library.iea.org/rdd/eng/ReportFolders/Rfview/explorerp.asp).  This category relates to R&D budget 
estimates for reduction of energy consumption in industrial processes including combustion, development of 
new techniques, new processes and new equipment in metallurgical, petro-chemical, chemical, glass, paper and 
pulp, textile, food industries. 
61 Based on the total funding in the following categories in IEA’s R&D database:  1) Coal Combustion 
(conventional utility boilers; fluidised bed combustion; industrial applications; integrated gasified coal combined 
cycle (IGCC); 2) Coal Conversion (coal gasification, including underground (in-situ) gasification, low Btu 
gasification, (except for IGCC) and high Btu gasification; coal liquefaction, including hydro generation, Fischer-
Tropsch synthesis; and 3) Electric Power Conversion (turbo-engines, multi-fuel gas turbines, conventional and 
combined cycles; super-conducting generating machines; magnetohydrodynamic conversion; heat/electricity 
combined production; electricity generators and components; dry cooling towers; re-powering, retrofitting, life 
extensions and upgrading of fossil fuel power plants; thermal pollution from power plants; air pollution from 
power plants; boiler R&D). 
62 Based on the “Others” category in the IEA R&D database.  This category relates to R&D budget estimates 
for hydroelectric; hydrogen; energy technology information dissemination; and studies not related to other 
specific technology areas listed separately in the database. 
63 http://energytrends.pnl.gov/uk/uk005.htm  
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In addition, the Department of Trade and Industry’s (DTI) Capital Grants Scheme funds a 
number of demonstration projects to help reduce both the costs and risks involved in such 
developments, and to maximize the contribution to the Government's targets for renewable 
electricity supply within the UK.64 This scheme provides support to biomass ($119.5 million), 
offshore wind ($112.2 million), the DEFRA Energy Crops Scheme ($52.5 million), and solar 
energy ($36.2 million). 
 

5.2. Short-Medium Term Technology Policy 

Renewable Energy 
The Renewables Obligation came into force on April 1, 2002. It requires electricity suppliers 
to source 10.4% of their total electricity sales from eligible renewable energy stations by 
March 2011. Currently, 2.8% of total generated electricity comes from renewable energy 
sources. To demonstrate compliance with this target, the electricity supplier must provide 
the Office of Gas and Electricity Markets (OFGEM) with the relevant number of 
Renewables Obligation Certificates (ROCs) and/or buy-out payments ($54 per MWh). Each 
ROC represents the environmental benefit associated with one MWh of electricity generated 
from an eligible renewable energy source, and can be traded separately from the physical 
electricity.  
 

Energy Efficiency 
Under the Energy Efficiency Commitment (EEC) for 2002 to 2005, electricity and gas 
suppliers are required to achieve targets for the promotion of improvements in domestic 
energy efficiency.65 Each supplier has an energy savings target that they can achieve by 
encouraging households to install energy-saving measures. The Energy Saving Trust (EST) 
works in partnership with manufacturers, retailers, installers, energy suppliers, local 
authorities, advice providers, and others. EST seeks to ensure the most effective delivery of 
energy efficiency to homes and small businesses.   
 
Launched in April 2001, the Carbon Trust works to accelerate energy efficiency in the non-
domestic sector. Its activities include the ‘Action Energy’ information and advice service, an 
interest-free loan scheme for small businesses, and stimulating innovation in new low-carbon 
technologies. The Carbon Trust's annual funding amounts to approximately $90.5 million 
per year in grants from DEFRA, the Scottish Executive, the National Assembly for Wales, 
the Northern Ireland Assembly, and part of CCL receipts.  
 

Combined Heat and Power 
The government set a target in 2000 of achieving at least 10,000 MWe of installed CHP 
capacity by 2010. Discussions are ongoing as to whether compliance can be achieved 
through trading. 
 

                                                 
64 http://www.dti.gov.uk/energy/renewables/support/capital_grants.shtml  
65 http://www.defra.gov.uk/environment/energy/eec/provisional/pdf/eec2002.pdf  
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Transportation 
The Powering Future Vehicles (PFV) strategy aims to promote the development, 
introduction, and deployment of low-carbon vehicles and fuels, and to ensure the full 
involvement of the UK automotive industries in the new technologies. This strategy sets a 
target that within the next decade, 10% of new cars sold in the UK will be low-carbon 
vehicles with emissions of 161 grams CO2 per mile or less.66, 67 Up to 1999, the Vehicle 
Excise Duty (VED) was the same flat rate for all cars. VED for new cars is now graduated 
according to a cars’ CO2 emissions, ranging from $109 to $290, with zero duty for electric 
vehicles.   
 

5.3. Long-Term Technology Policy 

Fuel Cells 
The government is supporting strategic automotive research and development through the 
Foresight Vehicle programme. Over 400 companies and organizations are involved in 
projects valued at $181 million. The government has commissioned a study funded jointly by 
DTI and the Carbon Trust on the fuel cell market. Following the results of this study, the 
government will work with industry to produce a Fuel Cells Vision for the UK.   
 

Carbon Capture and Storage 
The DTI, through the Cleaner Coal Technology Programme, announced in September of 
2002 the initiation of a review of the feasibility of CO2 capture and storage (CCS) in the 
UK.68 The DTI plans to spend $30.8 million on cleaner coal technology over the six-year life 
of the programme. This represents some $14.5 million on R&D and a further $16.3 million 
on technology transfer and export promotion. 
 
 

                                                 
66 Powering Future Vehicles: The Government Strategy. DfT, DTI, Defra and HMt, July 2002 
67 This target is roughly comparable to a corporate average fuel economy standard of 54 miles per gallon. 
68 http://www.dti.gov.uk/energy/coal/cfft/co2capture/review.pdf  
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SPAIN 
 

1.  General Overview 
Spain’s target under the EU BSA is 15% above 1990 levels. As discussed earlier, in order to 
accommodate differences in development status, the BSA allows Spain’s emissions to grow. 
As of 1999, Spain’s emissions were approximately 25% above 1990 levels. However, on a 
per-capita basis, Spain’s emissions are much lower than in other EU member states. In 1990, 
its per-capita emissions were approximately 6 tons CO2e per year compared to the EU 
average of 12.    
 
The energy sector is responsible for over 70% of Spanish emissions. With rapid growth in 
energy and electricity consumption expected to continue in coming years, Spain confronts a 
significant challenge in meeting its emissions limitation obligation.69 Rapid growth in 
emissions from transportation adds to this challenge. 
 

2.  Emissions Profile 
The following tables summarize Spain’s GHG emissions, emissions intensity, and emissions 
limitations. 
 

Table X.  Spanish GHG Emissions, 1990-1999 

 Without 
Sequestration70 

With Sequestration 

 Mt CO2e71 Mt CO2e 

1990 GHG Emissions 306 278 

1995 GHG Emissions 337 308 

Current GHG Emissions (1999) 380 351 

Current as % of 1990 123% 126% 

Current as % of 1995 109% 114% 
 
This table shows that Spain’s emissions have increased since 1990 and are currently above 
the level authorized under the EU BSA. 
 

                                                 
69 WWF Spain – Meeting Kyoto Targets in the EU. Spain, domestic implementation and long term climate 
targets, Presentation given in Brussels 25-26 June 2003. 
70  National Communication to the UNFCCC Secretariat, http://unfccc.int/resource/docs/natc/spanc3.pdf  
71 Greenhouse Gas Emissions Inventories Report From Spain 1990-2000  Communication To The European 
Commission (Decision 1999/296/Ce) 



 
 

30

Table X. Spanish GHG Emissions by Sector72 

  Electric Utility Transportation Industry 

  Mt CO2e 

1990 GHG Emissions 64.1 62.0 80.4 

Current GHG Emissions (2000) 91.8 84.9 108.0 

Current as % of 1990 143% 137% 134% 
 
This table shows that emissions have increased significantly in all major emitting sectors of 
the Spanish economy. 
 

Table X. Spanish GHG Emissions Intensity73 

 Without Sequestration 

 (Mt Carbon Equivalent 
per Thousand 1995 
US$ using Market 
Exchange Rates) 

1990 GHG Emission Intensity 0.11 

1995 GHG Emission Intensity 0.11 

Current GHG Emission Intensity (2001) 0.11 

Current as % of 1990 100% 

Current as % of 1995 100% 
 
This table shows that Spanish GHG emissions intensity has not increased appreciably since 
1990.  
 

Table X. Spanish GHG Emissions Limitations74 

Burden Sharing Agreement Target 352 Mt year 

Current Emissions - % Over Burden Sharing 
Agreement Target 

25% 

Covered Sectors Target Awaiting allocation plan 

Non-Covered Sector Emissions Target Awaiting allocation plan 

Current Covered Sector Emissions % Over 
Emissions Target 

Unknown % 

 
                                                 
72 IEA Statistics – CO2 Emissions from Fuel Combustion 1971 – 2000. (2002 Edition) 
73 http://www.eia.doe.gov/pub/international/iealf/tableh1g.xls  
74 EU member states’ proposed allocations under the EU ETS will be submitted to the European Commission 
by March 31, 2004.  Therefore, allocations (i.e. targets) for covered and non-covered sectors will not be known 
before that time.  Task 4 of this project will assess the results of these proposed allocations.   
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3.  Environmental Metrics 

Emissions Trends 
Between 1983 and 1990, Spain’s emissions grew at 3.6% per year compared with an average 
growth rate in the EU of 2.8%. Total emissions in 1999, including sinks, were 26% above 
1990 levels. Spain’s emissions intensity was the same in 2001 as it was in 1990. The 
transportation sector accounts for much of the observed growth in Spain’s absolute GHG 
emissions. Between 1990 and 1999 GHG emissions from transport rose by 39.9% and show 
no sign of slowing in the near future.75 
 
Spain’s national inventory provides a ‘with measures’ forecast that predicts an increase in 
emissions of 48% between 1990 and 2010, with major increases in the transport and service 
sectors (both in excess of 70%), closely followed by the residential sector (65% increase).76 
In 2001 the IEA reported that Spain appears to be further away from meeting its BSA 
commitment than any other EU country.77  
 
An important issue that has and will continue to impact Spain’s emissions trajectory relates 
to the country’s location at the periphery of Europe. Economic growth and growth in 
international trade are likely to correspond with further growth in emissions from the 
transport sector. Freight traffic will be required to transport goods in and out of the 
territory. A recent OECD report showed an increase in freight traffic by 70% over 15 years 
to the mid 1990’s. This trend will continue as Spain’s economy continues to grow.78 
 

4.  Economic Criteria 

4.1.  Market Formation 

Domestic Trading 
Spain has little experience to date with emissions trading, as it has been awaiting EU policy 
before implementing a regime. At present, the Government of Spain is developing its NAP, 
but no public information on the NAP is yet available. 
 

Government Purchases 
There is currently no government emission reduction procurement program in place. 
 

4.2.  Industrial Protection Versus Balance in Assignment of Emission Reduction 
Responsibilities 

                                                 
75 Robert A Reinstein (2002) Calculating the Costs of the Kyoto Protocol – How Will It Affect Europe’s 
Competitiveness, http://www.iccfglobal.org/PDFs/ReinsteinTransport.pdf  
76 National Communication to UNFCCC Secretariat, op. cit. 
77 Energy Policies of IEA Countries, Spain – IEA. 
http://www.iea.org/public/freepdfs/2001/reviews/spain.pdf  
78 OECD (2000) Working Party on Environmental Performance, Environmental Performance Reviews (1st 
Cycle), http://www.oecd.org/dataoecd/19/56/2432829.pdf  
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Given the country’s large projected emissions shortfall, the Spanish government has little 
ability to favor individual industries over others when establishing emissions limitations.  
Nonetheless, among some in industry and certain members of the EU Parliament, there is 
concern that Spain will seek to give its industry an economic advantage in the allocation 
process. Given the EC’s strong signals regarding its intention to carefully review NAPs to 
ensure conformity with environmental and competitiveness requirements, this seems 
unlikely.   
 
Reflecting the seriousness of the impact the EU ETS is likely to have on Spanish industry, 
industry representatives have reportedly been urging the renegotiation of Spain's Kyoto 
target under the BSA. The Spanish employers' federation (CEOE) has calculated that 
industry could have to purchase emission reductions valued at as much as 5% of Spain's 
GDP to achieve its target in 2008-2012. CEOE argues that Spain miscalculated its emissions 
levels when it signed up to the EU's BSA in 1998 and that this justifies renegotiation of its 
target.79 However, given the political momentum for climate action in Europe, there is little 
likelihood that Spain or any other EU Member State could renegotiate its BSA target. 
 

5.  Energy and Technology Transformation 

5.1. Summary of Research and Development Expenditures 

Table X. Spanish R&D Expenditures80, 81, 82 

Technology 1990 2000 2001 2002 2001 as % of 
1990 

Renewable energy  19.267 16.219 15.159 15.533 79% 

- Wind 1.633 2.619 2.068 1.857 127% 

- Biomass 6.389 3.736 4.144 4.345 65% 

- Geothermal 0.165 0 0 0 0% 

- Hydro 
0 0 0 0 

no funding in 
1990 or 2001 

- Solar 11.08 9.864 8.947 9.331 81% 

End-use efficiency83 3.578 3.891 0.831 0.763 23% 

                                                 
79 Environmental Daily Issue 1569, 8 December 2003. 
80 million US$ (2002 prices and exchange rates) 
81 International Energy Agency, “R&D Statistics Service's database of government energy technology R&D 
budgets,” http://www.iea.org/stats/files/rd.htm 
82 IEA estimates of R&D budgets contained in Table X and in the equivalent tables for other countries 
examined in this report may differ from the budget estimates cited in the textual discussions of policies and 
programs.  The latter budget estimates are provided in order to highlight the budgets of specific programs or 
other available data, and to supplement the IEA data.  However, they may not be as comprehensive or 
consistent as those provided by IEA.   
83 Based on the “Industry” category in IEA’s R&D database 
(http://library.iea.org/rdd/eng/ReportFolders/Rfview/explorerp.asp).  This category relates to R&D budget 
estimates for reduction of energy consumption in industrial processes including combustion, development of 
new techniques, new processes and new equipment in metallurgical, petro-chemical, chemical, glass, paper and 
pulp, textile, food industries. 
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Total renewable and 
end-use efficiency 22.845 20.11 15.99 16.296 70% 

Nuclear fission/fusion 23.682 24.301 23.788 23.289 100% 

Power generation 
technology84 0 0.854 4.149 3.817 486% (vs. 2000) 

Automobile efficiency 0 0.205 0.851 0.792 415% (vs. 2000) 

Other (may include 
carbon capture and 
storage and fuel cell 
technologies) 85 0 0 1.433 1.451 

101% (2002 vs. 
2001) 

Total Energy R&D 49.327 49.884 48.256 47.879 98% 
   
This table shows a slight decline in overall Spanish R&D expenditures. Approximately 50% 
of the government’s investment is in the nuclear area. 
 

5.2. Short-Medium Term Technology Policy 

Energy Efficiency 
An Energy Conservation and Efficiency Plan has been a main vehicle of the Ministry of 
Industry and Energy for promoting fuel substitution and energy conservation. It focuses on 
energy savings, substitution, co-generation, and renewable energy.   
 

Renewable Energy 
Spain has seen significant increases in installed wind capacity.  Wind generation increased 
from 73MW in 1994 to 1,539MW at the end of 1999 – a 2000% increase. Despite this 
growth, it delivers a relatively small proportion of the national power supply.  
 
A renewable energy program was put in place in Spain between 1991 and 2001 that 
established a target of 2.5MW of installed PV solar electricity.86 The target was exceeded by 
the end of the first year. Nevertheless, solar power still does not contribute significantly to 
the national power supply. At the end of 1999, Spain’s installed PV capacity was 9MW. In 
2002 the Spanish government also approved the inclusion of incentive premiums for solar 

                                                 
84 Based on the total funding in the following categories in IEA’s R&D database:  1) Coal Combustion 
(conventional utility boilers; fluidized bed combustion; industrial applications; integrated gasified coal 
combined cycle (IGCC); 2) Coal Conversion (coal gasification, including underground (in-situ) gasification, low 
Btu gasification, (except for IGCC) and high Btu gasification; coal liquefaction, including hydro generation, 
Fischer-Tropsch synthesis; and 3) Electric Power Conversion (turbo-engines, multi-fuel gas turbines, 
conventional and combined cycles; super-conducting generating machines; magnetohydrodynamic conversion; 
heat/electricity combined production; electricity generators and components; dry cooling towers; re-powering, 
retrofitting, life extensions and upgrading of fossil fuel power plants; thermal pollution from power plants; air 
pollution from power plants; boiler R&D). 
85 Based on the “Others” category in the IEA R&D database.  This category relates to R&D budget estimates 
for hydroelectric; hydrogen; energy technology information dissemination; and studies not related to other 
specific technology areas listed separately in the database. 
86 World Energy Council - Extract from the Survey of Energy Resources 2001 –- Spain (2002) 
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electricity generation. Solar energy generation receives a premium of $0.15 per kWh above 
the market price for electricity.   
 

Transportation 
At present, the Spanish government is considering measures designed to reduce emissions 
growth in the transportation sector. Possible measures include differentiated tax rates for 
low and high-octane lead-free gasoline, regulatory measures, and the development of 
voluntary agreements to reduce emissions from vehicles. 
 

5.3. Long-Term Technology Policy 
The Government of Spain does not invest in R&D of long-term climate-related 
technologies. 
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THE NETHERLANDS 
 

1.  General Overview 
Under the EU BSA, the Netherlands faces a GHG limitation of 6% below 1990 levels. Its 
current emissions are over 7% above 1990 levels. According to current projections, the 
Netherlands is likely to exceed its emissions limitation by approximately 40 Mt CO2e per 
year (or 200 Mt over the 2008-12 period).   
 
The Dutch government launched the Climate Policy Implementation Plan (CPIP) as an 
element of its compliance strategy. Part I, launched in 1999, consists of domestic measures 
to mitigate GHG emissions. Part II, launched in 2000, includes the Netherlands’ plans for 
purchases of emissions reductions under the Kyoto Protocol’s project-based mechanisms. 
The government announced that half the gap between the country’s projected and allowable 
emissions would be addressed through emission reduction purchases. The government has 
already carried out several such purchases, which have made it one of the most active buyers 
in the emerging international GHG market.   
 

2.  Emissions Profile 
The following tables summarize the Netherlands’ GHG emissions, emissions intensity, and 
emissions limitations.   
 

Table X.  Netherlands GHG Emissions, 1990-199987 

 Without Sequestration With Sequestration 

 Mt CO2e Mt CO2e 

1990 GHG Emissions 215.8 214.3 

1995 GHG Emissions 232.9 231.2 

Current Emissions  
(1999) 

230.1 228.4 

Current as % of 1990 107% 107% 

Current as % of 1995 99% 99% 
 
This table shows that the Netherlands’ GHG emissions have grown by 7% relative to 1990. 
 

Table X. Netherlands GHG Emissions Intensity 

 Without 
Sequestration88 

                                                 
87 3rd National Communication to the UNFCCC Secretariat, http://unfccc.int/resource/docs/natc/netnc3.pdf  
88 http://www.eia.doe.gov/pub/international/iealf/tableh1g.xls  
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 (Mt Carbon Equivalent 
per Thousand 1995 
US$ using Market 
Exchange Rates) 

1990 GHG Emission intensity 0.16 

1995 GHG Emission intensity 0.15 

Current Emission intensity  
(most recent data) 0.12 

Current as % of 1990 75% 

Current as % of 1995 80% 
 
This table shows that the Netherlands GHG intensity has declined by 25% relative to 1990. 
 

Table Header 

Burden Sharing Agreement Target 206 Mt per year 

Current Emissions - % Over Burden Sharing 
Agreement Target 

13% 

Covered Sectors Target Awaiting allocation plan 

Non-Covered Sectors Emissions Target Awaiting allocation plan 

Current Covered Sector Emissions % Over 
Emissions Target 

 Unknown % 

 
This table shows that the gap between the Netherlands current emissions and allowable 
emissions is 13%. 
 

3.  Environmental Metrics 

Emission Trends 
The Netherlands target under the BSA is 6% below 1990 levels.  As of 1999, the country’s 
emissions were 7% above 1990 levels, though its emissions intensity improved. Interim 
forecasts suggest that by 2010, the Netherlands will face a  gap of approximately 40 Mt CO2e 
per year between its actual and allowable emissions levels. 
 
The EU published a report with a ‘distance-to-target’ metric, which measures the deviation 
of actual emissions in 2001 from a hypothetical linear path between base-year emissions and 
each country’s burden-sharing target for 2010. It shows that the Netherlands is currently 
7.4% over its target.89 
 

                                                 
89 European Environment Agency (2003) Greenhouse gas emission trends and projections in Europe 2003. 
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Energy Trends 
Between 1990 and 1999, energy consumption increased approximately 3% in the residential 
and service sectors, 8% in agriculture, 4% in industry, 14% in the transportation sector and 
10% in the energy sector.  Improvements of 17% in energy intensity from 1980-1999 were 
overwhelmed by a 33% increase in electricity use even though this electricity use was mainly 
supplied by co-generation. Since 1999, approximately 12% of annual demand was met by 
imports from Germany and France.  
 
Since 1990 the production of renewable energy has increased by 250%.  However, it still 
provided only 1.3% of the national energy supply in 1998. Over 50% of this came from 
waste combustion. 
 

4.  Economic Criteria 

4.1.  Market Formation 

EU Emissions Trading 
The Dutch have not yet published their NAP for the ETS. This is expected to be issued by 
March 2004. It will be difficult to ascertain the stringency of Dutch emitters’ targets until the 
NAP is published.  
 

Government Purchases 
The Dutch government has been one of the most active buyers in the emerging international 
GHG market. It was one of the contributors to the World Bank’s Prototype Carbon Fund 
(PCF). In addition, it has carried out several of its own direct purchases through tendering 
processes. These are known as the Emission Reduction Procurement Tender (ERUPT-1), 
the second Emission Reduction Procurement Tender (ERUPT-2), the third Emission 
Reduction Procurement Tender (ERUPT-3), and the Certified Emission Reduction 
Procurement Tender (CERUPT). These have resulted in the purchase of over 26 Mt CO2e at 
prices ranging from US$3-8 per ton CO2e.  
 
The government has also increased its contributions to the PCF and established new GHG 
purchasing facilities through other financial institutions including Rabobank, the 
International Finance Corporation (IFC), Andean Development Bank (CAF), Asian 
Development Bank (ADB), and the European Bank of Reconstruction and Development 
(EBRD). The Dutch government has also signed Memoranda of Understanding with a 
number of other countries, including several in Latin America, for approval of purchases of 
over 100 Mt CO2e.  This represents approximately half of the 200 Mt required for 
compliance with its national emissions target under the government’s initial projections.  
 

4.2.  Industrial Protection Versus Balance in Assignment of Emission Reduction 
Responsibilities 

A form of voluntary agreement known as a “ Benchmarking Covenant” is one of the key 
instruments of current climate policy in the Netherlands. A set of such Covenants was  
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signed in July 1999 by the Dutch government and energy-intensive industry, including the 
power generation sector. The central goal of the Covenant program is to reduce GHG 
emissions from energy-intensive industries by improving energy efficiency without 
compromising international competitiveness. According to the Benchmarking Covenant, 
participating industries are required to become world leaders in terms of energy efficiency as 
soon as possible, but no later than 2012. In return, the government will refrain from 
implementing additional specific national measures aimed at further reducing energy use or 
CO2 emissions in these industries. Beginning in 2000 the less energy-intensive companies 
will be asked to take all energy conservation measures that have an internal rate of return of 
15%. Government funding will be provided to support the measures. 
 
The Regulatory Energy Tax was introduced in 1996, primarily as a levy on the use of gas and 
electricity in the residential sector and small-scale industry. Revenues from the tax have been 
used mainly to reduce other taxes and social premiums imposed largely on households and 
small firms (i.e. the so-called ‘greening of the fiscal system’).  
 

5.  Energy and Technology Transformation  

5.1. Summary of Research and Development Expenditures 

Table X. Energy-Related Research and Development Expenditures by the Netherlands, 1990-
200290 

Technology 1990 2000 2001 2002 2001 as % 
of 1990 

Renewable energy  35.551 31.414 44.205 NA 124% 

- Wind 9.496 8.034 13.398 NA 141% 

- Biomass 7.759 10.918 13.398 NA 173% 

- Geothermal 4.342 0 0 NA 0% 

- Hydro 
0 0 0 NA 

no funding in 
1990 or 2001 

- Solar 12.797 12.257 17.115 NA 134% 

End-use efficiency91 13.491 18.23 25.917 NA 192% 

Total renewable and 
end-use efficiency 49.042 49.644 70.122 NA 143% 

Nuclear fission/fusion 35.377 23.174 21.027 NA 59% 

Power generation 
t h l  

2.663 8.343 7.824 NA 294% 

                                                 
90 million US$ (2002 prices and exchange rates), International Energy Agency, “R&D Statistics Service's 
database of government energy technology R&D budgets,” http://www.iea.org/stats/files/rd.htm 
91 Based on the “Industry” category in IEA’s R&D database 
(http://library.iea.org/rdd/eng/ReportFolders/Rfview/explorerp.asp).  This category relates to R&D budget 
estimates for reduction of energy consumption in industrial processes including combustion, development of 
new techniques, new processes and new equipment in metallurgical, petro-chemical, chemical, glass, paper and 
pulp, textile, food industries. 
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technology92 

Automobile efficiency 8.743 9.888 13.496 NA 154% 

Other (may include 
carbon capture and 
storage and fuel cell 
technologies) 93 27.677 16.067 20.929 NA 76% 

Total Energy R&D 176.076 130.085 168.506 NA 96% 
 
This table shows that the Netherlands’ expenditures on energy R&D has declined slightly 
since 1990. The aggregate reduction can be attributed mainly to reductions in the nuclear 
area. Unlike many of the countries that undertake such R&D, the Netherlands increased 
investment in several other classes of key climate-related technologies. 
 

5.2. Short-Medium Term Technology Policy 

Renewable Energy and Energy Efficiency 
The Dutch government has developed a domestic energy saving program to encourage the 
increased use of co-generation and reduce emissions from residential and commercial 
buildings. The government also supports efforts of residential and business users to reduce 
energy consumption.  
 
The Netherlands also has voluntary “green certificates” program designed to promote 
renewable energy. The main incentive for participation has been a tax rebate originally set at 
$77 per MWh. In mid-2003 it was cut by half. It will be cut again in July 2004 and will be 
phased out by Jan 2005. This was prompted by a glut of imported green power. The 
government also recently introduced a feed-in tariff for domestic green power. The level of 
the tariff is dependant on technology type and is guaranteed for 10 years of operation. 
Finally, the government has announced an indicative target to increase the share of 
renewables in power production to 10% by 2020.94 
 

Transportation 
The government’s program to reduce emissions from the transport sector includes tax 
incentives to purchase fuel-efficient passenger cars, road pricing, further taxes on private 

                                                                                                                                                 
92 Based on the total funding in the following categories in IEA’s R&D database:  1) Coal Combustion 
(conventional utility boilers; fluidised bed combustion; industrial applications; integrated gasified coal combined 
cycle (IGCC); 2) Coal Conversion (coal gasification, including underground (in-situ) gasification, low Btu 
gasification, (except for IGCC) and high Btu gasification; coal liquefaction, including hydro generation, Fischer-
Tropsch synthesis; and 3) Electric Power Conversion (turbo-engines, multi-fuel gas turbines, conventional and 
combined cycles; super-conducting generating machines; magnetohydrodynamic conversion; heat/electricity 
combined production; electricity generators and components; dry cooling towers; re-powering, retrofitting, life 
extensions and upgrading of fossil fuel power plants; thermal pollution from power plants; air pollution from 
power plants; boiler R&D). 
93 Based on the “Others” category in the IEA R&D database.  This category relates to R&D budget estimates 
for hydroelectric; hydrogen; energy technology information dissemination; and studies not related to other 
specific technology areas listed separately in the database. 
94  http://www.ez.nl/beleid/home_ond/duurzenergie/docs/EU-verslag%20engels.pdf 
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cars, stricter control of speed limits, and tax incentives to encourage fuel-efficient driving 
behavior. 
 

Contingency Measures  
The Dutch Government has been preparing a number of reserve measures that will be 
implemented if additional emission reductions are necessary for the Netherlands to comply 
with its national emissions limitation. The government plans formal reviews of its efforts 
and at the conclusion of those reviews it will decide whether any of the potential measures 
should be taken. Fallback measures include raising the regulatory energy tax, raising excise 
duties on motor fuels, reducing nitrous oxide emissions in the chemicals industry, 
underground storage of CO2, and mandatory building inspections. 
 

5.3. Long-Term Technology Policy 
The Government of the Netherlands does not invest in R&D of long-term climate-related 
technologies. 
 
 



 
 

41

CANADA 
 

1.  General Overview 
Canada’s emission reduction target under the Kyoto Protocol is 6% below 1990 levels. 
Achieving this target will be a significant challenge for Canada. Its GHG emissions have 
grown 18.5% between 1990 and 2001 with growth projected to continue to 2010.    
 
In late 2002, the government formulated a framework for action to close its forecasted gap 
of 240 Mt CO2e between Canada’s forecasted emissions for 2010 and its Kyoto target. This 
framework, known as the Climate Change Plan for Canada (“the Plan”), seeks to achieve 55 
Mt of reductions through a domestic emissions trading program. The program would 
impose emissions intensity targets on a set of sources known as Large Final Emitters (LFEs). 
Reductions from sectors not covered by the trading program will be achieved through the  
creation of domestic offsets that can be used by LFE’s for compliance, and through targeted 
measures such as tax incentives, traditional regulatory programs, and production subsidies. 
In its current form, full implementation of the Plan would leave the country at least 60 Mt 
short of its Kyoto target. Canada has been reluctant to impose more stringent measures due 
to widespread concern that Canadian firms could be disadvantaged against their US 
competitors given that the US has opted not to ratify the Kyoto Protocol.   
 
The Plan may undergo significant change in the near future. This is because ratification of 
the Kyoto Protocol and the Plan itself were both orchestrated by former Prime Minister Jean 
Chretien, who recently retired. He was replaced by Paul Martin, a former Finance Minister, 
who has stated his intention to review the plan, creating the potential for significant changes. 
 
R&D and investments in less carbon-intensive technologies are an important element of the 
government’s long-term strategy for addressing climate change. 
 

2.  Emissions Profile 
The following tables summarize Canada’s GHG emissions, emissions intensity, and 
emissions limitations. 
 

Table X. Canadian GHG Emissions, 1990-200195 

 Without Sequestration With Sequestration* 

 Mt CO2e Mt CO2e 

1990 GHG Emissions 608 501 

1995 GHG Emissions 658 645.4 

Current GHG Emissions (2001) 720 683.6 

Current as % of 1990 118.4 % 136.4 % 

                                                 
95 Canada’s Greenhouse Gas Inventory (1990-2001). 
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Current as % of 1995 109.4 % 105.9 % 
 
This table shows that Canada’s GHG emissions (including sinks) have risen 36.4% above 
1990 levels. 
 

Table X. Canadian GHG Emissions by Sector96 

 Transportation Electric Utility Industrial 

 Mt CO2e Mt CO2e Mt CO2e 

1990 GHG Emissions 147 95 125 

1995 GHG Emissions) 160 100 129 

Current Emissions (2000) 178 111 125 

Current as % of 1990 1.21 1.16 1 

Current as % of 1995 1.11 1.11 0.96 

2010 Projected Emissions 197 14097 21998 

% Increase over Current 
Emissions 

10% 26%  NA99 

2010 Sector Target NA 119 186 

% Reduction from BAU Emissions 
to Meet Target 

NA 15%100 15% 

 
This table shows that emissions from all key emitting sectors have risen since 1990. 
 

Table X. Canadian GHG Emissions Intensity, 1990-2001101  

 Without 
Sequestration 

 (Mt Carbon 
Equivalent per 

                                                 
96 The numbers in this table are from Canada’s Emissions Outlook 1997-2020 and may differ with numbers in 
the national inventory. 
97 Electricity sector and industry sector projections obtained from “Table 1: Profile of Industry Covered 
Emissions 1990 – BAU 2010,” data distributed to Canadian covered sector stakeholders by Canadian 
Government on 9/25/2002. 
98 Ibid.  Industry projections for 2010 are based on all industrial sectors covered under the domestic emissions 
trading system other than electricity generation, and include emissions from the oil and gas sector.  This 
definition of industry emissions differs from that associated with the industry emissions estimates for 1990, 
1995, and 2000 cited above.    
99 Ibid. 
100 Emissions targets have not yet been finalized for LFEs covered under the domestic trading program. These 
estimates assume that electricity generation and industry will receive targets equal to the average reduction from 
BAU under the trading program (i.e., 15%).  Actual targets may differ from this figure. 
101 Electricity sector and industry sector projections obtained from “Table 1: Profile of Industry Covered 
Emissions 1990 – BAU 2010,” data distributed to Canadian covered sector stakeholders by Canadian 
Government on 9/25/2002. 
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Thousand 1995 US$ 
using Market 

Exchange Rates) 

1990 GHG Emission intensity 0.239102 

1995 GHG Emission intensity 0.227 

Current GHG Intensity (2001) 0.217 

Current as % of 1990 91% 

Current as % of 1995 96% 
 
This table shows that Canadian GHG emissions intensity has declined since 1990.  
 

Table X. Canadian GHG Emissions Limitations 

Kyoto Emission Target 571 Mt  

Current Emissions - % Over Kyoto 26% 

Covered Sectors Target103 55 Mt104 

Non-Covered Sector Target105 125 Mt106 

Current Covered Sector Emissions % Over 
Emissions Target107 

20% 

 

Table X. Canadian Emissions Growth, Covered and Non-Covered Sectors 

Covered Sectors Emissions Growth 
1990-2001 

23.4% 

Non-Covered Sectors Emissions Growth 
1990-2001 

14.3% 

Covered Sector 2010 BAU Emissions 340 Mt 

Non-Covered Sector 2010 BAU Emissions 469 Mt 
 

3.  Environmental Metrics 

                                                 
102 EIA, Table H1g World Carbon Dioxide Emissions from the Consumption and Flaring of Fossil Fuels per 
Thousand Dollars of Gross Domestic Product, http://www.eia.doe.gov/pub/international/iealf/tableh1g.xls 
103 Target for emission reductions relative to BAU for the LFE group, which accounted for 46% of the total 
2000 GHG emissions. According to projections, LFE could produce half of Canada’s emissions by 2010. See 
graphics in Annex I. 
104 Expressed as a reduction from business as usual. 
105 Does not include 60 Mt of unspecified reductions to be achieved during phase III. 
106 Expressed as a reduction from business as usual. 
107 Current emissions refer to 2000 and emissions target is based on BAU estimates for 2010. 



 
 

44

Emission Trends 
Canada’s total GHG emissions have increased 18.5% between 1990 and 2001 despite a 9% 
improvement in emissions intensity over the same period.108 Emissions have grown largely as 
a result of an increase in fossil fuel use in power generation, increased energy consumed in 
transport, and a large growth in fossil fuel production. Emissions from electricity and heat 
generation have increased 44%, while transportation emissions increased by 22%. Total 
energy exports increased 136% between 1990 and 2001, and emissions associated with those 
exports have grown 146%. The share of national GHG emissions resulting from energy 
exports has more than doubled from 4.5% to 9.4% over the same period.109 
 
Growth in economic output as a whole was accompanied by less significant growth in GHG 
emissions due to a move away from GHG-intensive fossil fuels in the industrial, residential, 
and commercial sectors and to gains in energy efficiency in the smelting, refining, and 
chemical industries. 
 

Policy Development 
Canada has been addressing global climate change for more than a decade through actions in 
agriculture, forestry, transportation and attempts to increase the use of renewable energy and 
improve energy efficiency. The Budget 2003 investment of $1.57 billion over five years 
brought  Canada's total investment in climate change actions to $2.89 billion over 5 years.110 
Shortly before ratifying the Kyoto Protocol in December 2002, the Government of Canada 
released the Plan, which is designed to eliminate the projected gap 2010 gap of 240 Mt 
between business-as-usual emissions and its Kyoto target.  
 
The Plan consists of a three tiered approach: 80 Mt from actions underway (Phase I), 100Mt 
from new actions (Phase II), and a remaining 60 Mt of unspecified action (Phase III).  
 
Actions already underway  in Phase I are comprised of initiatives from Action Plan 2000, the 
Federal Budget 2001, and sinks from agricultural and forest management. However, the 
results for Phase I may fall considerably short of the 80 Mt projected by the government. 
Many of these reductions are to be achieved through voluntary actions whose effectiveness 
is uncertain.  
 
New actions in Phase II consist of three programs for achieving 100 Mt of reductions within 
the following sectors of the economy: large industrial point sources; transportation; housing 
and commercial/institutional buildings; agriculture, land use change and forestry; and small 
and medium-sized enterprises. The first program is designed to achieve 55 Mt of reductions 
from LFEs by requiring an average of 15% reductions in emissions intensity from forecasted 
2010 levels.  
 

                                                 
108 On the question of preferred baseline year, had a choice been given regarding the baseline year, Canada 
would likely have chosen 1989, a year in which their total emissions peaked for the period 1988-1992. 
109 Environment Canada, (2003) "Canada's Greenhouse Gas Inventory, 1990-2001", Greenhouse Gas Division. 
110 All dollar figures are quoted in $CDN. Current conversion to $US is 1.3:1. 
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These reductions would be achieved through covenants within the context of a domestic 
emissions trading (DET) system.111 Within the context of this system, the government has 
committed to capping the per-ton cost of reductions to CAN$15. There is also a plan for a 
domestic offsets system that would generate credits from sectors not covered by the 
program that could be purchased by covered sectors and used for compliance.   There is the 
possibility that regulated firms may achieve the required 55Mt of reductions but the national 
target could actually increase. This is because the reductions could be achieved from a higher 
baseline given that the target is established based upon 2010 forecasted levels of 
productions.   If the forecasts of covered sector output turns out to be low, the country’s 
Kyoto gap will increase.  The Government has committed to accepting this “quantity risk”.  
 
The second program involves a broad scope of measures, referred to as Targeted Measures 
and Partnership Funding, to reduce another 35 Mt in other sectors. Targeted measures might 
include production subsidies, tax incentives, and regulation. Partnership funding will involve 
matching federal government and private efforts to stimulate GHG emissions reductions in 
areas such as energy efficiency. The last element in the Government’s Plan for Phase II is to 
purchase at least 10 Mt of emissions reductions created by the project-based mechanisms 
incorporated in the Protocol. .  
 
Further potential actions mentioned for the remaining 60 Mt scheduled for Phase III include 
emissions reductions from existing and future technology R&D investments; potential credit 
for clean energy exports; and other provincial, territorial, and community initiatives. 
However, no firm measures have yet been decided upon for this Phase.  
 

4.  Economic Criteria 

4.1.  Market Formation 

Domestic and International Trading 
The Action Plan proposed that Canada participate in the international market for emission 
permits being created by the KP and seek to do so in close collaboration with the private 
sector. To begin its activities in the international trading arena, the first phase of Canada’s 
Plan includes three main components.:  These include an investment of $11.7 million in 
projects that generate emissions reductions through the World Bank’s Prototype Carbon 
Fund (PCF); $78 million in capacity building activities in developing countries through the 
Canada Climate Change Development Fund (CCCDF); and $15.6 million to facilitate private 
sector participation in CDM/JI projects through the CDM/JI Office. However, there is no 
guarantee that any of these actions will produce reductions  that  will be usable for Kyoto 
compliance.    Accordingly, the Government has also stated its intent to purchase a 
minimum of 10 Mt of mainly project-based emission reductions in the international market 
as an element of its compliance strategy.  
 
The Plan stresses the need to take competitiveness into account in implementing policies to 
address climate change. In particular, there is a widespread concern that the imposition of 

                                                 
111 For additional discussion of this system and other market-based policy instruments in Canada, see Section 
4.1. below. 
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emissions limitations on Canadian companies could disadvantage them against US 
competitors, which do not face the costs associated with emissions limitations.  In 
recognition of this concern, the Plan is designed to avoid placing an unreasonable burden on 
any region or jurisdiction of the country and to recognize early action.  
 
The Government incorporated several provisions in the domestic trading system designed to 
protect Canadian competitiveness. In contrast to many emissions trading systems, which 
place absolute limitations on regulated entities’ emissions, the DET system’s contains 
intensity-based targets, in which the amount that regulated entities are allowed to emit varies 
in proportion to their levels of production. The government has also attempted to minimize 
the burden of the DET system by limiting the total obligation for covered sectors to 55 Mt 
and by capping the cost of compliance at CAN$15 (US$11.72) per ton.112 This cost cap 
provides regulated firms with cost certainty. The government has incorporated additional 
flexibility into the program by ensuring that regulated firms have unlimited access to the 
Kyoto mechanisms for compliance and encouraging greater domestic liquidity through the 
development of an offset program. The government has also stated its intent to develop a 
mechanism that would credit firms for their investments in R&D.  
 

Pilot Trading Programs 
Canada has sponsored several emissions trading pilot programs over the past three years to 
gain practical trading experience. These include the Ontario Pilot Emission Reduction 
Trading (PERT) in 1996; the Greenhouse Gas Emission Reduction Trading (GERT) pilot in 
1998; and the Pilot Emissions Removals, Reduction, and Learning (PERRL) initiative in 
2002. All three pilot projects were designed to stimulate the GHG market in Canada and 
provide a learning experience for proponents of emissions reduction projects, market 
participants, policy makers, and administrators.  
  

4.2.  Industry Protection Versus Balance in Assignment of Emissions Reduction 
Responsibilities 

Though the LFEs that would be covered by the DET system account for 42% of national 
emissions, the 55 Mt of reductions that they will be required to achieve represents only 23% 
of the country’s projected 240 Mt Kyoto gap. Similarly, the transportation sector is likely to 
face a disproportionately low share of the Kyoto gap. The likely result of assigning 
disproportionately low emission reduction obligations on covered and non-covered sectors 
alike is to shift the compliance burden from these sectors to the government.   
 
It is also possible that certain sectors regulated by the trading program will receive favorable 
treatment at the expense of others. Having limited the LFE obligation to 55 Mt, a 
concession provided to one sector will have an opposite effect on another. Many sectors are 
concerned that guarantees provided to the oil and gas sector in the form of generous 
baselines and an agreement on emissions intensity reduction levels may increase other 
covered sectors’ burden under the program. The government provided these concessions in 

                                                 
112 Using exchange rate of US$1=CAN$1.2803, from http://www.ny.frb.org/markets/fxrates/noon.cfm, 
January 6, 2004 
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response to concerns that GHG reduction costs could undermine oil sands investments in 
Alberta.  
 

5. Energy and Technology Transformation 

5.1. Summary of Research and Development Expenditures 

Table X. Energy-Related Research and Development Expenditures by the Government of 
Canada, 1990-2001113 

Technology 1990 2000 2001 2002 2001 as % of 
1990 

Renewable energy  9.654 19.155 16.929 17.083 175% 

- Wind 1.081 3.226 1.868 1.441 173% 

- Biomass 5.175 6.872 5.966 6.778 115% 

- Geothermal 0.154 0.192 0.223 0.393 145% 

- Hydro 0 5.577 4.361 4.632 83% (vs. 2000) 

- Solar 3.244 3.289 4.51 3.838 139% 

End-use efficiency114 14.597 14.846 17.826 17.536 122% 

Total renewable and 
end-use efficiency 24.251 34.001 34.755 34.619 143% 

Nuclear fission/fusion 125.116 47.26 39.818 39.994 32% 

Power generation 
technology115 9.113 10.959 11.909 11.267 131% 

Automobile efficiency 9.5 6.142 9.008 17.532 95% 

Other (may include 
carbon capture and 7.26 24.181 26.84 25.348 370% 

                                                 
113 million US$ (2002 prices and exchange rates), International Energy Agency, “R&D Statistics Service's 
database of government energy technology R&D budgets,” http://www.iea.org/stats/files/rd.htm 
114 Based on the “Industry” category in IEA’s R&D database 
(http://library.iea.org/rdd/eng/ReportFolders/Rfview/explorerp.asp).  This category relates to R&D budget 
estimates for reduction of energy consumption in industrial processes including combustion, development of 
new techniques, new processes and new equipment in metallurgical, petro-chemical, chemical, glass, paper and 
pulp, textile, food industries. 
115 Based on the total funding in the following categories in IEA’s R&D database:  1) Coal Combustion 
(conventional utility boilers; fluidised bed combustion; industrial applications; integrated gasified coal combined 
cycle (IGCC); 2) Coal Conversion (coal gasification, including underground (in-situ) gasification, low Btu 
gasification, (except for IGCC) and high Btu gasification; coal liquefaction, including hydro generation, Fischer-
Tropsch synthesis; and 3) Electric Power Conversion (turbo-engines, multi-fuel gas turbines, conventional and 
combined cycles; super-conducting generating machines; magnetohydrodynamic conversion; heat/electricity 
combined production; electricity generators and components; dry cooling towers; re-powering, retrofitting, life 
extensions and upgrading of fossil fuel power plants; thermal pollution from power plants; air pollution from 
power plants; boiler R&D). 
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storage and fuel cell 
technologies) 116 

Total Energy R&D 292.325 173.726 189.145 190.544 65% 
 
This table shows that energy-related R&D expenditures by Canada have declined by 35% 
between 1990 and 2001. Nearly all of the overall reduction can be attributed to the reduction 
in nuclear R&D activities.  
 
In June 1998 Natural Resources Canada (NRCan), initiated work on the Energy Technology 
Futures (ETF) 2050 project by developing a set of scenarios of energy service demands, 
innovative technology options, and fuel sources.  
 
In order to further the development and demonstration of innovative technology solutions 
to reduce GHG emissions and improve air quality, the Government has created a $273 
million investment fund managed by Sustainable Development Technology Canada (SDTC). 
SDTC.  It focuses on new technologies in energy exploration and production; energy 
transmission and distribution; energy utilization; transportation; waste management; 
emissions controls; and enabling technologies. Among other technologies involved in the 
SDTC projects are: methane capture from hog manure; carbon sequestration in subsurface 
coal reservoirs to produce enhanced volumes of coal bed methane; solar energy conversion 
into warm air in buildings; multi-fuel demonstration for fuel cells’ electricity output; 
electricity and steam from waste biomass; an ultra–energy efficient switcher locomotive; 
more efficient break down of biological wastewater sludge; hybrid-electric shuttle buses; 
development of fuel cell power products for use in industrial vehicles; and carbon capture in 
flue gas.  
 

5.2.  Short-Medium Term Technology Policy 

Renewable Energy 
A $117-million Climate Change Action Fund (CCAF) was created in the 1998-1999 federal 
budget. CCAF has four components: 1) Foundation Building; 2) Technology for Early 
Action Measures (TEAM); 3) Science, Impacts, and Adaptation; and 4) Public Education 
and Outreach. TEAM received $74-million of initial funding to facilitate the deployment of 
climate change mitigation technology by the private sector. As of 2001, TEAM had 
leveraged over $390 million in private sector funding for over 50 domestic and 17 
international projects in areas such as oil sands, energy efficiency, renewables, fuel cells, and 
manure management. Specific projects include the development of a cost effective process 
for enzyme-based fuel ethanol production, hydrogen re-fuelling appliances for alternative 
fuel vehicles, and Advanced Integrated Mechanical Systems for natural gas fuelled 
appliances. 
 

                                                                                                                                                 
116 Based on the “Others” category in the IEA R&D database.  This category relates to R&D budget estimates 
for hydroelectric; hydrogen; energy technology information dissemination; and studies not related to other 
specific technology areas listed separately in the database. 
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In 2000, the Government created the Green Municipal Funds (GMF) with a $97 million 
endowment to stimulate municipal investment in innovative environmental infrastructure 
projects and practices to achieve cleaner air, water, and soil, and to protect the climate.117 
 
In 2001, the Wind Power Production Incentive (WPPI) was introduced, encouraging electric 
utilities, independent power producers, and other stakeholders to gain experience in wind 
energy. The WPPI is a $203 million endowment and is intended to support the installation 
of 1000 MW of new capacity between 2002 and 2007. New wind power projects built in this 
same period are eligible to receive a 10-year production incentive covering approximately 
half of the current cost premium of wind power over conventional power. The WPPI is 
expected to lever approximately $1.17 billion in capital investments across Canada and to 
reduce greenhouse gas emissions by 3 Mt annually by 2010. Moreover, it shall motivate 
provincial and territorial governments, electric utilities, retailers, and power consumers to act 
and participate in similar programs.  
 
The Market Incentive Program (MIP) in Action Plan 2000 provides financial incentives to 
electricity distributors to offer “green” power to their residential and small-business 
customers. The MIP will contribute up to $3.90 million of funding to electric utilities, 
retailers, and marketers for projects to develop market-based programs and promote the sale 
of electricity from emerging renewable energy sources. In addition, the Action Plan 2000 set 
out the goal to facilitate the development of hydroelectric potential and of transmission 
capacity, which could lead to reductions of approximately 5.4 Mt by 2010. 
 

Transportation 
Regarding incentives to promote automobile efficiency, Action Plan 2000, through its Motor 
Vehicle Fuel Efficiency Initiative, has targeted a 25% improvement in new vehicle fleet fuel 
efficiency by 2010. To achieve that target, the government intends to negotiate targets for 
the introduction of more fuel-efficient vehicles with automotive manufacturers. 
 

Power Generation Technologies 
Canada’s coal-burning electrical utilities and coal producers have formed the Canadian Clean 
Power Coalition (CCPC) with governmental funding to assess the technology options for 
commercial project demonstrations. The Government invested $1.29 million of the total 
$3.9 million cost of the first phase, which investigated the feasibility of building a clean coal 
plant. CCPC estimates that it will cost nearly $780 million to develop and construct two 
clean coal demonstration plants by 2012. 
 

5.3. Long-Term Technology Policy 

Carbon Capture and Storage 
A carbon capture and storage initiative was developed under Action Plan 2000 to advance 
understanding of the technique. Aware of the long-term potential of 50 Mt per year of 
carbon sequestration, the government has shown intention to work with the private sector to 
                                                 
117 Climate Change: The Federal Investment 1997 - 2002 Comprehensive Report. 
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design and implement a financial incentive program involving enhanced oil recovery 
projects.  
 

Fuel Cells 
R&D of fuel cell vehicles and other fuel cell and hydrogen technologies has received 
hundreds of millions of dollars from the private sector in recent years. The government has 
granted $62 million for R&D of fuel cells and other related technologies. There are four 
demonstration projects underway through Action Plan 2000, which are intended to provide 
knowledge about the infrastructure that would be required to fuel these vehicles and, 
thereby, further the development of the hydrogen economy in Canada. 
 

Ethanol and Bio-fuels 
Currently, 7% of the gasoline sold in the country is blended with ethanol, which has federal 
and provincial excise tax exemptions, receives federal funding for R&D, and is used in the 
federal fleet (FleetWise Initiative). Moreover, the Future Fuels Initiative shall increase 
ethanol fuel use from the current level of 240 million to 1 billion liters in 2010, enough to 
blend into 25% of total gasoline volume. In 2003, the Ethanol Expansion Program was 
launched to increase the country’s production capacity by providing up to $78 million in 
contributions directed to new ethanol production facilities over the next three years. 
 
The funding under the Ethanol Expansion Program is part of a larger bio-fuels government 
strategy including the extension of the National Biomass Ethanol Program, R&D within the 
Technology and Innovation Strategy, and an investment in biodiesel.  
 
Bio-fuels R&D have received $23 million funding towards biomass and waste conversions, 
cellulosic ethanol from biomass and other bio-fuels; bio processes; biomass production, 
harvesting and transportation; and energy from biomass. The government has also provided 
$9.3 million in support for research and demonstrations of biodiesel use and in incentives 
for industrial-scale biodiesel pilot plants.  
 
Finally, to achieve further reductions in emissions from fuel combustion, the Plan proposes 
to enhance public information programs on wise environmental choices, to work on ways to 
reach a target of 500 million liters of biodiesel production by 2010, and to increase the target 
for ethanol blending to 35% of gasoline supply.  
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UNITED STATES 
 

1.  General Overview 
The United States, which produces roughly a quarter of world GHG emissions, has stated 
that it will not ratify the Kyoto Protocol.  Prior to the Bush Administration’s rejection of the 
agreement, the US had accepted a national emission limitation of 7% below 1990 levels 
during negotiation of the Protocol. In 2001, national GHG emissions (including sinks) were 
approximately 15.6% above 1990 levels.   
 
On February 14, 2002 President Bush announced a national commitment to voluntarily 
reduce the nation’s GHG intensity by 17.5% over the next ten years.  This represents a 3.5% 
reduction from intensity improvements that were forecast to occur from 2002-2012. If this 
voluntary commitment were achieved, national GHG emissions would increase by 14% 
from 2002-2012.118 The Administration intends to achieve this objective through a 
combination of voluntary, incentive-based, and existing mandatory measures. Other 
components of the President’s strategy included improving the existing emission reduction 
registry to ensure that business and individuals reporting reductions are not penalized under 
a future climate policy and to provide transferable credits to companies that could show real 
reductions.     
 
The US has also placed strong emphasis on researching and developing advanced 
technologies to address the climate change issue.  Its Third National Communication to the 
UNFCCC Secretariat indicates that in recent years the US government has spent $1.7 billion 
annually on climate science research.119 Since 1990, the United States has provided over $18 
billion for climate related research. In addition, over the last five years, the US has provided 
over $1 billion in climate change-related assistance to developing countries.  
 

2.  Emissions Profile 
The following tables summarize the United States’ GHG emissions, emissions intensity, and 
emissions limitations. 
 

Table X. US GHG Emissions, 1990-1999 

Total US GHG Emissions Without Sequestration With Sequestration 

 Mt CO2e Mt CO2e 

1990 GHG Emissions 6,038.2 4,978.2 

1995 GHG Emissions 6,401.3 5,382.3 

Current GHG Emissions (1999)  6,746.0 5,755.7 

                                                 
118 http://pdf.wri.org/wri_bush_climate_analysis_2003.pdf 
119 U.S. Climate Action Report, 2002, Chapter 1, Introduction and Overview.  
http://yosemite.epa.gov/oar/globalwarming.nsf/UniqueKeyLookup/SHSU5BNPYJ/$File/ch1.pdf 
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Current as % of 1990 +11.7% +15.61% 

Current as % of 1995 + 5.4% + 6.9% 
 
This table shows that US emissions have risen by over 15% since 1990.   
 

Table X. US GHG Emissions Intensity, 1990-2001120 

 (Mt Carbon Equivalent per 
Thousand 1995 US$ using 
Market Exchange Rates) 

1990 GHG Emissions Intensity 0.21 

1995 GHG Emissions Intensity 0.20 

2001 GHG Emission Intensity 0.17 

2001 as % of 1990 81% 

2001 as % of 1995 85% 
 
This table shows that US emissions intensity has declined by 19% since 1990. 
 

Table X. US GHG Emissions by Sector, 1990-2001 

 Transportation121 Electric Utility122 Industrial123 

 Mt CO2e Mt CO2e Mt CO2e 

1990 GHG Emissions 1,533.7 1,785.7 1,423 

1995 GHG Emissions  1,663.0 1,844.5 1,445 

Current Emissions 
(1999) 

1,808.0 1,988.2 1,381124 

Current as % of 1990 117.8% 111.3% 99.97% 

Current as % of 1995 108.7% 107.8% 101.5% 
 

3.  Environmental Metrics 

                                                 
120 http://www.eia.doe.gov/pub/international/iealf/tableh1g.xls 
121 http://yosemite.epa.gov/oar/globalwarming.nsf/UniqueKeyLookup/SHSU5BNPYJ/$File/ch1.pdf 
122 ibid. 
123 The industrial sector encompasses the following types of activity: manufacturing (NAICS codes 31-33); 
agriculture, forestry, fishing and hunting (NAICS code 11); mining, including oil and gas extraction (NAICS 
code 21); natural gas distribution (NAICS code 2212); and construction (NAICS code 23). Overall energy use 
in this sector is largely for process heat and cooling and powering machinery, with lesser amounts used for 
facility heating, air conditioning, and lighting. Fossil fuels are also used as raw material inputs to manufactured 
products.  http://www.eia.doe.gov/glossary/glossary_i.htm 
124 
http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissionsUSEmis
sionsInventory2003.html 
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Under the Clinton Administration, the US participated in negotiation of the Kyoto Protocol 
and accepted a binding national GHG emissions limitation of 7% below 1990 levels.  
However, the Bush Administration is pursuing a non binding target to reduce the nation’s 
GHG intensity by 17.5% over the next ten years as an alternative to the Protocol. This 
would result in an increase in absolute emissions of 14% by 2012, as noted above. 
 

Emission Trends 
In 1999 total US GHG emissions were 15.6% above 1990 levels. The electricity generation 
sector accounted for the largest portion of US GHG emissions (33%). This was followed by 
the transportation sector (27%). Industrial sector emissions accounted for 18%, and the 
remaining 21% of US GHG emissions were attributable to agriculture and the residential 
and commercial sectors.  Approximately 1% of total US GHG emissions are generated in 
US territories.  
 

US Emissions Intensity Reduction Target 
On February 14, 2002, President Bush announced his strategy for addressing climate change.  
The strategy included reducing US emissions intensity by 17.5% between the years 2002-
2012. The target is to be achieved through a combination of existing regulation, voluntary 
measures, and incentive-based measures.  
 
The Bush Administration has sought to negotiate voluntary reduction agreements with key 
emitting sectors of the economy. The Department of Energy (DOE) has negotiated 
voluntary reduction agreements with the oil and gas sectors; refining; transportation; 
electricity generation; coal and mineral production and mining; manufacturing (automobiles, 
cement, iron and steel, magnesium, aluminum, chemicals, and semiconductors); railroads; 
and forestry products through its Climate Vision program. Participating sectors and 
companies have committed to reduce their GHG emissions intensity.    
 
The Environmental Protection Agency (EPA) has established the Climate Leaders program. 
Climate Leaders is a voluntary EPA industry-government partnership that encourages 
companies to develop long-term comprehensive climate change strategies. Companies who 
become Climate Leaders agree to lower their GHG emissions and establish a GHG 
inventory and monitoring system to document their reductions. The EPA provides technical 
assistance on inventories, GHG monitoring methodologies, and guidance on third-party 
verification. At present, Climate Leaders has 50 members. Approximately 15 participating 
companies have established their GHG reduction goals.    
   
The Bush Administration’s emissions intensity target has been criticized by some because 
achieving the goal would result in a minimal improvement in forecasted emissions intensity 
and a significant increase in absolute emissions of CO2.  The government’s business-as-usual 
forecasts show an approximate 14% reduction in emissions intensity by 2012. In 
comparison, between 1990 and 2000, US emissions intensity fell by 17.4%.125, 126   
 
                                                 
125 http://www.nrdc.org/media/pressreleases/020214a.asp 
126 http://www.aceee.org/press/0302carbongap.html 
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Energy Trends 
Total energy consumption in the US has increased by roughly 15% from 1990 to 2002. This 
corresponds with an approximate 14% increase in total US GHG emissions over the same 
time period.127 The breakdown of fuels used in energy production in 1990 follow: 83% fossil, 
9% nuclear, 8% renewables.128 For 2002 the equivalent figures are: 85% fossil, 8% nuclear, 
3% hydroelectric and 3% other renewables.129   Of the fossil fuels that were utilized, 46% 
was oil, 28% was natural gas, and 26% was coal. 
 

4.  Economic Criteria  

4.1.  Federal Market Formation 

Trading Systems 
Because the US has not ratified the KP and there is no domestic requirement to reduce 
GHG emissions, no systems have been developed at the federal level that would create a 
domestic GHG emissions market or facilitate US participation in the emerging international 
markets.   
 
The voluntary reporting registry established by Section 1605(b) of the Energy Policy Act of 
1992 was designed to facilitate reporting of actions that reduce, avoid, or sequester GHG 
emissions. Some observers believe that the improved reporting guidelines that were recently 
developed by the Bush Administration are consistent with the establishment of a future 
market-oriented climate policy. The goals of the new guidelines were to ensure that 
companies will not be disadvantaged in the development of future climate policy and to 
provide transferable credits to those that reported real reductions. Many companies 
interested in using the system believe that a more rigorous reporting program will provide  
an incentive to reduce emissions and report them to the registry, since the process will serve 
to validate their actions and increase the potential that they would not be disadvantaged 
under future climate policy. In addition, some companies believe that a more rigorous 
system will bolster market confidence so that they can better participate in the emissions 
market as buyers and sellers, given that more accurate information would support 
transactions.   
 

Capacity Development 
According to the US Department of State, the US government intends to spend $175 million 
for US-AID climate-related programs. Some of these funds support the transfer of advanced 
technologies to developing countries, including cleaner, more efficient energy 
technologies.130   
 

                                                 
127 Based on estimated 2002 total GHG emission and actual 1990 total GHG emissions. 
ftp://ftp.eia.doe.gov/pub/oiaf/1605/cdrom/pdf/ggrpt/057302.pdf 
128 Based on final Energy Production by Source data, 
http://www.eia.doe.gov/emeu/mer/pdf/pages/sec1_5.pdf 
129 Based on EIA energy production data, http://www.eia.doe.gov/emeu/cabs/usa.html 
130 http://www.state.gov/g/oes/rls/fs/2003/25758.htm 
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4.2.  State Measures  
Several US States have begun to develop climate policies. Several US states have either 
developed or are in the process of developing mechanisms to authorize limited GHG 
emissions and authorize trading for compliance.  
 
In Oregon, developers of new fossil-fired electricity generating units must offset a portion of 
their units’ projected GHG emissions.  To comply with this requirement, all developers to 
date have paid a fixed fee per ton of offset to a governmental entity known as the Climate 
Trust, which uses such payments to purchase offsets on behalf of the developers. Other 
states are considering adoption of similar policy.  
 
Massachusetts and New Hampshire have imposed GHG emission limitations on large 
electricity-generating units and indicated that trading will, in the future, be allowed as a 
means of compliance. At present, neither state has developed trading rules.  
 
Ten mid-Atlantic and northeastern states are exploring the potential of developing a regional 
cap and trade system to reduce emissions.  The State of California has passed a law requiring 
regulations by January, 2005, that will achieve the maximum feasible reduction of GHG 
emitted by passenger vehicles and light-duty trucks. Auto manufacturers will have to meet 
these regulations for vehicles produced in the 2009 model year and after.131 Many other 
states including California have developed registries to facilitate voluntary GHG reporting.     
  

5.  Energy and Technology Transformation 

5.1.  Summary of Research and Development Expenditures 

Table X. US Expenditures Energy-Related Research and Development132 

Technology 1990 2000 2001 2002 2001 as % of 
1990 

Renewable energy  138.985 218.01 253.149 247.357 182% 

- Wind 11.687 32.832 39.987 38.211 342% 

- Biomass 26.084 71.78 87.214 87.683 334% 

- Geothermal 24.524 24.141 27.206 27.035 111% 

- Hydro 0 5.029 5.044 4.986 100% (vs. 2000) 

- Solar 71.73 84.228 93.698 89.442 131% 

End-use efficiency133 91.14 142.172 150.252 144.127 165% 

                                                 
131 http://www.energy.ca.gov/global_climate_change/documents/ab_1493_bill_20020701_enrol.pdf 
132 million US$ (2002 prices and exchange rates), International Energy Agency, “R&D Statistics Service's 
database of government energy technology R&D budgets,” http://www.iea.org/stats/files/rd.htm 
132 Based on the “Industry” category in IEA’s R&D database 
133 Based on the “Industry” category in IEA’s R&D database 
(http://library.iea.org/rdd/eng/ReportFolders/Rfview/explorerp.asp).  This category relates to R&D budget 
estimates for reduction of energy consumption in industrial processes including combustion, development of 
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Total renewable and 
end-use efficiency 230.125 360.182 403.401 391.484 175% 

Nuclear fission/fusion 1,084.43 282.484 299.036 290.341 28% 

Power generation 
technology134 247.97 174.60 267.37 319.75 108% 

Automobile efficiency 86.025 236.674 258.199 246.135 300% 

Other (may include 
carbon capture and 
storage and fuel cell 
technologies) 135 72.497 944.514 1,211.72 1,162.15 1671% 

Total Energy R&D 3,192.66 2,345.20 2,845.29 2,847.26 89% 
 
This table indicates that support for energy R&D in the US has declined since 1990. A 
significant portion of the decline can be attributed to reduced support of nuclear activities, 
particularly for new advanced reactors. There have been increases in key categories such as 
biomass, end use efficiency, power generation, and transport technologies.    
 

Renewable Energy and Energy Efficiency 
Funding for building and industrial technologies has remained relatively constant at about 
$150 million per year. Support for renewable energy has also been consistent. Funds to 
improve the performance of biomass, solar, wind and geothermal technologies have 
remained constant at between US $200-$250 million annually. 
 

Transportation 
In 2002, the US spent approximately US $250 million on transportation technologies. Of 
this amount, a significant percentage was allocated to the President’s advanced fuel cell 
research and “FreedomCar” program. Some transportation technologies funds were also 
used to support the development and improved performance of hybrid and electric vehicles.    
 

                                                                                                                                                 
new techniques, new processes and new equipment in metallurgical, petro-chemical, chemical, glass, paper and 
pulp, textile, food industries. 
134 Based on the total funding in the following categories in IEA’s R&D database:  1) Coal Combustion 
(conventional utility boilers; fluidised bed combustion; industrial applications; integrated gasified coal combined 
cycle (IGCC); 2) Coal Conversion (coal gasification, including underground (in-situ) gasification, low Btu 
gasification, (except for IGCC) and high Btu gasification; coal liquefaction, including hydro generation, Fischer-
Tropsch synthesis; and 3) Electric Power Conversion (turbo-engines, multi-fuel gas turbines, conventional and 
combined cycles; super-conducting generating machines; magnetohydrodynamic conversion; heat/electricity 
combined production; electricity generators and components; dry cooling towers; re-powering, retrofitting, life 
extensions and upgrading of fossil fuel power plants; thermal pollution from power plants; air pollution from 
power plants; boiler R&D). 
135 Based on the “Others” category in the IEA R&D database.  This category relates to R&D budget estimates 
for hydroelectric; hydrogen; energy technology information dissemination; and studies not related to other 
specific technology areas listed separately in the database. 
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Power Generation Technology 
The US launched  the Clean Coal Power Initiative (CCPI), which co-funded by the 
government and the private sector. It is designed to develop advanced coal technologies that 
are close to commercialization. The Administration spent approximately US $150 million on 
the CCPI in FY 2002 and requested comparable funds for FY 2003 and FY 2004.136   
 

Nuclear Power 
The US greatly reduced nuclear R&D expenditures in the 1990’s. This is because work on 
advanced light water reactors (AWLRs) was completed and research into reactors that used 
plutonium was terminated because of proliferation concerns. New efforts are under way to 
develop next generation reactor and fuel cycle systems and to develop gas-cooled reactor 
systems.  
 

5.2.  Short-Medium Term Technology Policy 

Renewable Energy and Energy Efficiency 
In energy efficiency, the US has used a variety of standards programs and consumer 
awareness programs.  The US EPA and DOE created the Energy Star programs to 
encourage consumer purchase of high efficiency products. Launched in the mid 1990’s, 
these programs use a simple label to identify such products . The programs are designed to 
pull energy efficient technologies into the market through a reduction in market barriers, 
increased public recognition, and the provision of technical assistance. Typically, Energy Star 
approved homes or buildings exceed model energy codes by 35%. Other successful Energy 
Star programs include household appliances, heating and cooling systems, home electronics, 
lighting, and computers, and office equipment.137 
  
The U.S. Government has used tax credits to facilitate increased deployment of renewables.   
The production tax credit of $0.015 per kWh for wind was authorized by the Energy Policy 
Act of 1992. It has expired and been reinstated several times over the last decade. There are 
other tax credits designed to encourage solar and various forms of biomass energy.138   
   

State Energy Efficiency and Renewable Energy Policies 
As of February 2003, eleven US states have adopted renewable portfolio standards (RPS) 
that support development of renewable energy by requiring energy suppliers to deliver a 
minimum percentage of energy from renewable sources.139 Among these eleven, 
Connecticut, Massachusetts, Maine, New Jersey, and Texas have developed trading 
mechanisms to minimize the cost of achieving their RPS. It is expected that the market for 
renewables in the New England Power Pool will grow because of a more stringent RPS in 

                                                 
136 http://www.fossil.energy.gov/aboutus/budget/ 
137 http://www.energystar.gov/index.cfm?fuseaction=find_a_product. 
138 
http://www.dsireusa.org/library/includes/incentive2.cfm?Incentive_Code=US13F&State=Federal&currentpa
geid=1 
139 http://www.eia.doe.gov/emeu/cabs/usa.html 
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Massachusetts and the lack of available in-state resources to meet demand. The market is 
also expected to grow in the Pennsylvania, New Jersey, and Maryland (PJM) Power Pool due 
to increased RPS requirements in New Jersey.   
 
Twenty-four US states and the District of Columbia have created public benefit funds 
(PBFs) to support energy efficient and renewable technologies. Approximately $1 billion is 
expected to be made available from 1998-2012 for related projects and technologies.140 Such 
programs are also designed to ensure universal access to energy services. Most states fund 
their PBFs through the imposition of a surcharge on electricity bills.  
 

5.3. Long-Term Technology Policy 

Carbon Capture and Storage 
The mission of US sequestration R&D is to discover and develop ways to economically 
separate and permanently sequester GHGs that result from the combustion of fossil fuel. 
Sequestration is a key element in the President’s long-term climate change strategy. The US 
spent $44 million in FY 2003 to develop carbon capture technologies. The Administration is 
requesting $62 million in FY 2004. 
 

Coal-Based Technologies 
President Bush announced a $1 billion commitment to the FutureGen Program to create the 
world’s first zero-emissions coal-based power plant for hydrogen and electricity. The plant 
will be designed to produce electricity and hydrogen from coal while sequestering the CO2 
emissions resulting from combustion. The Department of Energy has stated that “the 275 
MW plant will serve as a large scale engineering laboratory for testing new clean power, 
carbon capture and coal-to-hydrogen technologies.” 141 The costs associated with this effort 
are shared between the government and industry. 
 

Advanced Fossil Generation Technology 
The US has other ongoing initiatives to enhance the efficiency of electricity production from 
fossil fuels. The Integrated Gasification Combined Cycle (IGCC) program spends over $50 
million per year to improve IGCC technology to lower GHG emissions associated with 
producing electricity from coal. 
 

Fuel Cell Technologies 
The Administration requested $165 million for R&D into hydrogen production, storage and 
delivery, and fuel cell development for end use applications in transport and buildings, and 
approximately $160 million for the FreedomCar program.  This is a significant increase in 
funding from the approximately $250 million spent on hydrogen technologies and 

                                                 
140 U.S. Climate Action Report 2002, Chapter 4, Policies and Measures, 
http://yosemite.epa.gov/oar/globalwarming.nsf/UniqueKeyLookup/SHSU5BNQ6E/$File/ch4.pdf 
141 http://www.fossil.energy.gov/programs/powersystems/futuregen/futuregen_factsheet.pdf 
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FreedomCar Programs in 2002.142 In addition, the President stated his intent to request an 
additional $1.7 billion over the next 5 years on his Hydrogen Fuel Initiative and the 
FreedomCar Partnership to develop hydrogen-powered fuel cells, a hydrogen infrastructure, 
and advanced automobile technologies, allowing for commercialization by 2020.143  
 

Biomass and Bioenergy Technologies 
The US Biomass R&D program focuses on advancing the development and demonstration 
of technologies for biomass co-firing and biomass gasification. Additionally, the program 
seeks to achieve cost reductions for biomass conversion and to develop the equipment and 
infrastructure needed to collect and transport biomass. In 2002, the US spent over $100 
million on biomass R&D. The FY 2004 request for biomass R&D is approximately $80 
million.   
 
 
 

                                                 
142 http://www.eere.energy.gov/office_eere/pdfs/fy04_budget_in_brief.pdf 
143 http://www.whitehouse.gov/ceq/hydrogen-fuels.html 
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JAPAN 
 

1. General Overview 
Japan’s target under the Kyoto Protocol is to reduce its GHG emissions 6% below 1990 
levels. Japan’s emissions have risen to just over 5% above 1990 levels by 2001.   
 
Japan has one of the most energy efficient economies in the world, which increases the 
difficulty of achieving  its Kyoto target. As host to the international negotiations that yielded 
the Kyoto Protocol, Japan accepted a leadership role in addressing GHG emissions. The 
Japanese government ratified the Protocol despite concerns about its possible adverse 
impacts on national competitiveness.    
 
In its initial stages, Japan’s national compliance strategy has relied heavily on voluntary 
commitments from industry. More recently, private firms have emerged as the largest private 
sector buyers of CERs from candidate CDM projects.  
 

2.  Emissions Profile 
The following tables summarize Japan’s GHG emissions, emissions intensity, and emissions 
limitations. 
 

Table X. Japanese GHG Emissions, 1990-2001144, 145 

 Without Sequestration 

 Mt CO2e 

1990 GHG Emissions 1,235 

1995 GHG Emissions 1,323 

Current Emissions  
(2001) 

1,299 

Current as % of 1990 +5.18% 

Current as % of 1995 -1.81% 
 
This table shows that Japanese GHG emissions rose through 1995 and have since fallen to a 
current (2001) level approximately 5% above 1990 levels.  

 

Table X. Japanese GHG Emissions Intensity  

 Without Sequestration 

                                                 
144 Greenhouse Gas Inventory Office of Japan 
145 The Japanese government has not finalized its accounting of sequestration. This process is to be finished in 
2005. 
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 Mt Carbon Equivalent 
per Thousand 1995 
US$ using Market 
Exchange Rates 

1990 GHG Emission intensity 0.05 

1995 GHG Emission intensity 0.06 

2001 GHG Emission intensity  0.06 

Current as % of 1990 120% 

Current as % of 1995 120% 
 
Notwithstanding small year-to-year fluctuations, Japan’s emissions intensity has remained 
roughly constant since 1990. 
 

Table X. Japanese GHG Emissions by Sector, 1990-2001146 

Transportation Transportation Electric Utility Industrial 

 Mt CO2e Mt CO2e Mt CO2e 

1990 GHG Emissions 211 296 369 

1995 GHG Emissions 249 311 380 

Current Emissions (2001) 260 315 366 

Current as % of 1990 +23.6% +6.4% -0.7% 

Current as % of 1995 +4.4% +1.3% -3.7% 
 
This table shows that emissions have risen significantly in the transportation sector. 
Emissions from the electric utility sector have increased at a slower pace, while industrial 
sector emissions have declined slightly.  
 

Table X. Japanese GHG Emission Limitations147 

Kyoto Emission target 1,161M Tonnes per year 

Current Emissions - % Over Kyoto +12% 
  

3.  Environmental Metrics 
Because Japan’s economy is already highly efficient, Japan’s Kyoto target of 6% below 1990 
poses a significant challenge. With current emissions at approximately 5% above 1990 levels, 
the country emissions are currently 11% over its target.   
 

                                                 
146 Greenhouse Gas Inventory Office of Japan 
147 ibid. 
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Voluntary Measures 
The government has adopted a series of voluntary programs as the foundation of its plan for 
achieving its national emissions limitation. To date, the government has not imposed 
mandatory emission reduction targets on any sector. Approximately 40 key industrial sectors 
made voluntary emission reduction commitments. The commitments were designed to 
reduce emissions per unit of output. The government will review progress in late 2004 and 
will then establish mandatory targets if voluntary action is determined to be insufficient. 
 
The voluntary targets were established through Japan’s primary industrial association, the 
Japanese Federation of Economic Organizations (JFEO). The targets were designed to 
return national emissions to 1990 levels by 2010.  A sample of voluntary targets follows. 
 

��The electricity generation sector agreed to achieve a 20% reduction in CO2 emissions 
per unit of output by 2010 from 1990 levels.    

��The steel sector will aim to reduce energy consumption in 2010 by approximately 
10% compared with 1990 levels and promote other energy efficiency measures.  

��The automobile sector will increase vehicle fuel efficiency and will maintain the 
amount of energy used in manufacturing at 1990 levels. 

��The chemicals sector will attempt to reduce energy input per unit of output in 2010 
to 90% of 1990 levels. 

��The oil sector will seek to reduce the amount of fuel used for transportation on both 
land and sea by 9% relative to 1990 levels. The sector will also attempt to reduce oil 
consumption by 1 million kiloliters per year through increased use of co-generation, 
and it will study of the possibility of further reducing the annual rate by 1%. 

 

4.  Economic Criteria   

4.1.  Market Formation 

Trading Policies & Simulations 
Prospects for a domestic cap-and-trade system are unclear. At present, the government has 
announced no final plans to establish a mandatory domestic trading system. In 2003, the 
Ministry of Environment (MOE) proposed a carbon tax. Other ministries opposed the 
proposal and began planning a joint working group with industry to begin development of a 
trading program that would build on learning from a set of emissions trading simulations. 
Since the spring of 2003, the MOE has been conducting a simulation of a cap & trade 
system with more than 40 participants from the private sector. The simulation involves real 
reductions by participants supported by a subsidy from the Ministry. While the actual 
reductions achieved by the participants are modest, the purpose of this simulation is to gain 
experience in emission trading.  
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Capacity Development 
The government has been encouraging private sector participation in JI and the CDM by 
providing  subsidies to assist companies in identifying potential projects abroad and to 
promote Japanese operational entities (OE’s). The government expects that credits 
generated and used by JFEO members to achieve its voluntary target shall be retired in the 
national registry.  
 
The government has also been assisting private entities to conduct feasibility studies for 
potential JI and CDM opportunities. However, the government has not subsidized 
companies’ purchase of emission reductions because it does not want to be perceived as 
subsidizing the purchase of reductions without contributing to the sustainable development 
objectives of developing countries and economies in transition.   
 
METI, through its enterprise arm called NEDO (New Energy and Industrial Technology 
Development Organization) and its research institution called GISPRI (Global Industrial 
and Social Progress Research Institute), has conducted several programs to build capacity in 
developing countries to host emission reduction projects. Some assistance has been provided 
for host countries to prepare project design documents (PDDs) that are required to gain 
approvals of CDM projects.  
 

Government Purchases 
METI has recently suggested that the government may buy emission reductions to comply 
with its obligation under the Protocol. If the government did decide to enter the market, it 
could become the world’s largest buyer.   
 

4.2.  Industrial Protection Versus Balance in Assignment of Emissions Reduction 
Responsibilities 

Japanese manufacturers are among the most energy efficient in the world. As a result, their 
marginal cost for achieving further emission reductions is estimated to be higher than their 
foreign competitors’. Thus, any additional burdens could have adverse impacts on their 
international competitiveness. This is a key reason why the Government has been reluctant 
to impose mandatory emission reductions on its industry.    
 

5.  Energy and Technology Transformation 

5.1. Summary of Research and Development Expenditures   

Table X. Japanese Energy-Related R&D Expenditures, 1990-2001148 

Technology 1990 2000 2001 2001 as % of 
1990 

Renewable energy  109.813 141.02 127.959 117% 

                                                 
148 million US$ (2002 prices and exchange rates), International Energy Agency, “R&D Statistics Service's 
database of government energy technology R&D budgets,” http://www.iea.org/stats/files/rd.htm 
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- Wind 2.913 4.871 7.778 267% 

- Biomass 6.14 0 15.793 257% 

- Geothermal 42.351 20.655 18.731 44% 

- Hydro 
0 0 0 

no funding in 
1990 or 2001 

- Solar 57.622 111.723 79.655 138% 

End-use efficiency149 0.551 466.175 488.524 88661% 

Total renewable and 
end-use efficiency 110.364 607.195 616.483 559% 

Nuclear fission/fusion 2,346.37 2,408.58 2,403.83 102% 

Power generation 
technology150 272.92 141.13 140.15 51% 

Automobile efficiency 0.236 29.562 31.974 13548% 

Other (may include 
carbon capture and 
storage and fuel cell 
technologies) 151 19.837 67.743 76.369 385% 

Total Energy R&D 2,894.64 3,406.11 3,423.38 118% 
 
This table shows that Japanese energy-related R&D expenditures have increased 18% 
between 1990 and 2001. Japan has become the world’s largest supporter of energy R&D 
over the past several years, supporting increases in all key categories of climate related 
technologies.  
 

5.2. Short-Medium Term Technology Policy 
[will provide description of Japan’s short-medium term technology policies in next draft] 
 

                                                 
149 Based on the “Industry” category in IEA’s R&D database 
(http://library.iea.org/rdd/eng/ReportFolders/Rfview/explorerp.asp).  This category relates to R&D budget 
estimates for reduction of energy consumption in industrial processes including combustion, development of 
new techniques, new processes and new equipment in metallurgical, petro-chemical, chemical, glass, paper and 
pulp, textile, food industries. 
150 Based on the total funding in the following categories in IEA’s R&D database:  1) Coal Combustion 
(conventional utility boilers; fluidised bed combustion; industrial applications; integrated gasified coal combined 
cycle (IGCC); 2) Coal Conversion (coal gasification, including underground (in-situ) gasification, low Btu 
gasification, (except for IGCC) and high Btu gasification; coal liquefaction, including hydro generation, Fischer-
Tropsch synthesis; and 3) Electric Power Conversion (turbo-engines, multi-fuel gas turbines, conventional and 
combined cycles; super-conducting generating machines; magnetohydrodynamic conversion; heat/electricity 
combined production; electricity generators and components; dry cooling towers; re-powering, retrofitting, life 
extensions and upgrading of fossil fuel power plants; thermal pollution from power plants; air pollution from 
power plants; boiler R&D). 
151 Based on the “Others” category in the IEA R&D database.  This category relates to R&D budget estimates 
for hydroelectric; hydrogen; energy technology information dissemination; and studies not related to other 
specific technology areas listed separately in the database. 
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5.3. Long-Term Technology Policy 
[will provide description of Japan’s long-term technology policies in next draft] 
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 CHINA 
1.  General Overview 
With 1.3 million citizens and an economy averaging nearly 8% annual growth in recent years, 
China is the world’s second largest GHG emitter, behind only the US. In 2001, China 
produced 13.1% of global CO2 emissions from fuel combustion.152, 153 Over the next few 
decades, continued growth in its economy and emissions will make China the world’s largest 
GHG emitter.   
 
Notwithstanding this growth in absolute levels of GHG emissions, China has achieved 
notable improvements in its energy intensity from its efforts to use energy more efficiently 
and to enhance forest cover. These efforts have helped to bring about a dramatic reduction 
in emissions intensity.154 As in most other developing countries, the policies that have helped 
to facilitate these efficiency gains were designed primarily to bring about more rapid and 
sustainable economic growth and development.    
 
China has participated in international efforts to address global climate change. It has ratified 
both the UNFCCC in 1992, and the Kyoto Protocol in 2002. China has led a bloc of 
developing countries in the international negotiations seeking to ensure that the climate 
change activities of developing countries do not result in a diversion of already committed 
overseas development assistance or inhibit development. The Chinese Government has 
established a National Coordination Committee on Climate Change (NCCC), and it has 
hosted several projects under the Activities Implemented Jointly (AIJ) emissions trading 
pilot phase. More recently, China has hosted projects that have sold GHG emission 
reductions to prominent international buyers. 
 

2.  Emissions Profile 
The following tables summarize China’s GHG emissions and emissions intensity over time.  
These are followed by a discussion of the country’s environmental performance. 
  

Table X. GHG Emissions in China 

 Without Sequestration 

 Mt (CO2e) 

1990 GHG Emissions 2195155 

Current Emissions  
(2000) 

2996.8156 

                                                 
152 Economist Intelligence Unit (2003) “China Factsheet,” CountryViews Wire. 
153 International Energy Agency (2003) Key World Energy Statistics, http://www.iea.org/statist/key2003.pdf 
154 Chandler et al. (2002) “Climate Change Mitigation in Developing Countries: Brazil, China, India, Mexico, 
South Africa, Turkey,” Pew Center on Global Climate Change, Arlington, VA, USA. 
155 Reinstein, B. (2003) “Global Climate & Energy Report No. 218,” Reinstein & Associates International, 
Rockville, Maryland, USA. 
156 Ibid. 
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Current as % of 1990 137% 
 
This table shows that GHG emissions in China have grown 37% relative to 1990 levels. 
 

Table X. GHG Emissions Intensity in China157 

 Without Sequestration 

 (Mt Carbon Equivalent 
per Thousand 1995 
US$ using Market 
Exchange Rates) 

1990 GHG Emissions intensity 1.55  

1995 GHG Emissions intensity 1.12 

Current Emissions intensity  
(2001) 

0.75 

Current as % of 1990 48% 

Current as % of 1995 67% 
 
This table shows that emissions intensity in China has fallen by more than 50% since 1990. 
 

3.  Environmental Metrics 
As indicated previously, China is the world’s second largest producer of GHG emissions. Its 
absolute emissions growth and reductions in energy intensity were spurred by a series of 
economic reforms that began approximately two decades ago. These reforms have been 
designed to increase the role market forces in its economy.  
 
Figure 1 below illustrates the sources of energy that China’s economy relies upon, and the 
sources of its emissions.   
 

                                                 
157 Energy Information Administration, United States (?) “Table H1g World Carbon Dioxide Emissions from 
the Consumption and Flaring of Fossil Fuels per Thousand Dollars of Gross Domestic Product, 1980-2001,” 
http://www.eia.doe.gov/pub/international/iealf/tableh1g.xls 
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Figure 1. Energy and Emissions in China, 1998158 

 
 
Coal, the fuel with the highest GHG intensity, dominates China’s economy. China has vast 
domestic reserves that have been instrumental in its development. Energy market 
liberalization and efforts by the Chinese government to promote reliance on cleaner energy 
sources have helped reduce coal’s share of total energy use by approximately ten percent 
since 1990. This has reduced the rate of China’s GHG emissions growth.   
 
China has also undertaken significant afforestation efforts.  These have resulted in a net 
increase in forest cover, rising from thirteen percent of the country in 1986 to seventeen 
percent in 2002.159 This sink enhancement has also helped to slow the rate of China’s net 
GHG emissions growth.  
 

4.  Economic Criteria 

International Cooperation 
The Chinese Government has worked to ensure that GHG emissions trading involving 
reductions generated in developing countries does not divert already-committed overseas 
development assistance. This effort has helped to foster the impression that it is opposed to 
or at least skeptical about emissions trading.  The government’s opposition to the so-called 
unilateral model of the CDM has also contributed to this impression.  The unilateral model 
would allow developing countries to implement their own GHG-reducing projects and to 
then sell the resulting  CERs to developed country entities without having received those 
entities’ assistance in implementing the project. China has opposed this model on the 
grounds that projects requiring no outside assistance are not truly “additional.”   
 

                                                 
158 ibid. 
159 Chandler et al. (2002) op. cit. 



 
 

69

Hosting Projects 
Developing countries that wish to participate in the CDM must ratify the Kyoto Protocol 
and create a designated national authority (DNA) for the CDM, which is responsible for 
reviewing and approving projects.160 China ratified the Kyoto Protocol on August 30, 
2002.161 Though China has not yet established a DNA it has established a climate change 
policy coordinating body, the NCCC that could serve as a DNA in the future (see further 
description below). 
 
China has hosted projects whose emission reductions were sold to prominent international 
buyers. The World Bank’s Prototype Carbon Fund will spend a total of $21.25 million on 
emission reductions generated by a coal bed methane project and a run-of-river hydro 
project in China. The Government of the Netherlands also purchased emission reductions 
worth approximately $3.5 million generated by a wind power project in China. China is also 
host to one of the seventeen projects whose baseline and monitoring methodologies are 
currently listed on the UNFCCC website as “may be approved subject to required changes.” 
China hosted four projects (three in cooperation with Japan, one with Norway) under the 
AIJ pilot phase, which was established to generate experience with GHG-reducing 
projects.162   
 

Policy Coordination 
The Chinese government has created the NCCC to coordinate its climate change activities 
and to facilitate foreign investment in GHG-reducing projects. It includes representatives of 
several Ministries and other governmental entities.   
 

5.  Energy and Technology Transformation 
Instead of expending significant resources to develop new energy technologies, the Chinese 
government has placed greater emphasis on promoting technology transfer through various 
mechanisms including the CDM and on promoting energy efficiency and the use of 
renewable energy technologies through financial incentives and policy reforms as described 
above. 

                                                 
160 Decision 15/CP.7, Principles, nature and scope of the mechanisms pursuant to Articles 6, 12 and 17 of the 
Kyoto Protocol,  http://cdm.unfccc.int/DNA/rules/modproced.html#FPART 
161 UNFCCC Secretariat (2003) “Kyoto Protocol Status of Ratification,” 
http://unfccc.int/resource/kpstats.pdf 
162 Ministry of Foreign Affairs of the People’s Republic of China (2002) “Views on Experience with the Pilot 
Phase of Activities Implemented Jointly, Submitted by China,” 
www.ccchina.gov.cn/english/source/ba/ba2003060201.htm. 
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BRAZIL 
 

1.  General Overview 
In order to achieve energy diversification and enhance its energy supply as protection against  
droughts that limit its hydroelectricity output, Brazil has taken significant actions in the areas 
of fuel switching to biomass, improving energy conservation and efficiency, and stimulating 
investment in natural gas co-generation.   
 
Despite these actions, Brazil’s current CO2 emissions from fuel consumption have increased 
over 50% relative to 1990 levels, while emissions intensity has increased 9% between 1990 
and 2001. This growth appears to be attributable to economic growth and increased reliance 
on natural gas to meet growing electricity demand. Approximately 90% of electricity is 
currently supplied by hydro.   
 
Brazil is the fifth largest emitter of CO2 among developing countries, behind China, India, 
Korea, and Mexico.163 Land use change, and deforestation in particular, accounts for two-
thirds of Brazil’s total emissions. The impact of continued deforestation threatens to 
overwhelm efforts in the energy sector to reduce the country’s overall emissions growth.    
 

2.  Emissions Profile 
The following tables summarize Brazil’s GHG emissions and emissions intensity over time.   
 

Table 1:  Brazilian GHG Emissions, 1990-2000 
 Without Sequestration164  
 Mt CO2e 

1990 GHG Emissions 203165 

1994 GHG Emissions166 236 

Current Emissions  
(2000) 

303167 

Current as % of 1990 149% 

Current as % of 1994 128% 
 
                                                 
163 Reinstein, B. (2003) op. cit. 
164 Brazil’s inventory data on net sequestration is pending due to methodological issues.   
165 CO2 emissions from fossil fuel combustion.  First Brazilian Inventory of Anthropogenic Greenhouse Gas 
Emissions, Background Reports, Greenhouse Gas Emissions from Fuel Combustion:  Top-Down Approach, 
Alberto Luiz Coimbra Institute for Graduate Studies and Research in Engineering COPPE, Ministry of Science 
and Technology, 2002 (hereafter “Top-Down”) 
166 1994 is the most recent year for which Brazilian inventory information submitted to UNFCCC is currently 
available. For consistency, the emissions intensity table also presents data for 1994 rather than 1995. 
167 CO2 emissions from fossil fuel combustion, Reinstein & Associates (2003) op. cit. 
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The data in the table indicate that national emissions have increased by approximately 50% 
since 1990. 
 

Table 2:  Brazilian GHG Emissions Intensity, 1990-2001168 

 Without Sequestration 

 (Mt Carbon Equivalent per Thousand 
1995 US$ using Market Exchange 

Rates) 

1990 GHG Emissions 
Intensity 

0.114 

1994 GHG Emissions  0.115 

Current GHG Emissions 
Intensity (2001) 

0.124 

Current as % of 1990 109% 

Current as % of 199 108% 
 
The data in the table illustrates that Brazil’s energy intensity has increased by 8% since 1990. 
 

3.  Environmental Performance 
Brazil ratified the UNFCCC in 1992 and the Kyoto Protocol in 2002. It is the fifth largest 
non-Annex I emitter of CO2.  Approximately one-third of Brazil’s emissions result from 
energy-related activities and the remainder from land use practices, primarily deforestation.  
Absolute CO2 emissions from fossil fuel combustion have increased by 49% since 1990, and 
total GHG emissions may have increased by an even greater percentage due to deforestation 
in the 1990s. A review of developing countries’ emission reduction efforts estimates that the 
country’s measures to reduce dependence on energy imports, diversify energy supplies, 
increase energy efficiency, reduce local environmental impacts, and spur social and economic 
development have reduced emissions by 73 to 92 Mt CO2e from BAU, or 19% to 23% of 
the country’s current CO2 emissions.169, 170  
 

Sector-level emissions 
As shown in Table 3, emissions from all sectors increased significantly during the 1990-94 
period covered in Brazil’s inventory submission to the UNFCCC.   
 

                                                 
168 U.S. Energy Information Administration data 
(http://www.eia.doe.gov/pub/international/iealf/tableh1g.xls) 
169 Chandler et al., “Climate Change Mitigation in Developing Countries”, prepared for the Pew Center on 
Global Climate Change, October 2002, http://www.pewclimate.org/docUploads/dev%5Fmitigation%2Epdf .  
Much of the information included here on Brazil’s emission reduction programs was derived from this report.   
170 The 19% to 23% was calculated based on the current emissions figure (303 Mt) provided in Table 1. 
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Table 3:  Sector-level emissions171 

 Energy Sector  
(Mt CO2e / % of total) 

Industry  
(Mt CO2e / % of total) 

Transport  
(Mt CO2e / % of total) 

1990 22.9 (12%) 61.3 (31%) 82.0 (41%) 

1994 25.6 (31%) 74.1 (32%) 94.3 (41%) 

% increase 12% 21% 15% 
 
Brazil derives almost half of its energy from hydropower and biomass. Over 90 percent of 
the country’s power supply is generated from hydroelectric plants and about 15 percent of 
Brazil’s total energy is derived from renewables.172 Emissions growth occurred in all 
economic sectors.  
 

Deforestation 
Because approximately two-thirds of Brazil’s CO2 emissions result from land use change, 
measures to curb deforestation are a top priority. Deforestation in the Brazilian Amazon 
over the last decade increased 32 percent. A recent report cites major causes of deforestation 
as development of the highway transportation system, settlement programs, government 
incentives for agriculture, financing of large-scale projects such as hydro dams, land 
speculation, and the logging and beef and soybean production of export-oriented 
companies.173 
 

Future Outlook  
2010 forecasts of Brazilian emissions ranged from 338 to 510 Mt CO2e, or 12% to 68% over 
current levels.174, 175 Chandler et al. (2002), who assume that current measures will continue 
over the long term, estimates 2010 emissions at 444 Mt, or 47% over current levels. The 
UNFCCC estimates that Brazil’s emission reduction efforts will avoid approximately 128 Mt 
CO2e in 2010, or approximately 29% of the 2010 emissions projection provided by Chandler 
et al.176       
 

4.  Economic Criteria 
                                                 
171 First Brazilian Inventory of Anthropogenic Greenhouse Gas Emissions, Background Reports, Greenhouse 
Gas Emissions from Fuel Combustion:  Bottom-Up Approach, Alberto Luiz Coimbra Institute for Graduate 
Studies and Research in Engineering COPPE, Ministry of Science and Technology, 2002 (henceforth “Bottom-
Up”) 
172 Chandler et al. (2002) op. cit.  
173 Ibid.. 
174 Reinstein & Associates (2003) op. cit. 
175 Government study cited in Chandler et al. (2002) op. cit. 
176 UNFCCC, Subsidiary Body for Implementation, Nineteenth session, Milan, 1–9 December 2003, “An initial 
assessment of steps taken by non-Annex I Parties to reduce emissions and enhance removals of greenhouse 
gases, “ note by the secretariat, FCCC/SBI/2003/INF.14, 20 November 2003.  Reductions are estimated for 
different mitigation activities as follows: 1) natural gas co-generation: 6.6 Mt CO2e; 2) energy conservation: 26 
Mt; 3) fuel switching to natural gas in the industrial sector: 5 Mt; 4) ethanol use:  5.1 Mt; 5) bagasse-fired co-
generation: 12.5 Mt; 6) wind power: 7.0 Mt; 7) and small-scale hydro: 10.6 Mt.   



 
 

73

Hosting Projects 
Brazil ratified the Protocol in 2002, and established its Inter-ministerial Commission on 
Global Climate Change (the “Inter-ministerial Commission”) as its Designated National 
Authority (DNA) for the CDM in 1999.177 
 
Many candidate CDM projects are planned or are already underway in Brazil. According to 
the Interministerial Commission, 50-54 projects proposals have been submitted for 
approval. Four of the nine project baseline methodologies that have been approved by the 
CDM Executive Board (EB) as of December 15, 2003 involve projects located in Brazil. 
These projects include the Salvador da Bahia landfill gas project, the Vale do Rosario bagasse 
co-generation project, the Nova Gerar landfill gas to energy project, and the Onyx landfill 
gas recovery project (reductions from which were purchased by the Dutch Government 
under its CERUPT procurement tender process).  The Dutch have also purchased tons from 
the Grupo Virgolino de Oliveira biomass projects. 
 
The EB may approve an additional three baseline methodologies from Brazilian projects in 
the near future, if required changes are made. These projects are the Granja Becker GHG 
mitigation project (animal methane emission reduction), the V&M do Brasil fuel switch 
project (for which the IFC is the major investor), and the Catanduva Sugarcane Mill project.  
In addition, the World Bank’s Prototype Carbon Fund has purchased reductions from the 
Plantar S.A. sequestration and biomass use project. 
 
On December 2nd the government issued a new resolution with the official rules and 
guidelines for project proposal submissions to the Executive Secretariat of the 
Commission.178 To date, the Commission has issued at least seven letters of “non-objection” 
to projects. The government reserves the right to review the proposals at a later date.  
However, these projects and letters must be reconsidered under the new rules. In addition, 
since the new government came into power in January 2003, there have been signs that the 
government does not plan to make CDM a priority until the Protocol enters into force. It is 
therefore unclear whether action will be taken any time soon.  
 

5. Energy and Technology Transformation 

Renewable Energy 
Brazil plans to expand its hydro capacity by 13% by 2004, and to increase output from 
thermal power plants.  These changes, and efforts to promote renewables and ensure power 
availability during droughts, are expected to lower hydro’s share of power generation from 
89% to 73%, increase thermal plants’ share from 9% to 17%, and wind, biomass and small 
hydroelectric power plants’ share from 3% to 5%.179 Hydro’s still dominant share of supply 
will mean that efforts to expand electricity supply and increase supply diversity without 
increasing electricity sector emissions will require a significant increase in other renewables.  
 
                                                 
177 http://www.mct.gov.br/clima/comunic/pdf/Resolução01ing.pdf 
178 http://www.mct.gov.br/clima/comunic/pdf/Resolução01ing.pdf  
179 Ministerio de Minas e Energia (Mining and Energy Ministry):  http://www.mme.gov.br Agencia Nacional 
de Energia Eletrica: http://www.aneel.gov.br 
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Wind power currently has a low capacity factor (25%), but has considerable potential, and 
could supplement hydropower in some regions of Brazil. Gas-fired co-generation potential is 
not fully realized due to a lack of incentives. Energy efficiency remains an extremely cost-
effective mitigation option, with average costs of $0.02-0.03 per kWh saved, versus average 
residential electricity rates of $0.08 per kWh in early 2002.180   
 

Co-Generation 
1,000 MW of bagasse-fired co-generation capacity has been developed recently. 
Approximately 40% was added from 1999-2001.181 Brazil’s PROINFA program, which 
provides incentives to alternative energy sources, seeks to increase sugar-cane bagasse fired-
co-generation capacity by 1,100 MW by 2006. Bagasse-fueled co-generation can be provided 
at costs as low as $0.03 per kWh.  
 

Energy Efficiency and Fuel Switching 
Emergency energy-saving measures were instituted in 2000, including requirements on 
households and industrial and commercial users to reduce electricity consumption by 15-
20%. An emergency power-supply program was also instituted to encourage gas use instead 
of fuel oil. Fuel switching and the building of new gas-fired co-generation plants has been 
facilitated by policies to increase natural gas imports from Brazil and Argentina, and 
providing access to the transmission grid to independent power producers.  
 
The National Electricity Conservation Program (PROCEL) – a governmental program with 
wide-ranging activities and responsibilities -- was created in 1985. It funds or subsidizes 
utility demand-side management, direct implementation of efficiency measures, and technical 
support.182 In 2001, with support from PROCEL, mandatory appliance and lighting 
standards were enacted. PROCEL seeks to reduce electricity consumption and supply-side 
losses by an amount equal to 2.5% of Brazil’s consumption by 2003, and is on-track to meet 
its target.  
 

Transportation 
Brazil launched its National Alcohol Fuel Program (PRO-ALCOOL) in 1975 to promote 
ethanol production from sugar cane bagasse (a biomass waste product in Brazil’s alcohol 
production industry) as a substitute for gasoline. As the international price of sugar was very 
low, the program, which offered incentives and price support for ethanol production, was a 
relatively cost-effective means of improving energy security and reducing environmental 
impacts. Ethanol-fueled cars accounted for 90% of new car sales from 1985 to 1990. This 
figure plummeted in the late 1990s to nearly zero in response to rising sugar prices and 
resultant ethanol shortages and price increases. Ethanol is now used mainly as a gasoline 
additive. Roughly one-quarter of gasoline sold today contains ethanol in a blend required by 

                                                 
180  Chandler et al, op. cit. 
181 Information on co-generation and other mitigation measures were sourced mainly from Chandler et al, op. 
cit. 
182 “General Description of Steps Taken or Envisaged to Implement the Convention,” 
http://www.mct.gov.br/clima/comunic_old/pdf/dppti.pdf 



 
 

75

law to control local air pollution. Also, in 1993, the government introduced a tax incentive to 
encourage the penetration of smaller, less emissions-intensive cars (cars with engines less 
than 1 liter in size).  
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MEXICO  
 

1.  General Overview 
Mexico was the first large oil-exporting country to ratify the Kyoto Protocol and the first 
developing country to submit two National Communications to the UNFCCC. Total GHG 
emissions including net sequestration emissions have increased 41% since 1992. Land use 
change accounts for approximately 30% of total emissions. The country’s emissions intensity 
has decreased 18% since 1990, although it is not clear that this reduction can be attributed to 
emission reduction efforts, which have been modest.  
 
Challenges to limiting emissions growth include: (1) projected annual electricity demand 
growth of 6.7%; (2) political and financial barriers to rapidly increasing natural gas’ share of 
domestic fuel consumption; (3) infrastructure; and (4) market failures, and ill-defined 
property rights in the forestry sector. It is also possible that fewer cheap abatement 
opportunities exist in Mexico than in other developing countries. 
 

2.  Emissions Profile 
The following tables summarize Mexico’s GHG emissions and emissions intensity over time.   
 

Table 1:  Mexican GHG Emissions 

 Without Sequestration With Sequestration 

 Mt CO2e Mt CO2e 

1990/1992 GHG 
Emissions 

1992:  317 (CO2 from consumption, flaring 
of fossil fuels)183 
 

1990:  525 (all GHGs)184 

1995/1996 GHG 
Emissions 

1995:  319 (CO2 from consumption, flaring 
of fossil fuels)  
 

1996:  686 (all GHGs) 185 186 

Current 
Emissions  
(2001) 

2001:  353 (CO2 from fuel consumption, 
flaring of fossil fuels)  

1998:  739 (all GHGs) 187 (SNC) 

Current as % of 
base year 

11% increase 1992-2001 41% increase 1990-1998 

                                                 
183 Emissions data on CO2 emissions from fossil fuel consumption and flaring obtained from U.S. Energy 
Information Administration data, http://www.eia.doe.gov/emeu/iea/tableh1.html 
184 Chandler et al, op. cit.  
185 Mexico’s Second National Communication (SNC) to the UNFCCC, 
http://unfccc.int/resource/docs/natc/mexnc2.pdf. 
186 Chandler et al note that this figure could be affected by changes in the measurement methodology employed 
by the Mexican Government incorporated in this year’s estimates. 
187 1998 estimates from Mexico’s SNC were adjusted to include net sequestration, and net sequestration data 
from 1996 was used as a proxy.    
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Current as % of 
1995/1996 

11% increase 1996-1998 8% increase 1996-1998 

 
This table shows that Mexico’s total GHG emissions have increased by approximately 41% 
relative to 1990.   
 

Table 2:  Mexican GHG Emissions Intensity188  

 Without Sequestration 

 (Mt Carbon Equivalent per 
Thousand 1995 US$ using 
Market Exchange Rates) 

1990 GHG Emission 
intensity 

0.316 

1995 GHG Emission 
intensity 

0.303 

Current Emission intensity 
(2001) 

0.258 

Current as % of 1990 82% 

Current as % of 1995 85% 
 
This table shows that Mexican GHG emissions intensity has declined by 18% relative to 
1990. 
 

3.  Environmental Performance 
Mexico is the fourth largest CO2 emitter among developing countries, behind China, India 
and South Korea. Key factors driving the increase in Mexico’s emissions include population 
growth, economic development, energy sector growth, and land use policies. During the 
1990-2001 period, GDP grew 40%,  per capita GDP increased by 14%, energy consumption 
grew 21%, and energy production grew 24%.189, 190, 191, 192, 193 During the same period, 
emissions intensity declined 18% (see Table X) and total GHG emissions increased 41% (see 
Table X).     
 

Sector-Level Emissions   
As shown in Table X below, in 1994, net emissions from land use, land use change, and 
forestry (LULUCF) were the largest contributor to national emissions, accounting for 30% 
                                                 
188 U.S. Energy Information Administration data 
(http://www.eia.doe.gov/pub/international/iealf/tableh1g.xls) 
189 http://www.eia.doe.gov/pub/international/iealf/tableb2.xls   
190 Chandler et al, op. cit.  A significant portion of information that follows was derived from Chandler et al.  
When other information sources are used, they are cited.  
191 http://www.eia.doe.gov/pub/international/iealf/tableb2c.xls 
192 http://www.eia.doe.gov/pub/international/iealf/tablee1.xls 
193 http://www.eia.doe.gov/pub/international/iealf/tablef1.xls. 
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of the total. Deforestation, due to such factors as expansion of cattle ranching, is a key 
factor.194 Transportation accounted for 19% of total GHG emissions, electric utilities for 
16%, and industry for 26%. Emissions grew most rapidly in the electric utility sector, which 
experienced a 21% increase, or 5.25% annually. From 1994 to 1998, overall industrial 
emissions increased 15% (3.75% per year), with industrial process emissions increasing 
particularly rapidly (20%, or 5% per year).  Emissions from the transportation sector, which 
is dominated by trucks, buses and small vehicles, increased 5% (1% per year).195   
 
Mexico’s Second National Communication (SNC) also notes that consumption of energy in 
the transport sector increased by 20% from 1990-98, and emissions resulting from leaks of 
methane in the oil and natural gas system increased 26% from 1990-1998.   
 

Table X:  Sector-Level Emissions Data, Mexico196 

 Total 
GHG 

Total 
GHG 

other than 
net 

emissions 
from 

forests, 
land use, 
land use 
change 

Transportation Electric 
Utility 

Industrial 
(combustion, 
fugitives and 

process 
emissions) 

Net 
emissions 

from forests, 
land use and 

land use 
change 

 Mt CO2e Mt CO2e Mt CO2e / % of 
total GHG 

Mt CO2e / 
% of total 

GHG 
Mt CO2e / % of 

total GHG 
Mt CO2e / % 
of total GHG 

1994 GHG 
emissions 
(earliest data 
with sector-level 
data)197 

529 372 103 (19%) 84 (16%) 137 (26%) 157 (30%) 

1998 GHG 
emissions (most 
current data) 

582 425 108 (19%) 102 (17%) 158 (27%) 157 (27%) 

Current as % of 
1994 +10% +14% +5% +21% +15% 198 Unchanged 

 

                                                 
194 Chandler et al, op. cit.  Other factors could include clearing forests to serve local fuel needs.  In 1990, 31% 
of the Mexican population used firewood for cooking. 
195 Ibid.  
196 SNC 
197 Mexico’s SNC to the UNFCCC, http://unfccc.int/resource/docs/natc/mexnc2.pdf.  Data for 1994, 1996 
and 1998 were provided in the report.  For net emissions from forests, land use and land use change, we use 
data from 1996 (data for other years not available).  % of total GHG emissions are calculated using this data. 
198 Industrial process emissions increased 20% from 1994-1998. 



 
 

79

Energy Sector 
In 2000, oil accounted for 53% of energy consumption, followed by natural gas at 30%, 
biomass at 6%, coal at 4%, hydro at 4%, and geothermal plus wind at less than 1%.199  
Petróleos Mexicanos (PEMEX), the state-owned oil company, which has a monopoly on 
crude oil and gas extraction in Mexico, dominates the energy sector. PEMEX is the 5th 
largest oil company in the world.200 While Mexico’s gas production is expected to grow over 
6% per year, its domestic gas demand is forecast to increase 8% per year.201 Expansion of 
domestic natural gas use is a priority of President Vicente Fox’s administration, but is 
constrained by the costs associated with building the necessary infrastructure. The availability 
of relatively affordable fossil fuels has also restricted the expansion of renewable energy, 
though there are plans to promote the development of renewable energy. By contrast, there 
are no plans to expand the use of nuclear power.  
 
Electricity demand is forecast to grow by 6.7% annually beginning in 2003. Mexican energy 
policy calls for the conversion of oil-fired plants to gas and the use of natural gas combined 
cycle technology for new installed capacity. Most new plants are expected to be fueled by 
natural gas.202 Approximately 2,530 MW of gas capacity were installed in 2000 and gas 
capacity is projected to increase to over 24,000 MW in 2010, an 868% increase.  
 

Abatement Efforts 
Chandler et al.(2002) provides several estimates of emission reductions relative to BAU 
resulting from various actions. Policies and measures to fuel-switch to natural gas and 
promote energy efficiency reduced GHG emissions by approximately 37 Mt CO2e per year, 
or about 10% of 1995 CO2 emissions from fuel combustion and flaring. In 1999, demand-
side efficiency and clean energy project savings reduced emissions in Mexico by 2.1%.  
PEMEX reduced its emissions by about 40 Mt CO2e per year through energy saving 
programs. Rural programs to install greater energy efficiency stoves are estimated to have 
reduced emissions by 24 Mt CO2e over the past 5 years. Finally, in 1997 to 2000, forest 
reclamation permitted capture of approximately 12 Mt CO2.  However, Chandler et al. (2002) 
describes overall mitigation results for Mexico as modest. 
 

Forecasts 
Two recent emissions forecasts for 2010 offer a range of potential increases. One forecast 
estimates a 34.3% to 45.5% increase over 1990 emissions from fuel combustion, or an 9% to 
18% increase from 2000 levels.203 A second study projected a 149% increase in CO2 
emissions from fuel combustion relative to 1990 levels, a 33% decrease from land use and 
forest changes, and a net increase of 69%.204 Mitigation strategies were identified that could 

                                                 
199 Chandler et al. (2002) op. cit. 
200 U.S. Energy Information Administration, Mexico Country Brief, 
http://www.eia.doe.gov/emeu/cabs/mexico.html.) 
201 Ibid. 
202 US EIA Mexico Country Brief, op. cit.  
203 Reinstein & Associates (2003) op. cit.   
204 Masera, O., and C. Sheinbaum. 2000. “Mitigación de Emisiones de Carbono y Prioridades de Desarrollo 
Nacional.” Institutos de Ingeniería y Ecología, Universidad Nacional Autónoma de México (UNAM). 
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reduce emissions 45% below the 2010 BAU projection, or to a level close to that of 1990.  
Mexico’s SNC estimates the country’s climate change mitigation potential is 393 Mt CO2e in 
2010, representing a reduction of about one-third from fuel combustion and two-thirds from 
the forestry sector.205 
 

Political Barriers   
Oil and gas development and power production are subject to constraints on private sector 
participation. Amendments to the Mexican constitution would be necessary to expand 
private participation in energy production and distribution.  This remains a contentious 
issue. Proposals have been put forward that would allow private investors to build power 
plants that would compete with the state-owned Federal Electricity Commission to supply 
large industrial customers. These proposals have not been adopted. However, the Second 
National Communication to the UNFCCC Secretariat does note that the scope of private 
intervention has increased in natural gas distribution, co-generation, and self-generation.   
 
In the forestry sector, Chandler et al. (2002) note that lack of investments and infrastructure, 
market failures, ill-defined property rights, and other factors may prevent the full realization 
of mitigation options in the sector. This is particularly important in light of the relative 
quantity of reductions that could come from forest management (over three times the size of 
the next-largest mitigation option, switching to gas in the power sector).   
 

Future Outlook 
Emission reductions in Mexico may require more effort than in other developing countries.  
One study concluded that negative cost options, abundant in other developing countries, are 
not easily found in Mexico.206 In addition, prices for industrial electricity are among the 
highest in Latin America, and gasoline prices are higher than those in the U.S. Thus, options 
for raising energy prices and thereby reducing demand in those sectors may be limited. While 
the paper cites significant potential for renewable energy, it is not clear whether this potential 
will be developed in the short term.   
 

4.  Economic Criteria 

Building Institutional Capacity 
Developing countries that wish to participate in the CDM must ratify the Kyoto Protocol 
and designate a national authority for the CDM that is responsible for reviewing and 
approving projects.207 Mexico ratified the Protocol in 2000, but has yet to establish an official 
DNA. Currently, the Secretariat of the Environment and Natural Resources (SEMARNAT), 
the Secretariat of Energy, and the Foreign Ministry are part of an Inter-Ministerial 

                                                 
205 Chandler et al. (2002) op. cit. 
206 Sathaye, J.A. et al. 2001. “Carbon Mitigation Potential and Costs of Forestry Options in Brazil, China, 
India, Indonesia, Mexico, the Philippines and Tanzania.” Mitigation and Adaptation Strategies for Global 
Change 6: 185-211. Kluwer Academic Publishers: The Netherlands. 
207 Decision 15/CP.7, Principles, nature and scope of the mechanisms pursuant to Articles 6, 12 and 17 of the 
Kyoto Protocol,  http://cdm.unfccc.int/DNA/rules/modproced.html#FPART 
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Committee on Climate Change that meets regularly to formulate Mexican climate change 
policy. The government is working though the SEMARNAT to develop project baselines 
and establish interim rules for the CDM.  
 
The government is particularly interested in developing domestic CDM projects in energy 
efficiency, fuel switching, and renewable energy. The Secretariats of Energy and 
Environment have hosted various events and conferences targeted at encouraging investors 
to participate in CDM. They have developed courses in which they have directly assisted 
project developers in developing baselines and writing Project Idea Notes that could 
subsequently be sent to GHG buyers, brokers, or multi-lateral organizations to seek investor 
funding. To date, the government has provided 7 non-objection letters for various types of 
projects, including hydroelectric, co-generation, wind, and energy efficiency, which market 
participants view as a positive sign of support for the CDM process.   
 

Hosting Projects 
Mexico’s El Gallo hydroelectric project was one of the nine projects whose baseline 
methodologies was been approved by the CDM EB as of December 15, 2003. Mexico also 
hosted the INELEC hydro project, from which the World Bank’s Prototype Carbon Fund 
(PCF) has purchased approximately 1.3 Mt of reductions, and the Fuerza Eolica wind 
project, from which the Fund has purchased approximately 2 Mt of reductions. 
 
The SNC highlighted the Ilumex project, an AIJ project that improved energy efficiency as a 
result of changing from incandescent to compact fluorescent lighting. From 1995-1998 the 
project produced 170,000 tons of CO2e reductions. The report notes that this and other 
projects initiated under the U.S. Initiative on Joint Implementation (USIJI) could be the first 
Mexican projects presented to the CDM EB for approval. 
 

Internal Corporate Trading 
PEMEX established a voluntary internal emissions trading system, the first established by a 
large enterprise in a developing country. Internal trades of over 3 Mt with a shadow price of 
nearly $19 million have been made to meet internal targets.  
 

5. Energy and Technology Transformation 
Issues relating to compliance flexibility, capital structure considerations, industrial protection 
and long-term R&D are less relevant for developing countries such as Mexico in which 
development goals tend to take precedence.  
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INDIA 
 

1.  General Overview 
India ratified the UNFCCC on November 1, 1993 and the Kyoto Protocol on August 26, 
2002. As a non-Annex I Party, India is not required to adopt GHG reduction targets.  
 
Though India’s GHG emissions  have grown significantly since 1990, the rate of growth in 
energy-related CO2 emissions was reduced over the last decade through economic 
restructuring, enforcement of existing clean air laws, and increased use of renewable 
energy.208 Because Indian industry is still highly energy intensive compared to industrialized 
countries, there is considerable room for improvement.  
 

2.  Emissions Profile 
The following tables summarize India’s GHG emissions and emissions intensity. 
 

Table X. Indian GHG Emissions209 

 Without Sequestration 

 Mt CO2e 

1990 GHG Emissions 675.75   

1995 GHG Emissions 908.19  

Current Emissions (2000) 1,071.64 

Current as % of 1990 159% 

Current as % of 1995 118% 
 
This table shows that Indian GHG emissions have increased by approximately 60% since 
1990. 
 

Table X. Indian GHG Emissions Intensity210 

 Without Sequestration 

 (Mt Carbon Equivalent 
per Thousand 1995 
US$ using Market 
Exchange Rates) 

1990 GHG Emissions Intensity 0.55 

1995 GHG Emission Intensity 0.62 

                                                 
208 Chandler et al. (2002) 
209 Carbon Dioxide Information Analysis Center, http://cdiac.esd.ornl.gov/ftp/trends/emissions/ind.dat 
210 IEA Table, http://www.eia.doe.gov/pub/international/iealf/tableh1g.xls 
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Current Emissions Intensity  
(2001) 

0.50 

Current as % of 1990 90.1% 

Current as % of 1995 80.6% 
 
This table shows that emissions intensity has improved 10% relative to 1990. 
 

3.  Environmental Metrics 

Various attempts have been made over the last 10 years to provide an estimate of GHG 
emissions from India. These included the India Country Report, conducted by the Asian 
Development Bank, which provided an inventory of emissions from the energy, industry, 
and agriculture and forestry sectors. 211 TERI listed the activities that are primary sources of 
GHGs in India and their relative contributions to global emissions, and calculated the 
country’s emissions in 1990 as 532 Mt CO2e.212 Recent analysis by the Carbon Dioxide 
Information Analysis Center, Oak Ridge National Laboratory estimates India’s 1990 GHG 
emissions were 675.8 Mt resulting from fossil-fuel combustion, cement manufacture and gas 
flaring.213 Another inventory places India’s 1990 GHG emissions in 1990 1,001 Mt CO2e.214  
 
According to the Carbon Dioxide Information Analysis Center, India’s carbon emissions 
have grown by 59% percent since 1990. The WRI Earth Trends Country Profiles estimates 
the increase at approximately 57%.215  
 

Sector-Level Emissions 
The table below shows Indian GHG emissions by sector. 
 

Table X. Indian GHG Emissions by Sector216 

 Electric Utility Transportation Industry 

                                                 
211 ADB (1994) “Climate Change in Asia: India Country Report,” Regional Study on Global Environmental 
Issues 
212 TERI (1990) “Report on global warming and associated impacts: phase I,” Submitted to the Ministry of 
Environment and Forests. Report no. GW/004 
213 http://cdiac.esd.ornl.gov/ftp/trends/emissions/ind.dat  
214 ADB (1998) Asia Least Cost GHG Abatement Strategy, 
http://www.adb.org/Documents/Reports/ALGAS/ind/default.asp  
215 http://earthtrends.wri.org  
216 It should be noted that the data presented here comes from two different studies. The 1990 and 1995 data 
in the table come from the summary of sectoral emissions estimates in the ALGAS study, which covers CO2 
only. Here much of the data comes from annual reports of the ministries concerned and are for the Indian 
financial year (1 April – 31 March). Thus for the base year 1990, data used are actually for the financial year 
l989/90 or 1990/91. The Industry sector covers non-energy and cement.  The 1999 data is from the WSI 
Energy Trends Country Report for India. The data for the Power Sector is based differently to the ALGAS 
study and covers CO2 emissions from public electricity, heat production, and auto producers. These include the 
sum of emissions from combustion of all fossil fuel types used for public electricity generation, public 
combined heat and power generation, and public heat plants. CO2 emissions in the industrial sector from this 
source include emissions from manufacturing construction, and combustion of fossil fuels. 
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 Mt CO2e 

1990 GHG Emissions 175 86.2 207.9 

1995 GHG Emissions 263 103.7 261.5 

Current Emissions 
(1999) 

464 126 205 

Current as % of 1990 265% 146% 99% 

Current as % of 1995 176% 122% 78% 
 
These data show that emissions from the power and transport sector are driving the growth 
in India’s overall emissions, although the power sector’s emissions are far higher in absolute 
terms and have grown much more rapidly.   
 

Energy Sector 

India’s economy grew at a rate of almost 6.6% per year during the 1990s, nearly doubling in 
size over that time. Energy use grew even faster, at a rate close to 7% on an annual basis. 
Electric power demand has grown still faster, on the order of 8% per year. While these 
trends contrast with China’s, where both power and energy have grown more slowly than 
the economy, India’s per capita electricity use averages only one-half that of China, and is 
one-sixth of the world average. As a result, per-capita electricity consumption is likely to 
increase. 
 
India’s large emissions growth can be attributed to increased energy use to support 
economic growth and a heavy reliance on coal. Coal currently remains the dominant fuel 
source and is expected to meet approximately half of India’s electricity demand until 2010. 
Gas is expected to play an increasing role in meeting India’s future fuel requirements. 
 
The Asia Least-Cost Greenhouse Gas Abatement Strategy (ALGAS), projected energy-
sector emissions of at least 1,555 Mt CO2e in 2010, over 1.5 times the current level. TERI 
and the National Physical Laboratory (NPL) developed independent projections of GHGs 
emissions for the energy sector to 2020. Projections of CO2 emissions from the energy 
sector for 1990-2020, prepared by TERI using the MARKAL Model, are shown below. 
 

Table X. Indian Energy Sector GHG Emissions 

1990 2000 2010 2020 

532 973 1,555 2,308 
 

4.  Economic Criteria 

Institutional Capacity 
A National Strategy Study (NSS) for the CDM in India has been initiated to assess the issues 
and opportunities presented by the international GHG market and to evaluate processes and 
methodologies to facilitate implementation of the CDM in India. The study is being 
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conducted by TERI, with Swiss consultants providing inputs as required. The Government 
of Switzerland and the World Bank launched the NSS Program in 1997. The objective of 
this program is to build capacity in JI and CDM host countries 
 

Hosting Projects 
The Ministry of the Environment and Forests established an AIJ Task Force in 1996 that 
consisted of representatives from several government departments and non-governmental 
organizations. The purpose of the task force was to consider AIJ proposals submitted to the 
Government of India and to act as an effective interface between investing and host parties 
and their governments. Indian ratified the Kyoto Protocol on August 26, 2002. Though it 
has not yet established a DNA, India hosts several projects that have sold emission 
reductions under the Dutch CERUPT program and to various private buyers. 
 

5.  Energy and Technology Transformation 

Renewable Energy 
In 1992, India's installed capacity of small-scale hydroelectric plants was 93 MW. By 1999, 
there was a combined capacity for all plants of 155 MW, with work in progress to bring that 
total to 230 MW. Hydropower growth forms a major part of the Indian Government’s plans 
to meet 10% of incremental power additions by 2012 through renewable sources. India is 
also endowed with significant wind resources and currently is ranked fifth in the world in 
wind power generation. India's wind power capacity has been growing by about 150-200 
MW annually. As of December 31, 2000, total installed wind power capacity had reached 
1,267 MW, which represents an increase of 187 MW from the previous year. Of this 
capacity, approximately 95% came from commercial projects based on private investments.  
 
The Indian Ministry of Non-Conventional Energy Sources has created a fund for supporting 
activities in the non-conventional energy industry and the country's various R&D institutes, 
which aims for commercialization of new technologies. This $438,000 Non-Conventional 
Energy (NCE) Technology Commercialization Fund aims to encourage the development of 
NCE systems in the country and promote their uptake.217 
 

Transport 
Increased concern about air quality prompted the introduction of performance standards to 
limit emissions from the transport sector in 2000. The report of the Expert Committee on 
Auto Fuel Policy also recommended the establishment of a National Automobile Pollution 
and Fuel Authority (NAPFA), to be empowered by Parliament and be provided with the 
authority to enforce vehicular emissions and fuel quality regulations. 
 
In Delhi, 84,000 public vehicles, including all buses, taxis, and three-wheeled vehicles, were 
converted from gasoline and diesel to compressed natural gas (CNG) by April 1, 2001. This 
rapid achievement, accomplished in approximately one year, was mandated by the Indian 
Supreme Court in response to a lawsuit filed by a non-governmental organization seeking 
                                                 
217 http://www.jxj.com/magsandj/rew/news/2001_05_04.html 



 
 

86

enforcement of clean air laws. Though the compliance cost per vehicle was relatively high—
up to $300 for a three-wheel vehicle and $1,000 for a car—the policy has been applied 
uniformly and effectively. The mandate is unlikely to be replicated in other cities due to its 
cost. It has been reported that this ruling, led to the elimination of some 15,000 taxis and 
10,000 buses from the city, creating public protests, riots, and widespread commuter chaos.  
As a result, the Supreme Court recently lifted the ruling.  
 

Biomass and Co-Generation 
The Biomass Power/Co-generation Programme aims to establish techno-commercial 
feasibility and viability of power generation from biomass materials. 218 Through this 
programme the Ministry of NCES provides financial incentives including subsidies for 
commercial biomass/bagasse co-generation projects; biomass power projects including 
captive power projects (Direct Combustion & Atmospheric Gasification); advanced biomass 
gasification projects; and industrial co-generation.   
 

Fuel Switching 

Restructuring of the coal sector has yielded significant emissions reductions.  Historically, 
subsidies for coal production encouraged its use. Price reforms have reduced subsidies, 
bringing the coal price closer to world levels. Technology development in the energy sector 
has also contributed to a series of small but notable reductions in emissions growth. The 
increasing penetration of natural gas in recent years has helped to reduce the carbon intensity 
of electric power generation. Also, improvement in the combustion efficiency of 
conventional coal technologies and improved efficiencies in coal-fired power plants slowed 
GHG emissions growth. 
  

 

                                                 
218 http://www.mnes.nic.in/frame.htm?majorprog.htm 
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Introduction 
 
The following deliverable is “Task 3” of Natsource’s scope of work to analyze for the 
Commission the impacts of seven developed countries’, the EU’s, and four developing countries’ 
national responses to climate change, and to compare their relative performance.  The countries 
considered are Germany, the UK, Spain, the Netherlands, Canada, the U.S., Japan, China, Brazil, 
Mexico and India.  The objectives of the analysis are to enable the commission to: (1) evaluate 
the impacts of existing climate policy; (2) be current with those under development; and (3) form 
the basis to evaluate the development of U.S. climate policies and the context in which they will 
be made.   
 
Task 3 builds on previous Tasks in the analysis to provide quantitative and qualitative scoring of 
countries’ performance.  In Task 1, Natsource developed an analytical framework for evaluating 
countries’ relative performance against specific criteria and metrics discussed below.  In Task 2, 
Natsource provided a high-level country-by-country summary and analysis of national responses 
to climate change.  Information provided in Task 2 addressed elements of the analytical 
framework developed in Task 1 in order to facilitate comparisons in Task 3.  Specifically, 
information was provided that allowed for the scoring of countries’ performance against the 
following criteria and metrics:  

 
• Environmental metrics (e.g. current emissions compared with 1990 emissions and with 

emissions targets under the Kyoto Protocol, if applicable; and emissions intensity 
improvements);  

• Economic performance criteria (e.g. GHG market formation efforts, market participation, 
policies on compliance flexibility); and  

• Technology performance criteria (e.g. support for short- and medium-term improvements 
in renewables technology, end-use efficiency, power generation technology and 
automobile efficiency; and support for long-term R&D in carbon capture and storage, 
fuel cells, and biomass energy technologies – key technologies that will need to be 
developed to address climate change over the longer-term).   

 
The Task 3 deliverable presented below applies the analytical framework developed in Task 1 to 
the policy responses of countries assessed in Task 2, and scores countries’ performance, using 
qualitative and quantitative information, against the three categories of metrics and criteria.  As 
discussed in greater detail under each category of criteria/metrics, information from Task 2 is 
summarized and supplementary information is provided in order to explain (and to make more 
transparent) the rationale employed in assigning scores of 1 to 5, with 5 being the highest level of 
progress or effort.  We state at the beginning of this exercise that scoring inevitably involves a 
certain degree of judgment, and specific scores can certainly be debated.      
 
One area in which a divergence of opinion has emerged is whether specific countries’, and the 
EU’s, emissions targets under the Kyoto Protocol (KP) were and are equitable, and the relative 
effort that different countries will need to undertake to meet their targets.  In particular, it is often 
noted that the EU’s target of 8% below 1990 levels under the KP is not nearly as stringent as it 
may seem when considering the impact of German reunification and the extensive fuel switching 
from coal to gas in the UK power sector on EU emissions.  Accordingly, in addition to providing 
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data on countries’ environmental performance and forecasted performance, Task 3 identifies and 
assesses the impacts of key drivers of countries environmental performance.     
 

I. Scoring Based on Environmental Metrics 
Table 1 summarizes data from Task 2 on each country’s environmental performance.  All 
categories of environmental metrics included in the Task 1 analytical framework are provided 
here, with the exception of co-benefits.  As discussed with the Commission, information that 
Natsource was able to identify on countries’ SO2 and NOx emission reductions typically did not 
distinguish between reductions achieved due to GHG policies and those due to other programs.  
As a result, data on co-benefits of GHG policies were insufficient to include in this analysis.     
 
As discussed in the key findings following the table, countries’ performance must be considered 
within the context of the circumstances under which reductions were (or weren’t) achieved.  In 
the EU, if the emission reductions due to German reunification and fuel switching from coal to 
gas in the UK were not counted, EU emissions would be at approximately 1990 levels, rather 
than 4% below 1990 levels, as shown in the table. If the UK and Germany’s emissions were not 
considered, EU emissions would be 7.5% over 1990 levels.  On the other hand, reducing EU 
emissions even to 1990 levels required significant effort, and neither Canada (currently at 18% 
above 1990 levels) nor the U.S. (currently at 12% above 1990 levels) can claim similar results.  
Japan’s emissions are currently 5% above 1990 levels, and stringent measures beyond voluntary 
agreements with industrial emitters have yet to be put in place.   
 
Scoring for countries reflects their domestic emission reduction actions to date, given that most 
reductions to date have been through domestic actions.  (One exception is the Netherlands, which 
has already made significant purchases to date, as discussed in the key findings below.)  Scores 
do not reflect projected international purchases necessary to meet KP targets.  However, if this 
scoring were revisited in the future, and if by that time countries that ratified the Kyoto Protocol 
(KP) had made significant purchases to meet their obligations, we would assign higher scores to 
those countries to reflect their overall environmental performance, including international 
purchases.
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Table 1: Summary of Environmental Performance Data, and Scoring Based on Environmental Metrics 

Environmental Metrics 
 EU Germany UK Spain Netherlands Canada U.S. Japan China Brazil Mexico India 
1990 GHG emissions (Mt 
CO2e) without and with 
sequestration 

4199 
(without) / 

4007 (with) 

1,223 / 
1,189 742 / 751 306 / 278 216 / 214 608 / 501 6,038 / 

4,978 
1,235 

(without) 
2,195 

(without) 
203 

(without) 

317 
(without) 
(1992) 

676 
(without) 

Current emissions without 
and with sequestration 
(2002 or most recent 
available) 

 
4030 / 3836 

(1999) 

991 / 975 
(2000) 

 

637.9/ 
642.6 
(1999) 

380 / 351 
(1999) 

 

230 / 228 
(1999) 

 

720 / 684 
(2001) 

6,746 / 
5,756 
(1999) 

1,299 
2,997 
(2000) 

 

303 
(2000) 

353 
(2001) 

1,072 
(2000) 

 
Current emissions: % of 
1990 levels 96% / 96% 81% / 82% 86% / 

86% 
123% / 
126% 107% / 107% 118% / 

136% 
112% / 
116% 105% 137% 149% 

111% 
(1992-
2001) 

159 

1990 GHG emissions 
intensity (Mt CO2e per 
unit of output) without and 
with sequestration 

2.35 1 0.09 0.16 0.11 0.16 0.239 0.21 0.0545 1.55 0.114 0.316 0.55 

Current emissions 
intensity without and with 
sequestration (2002 or 
most recent available) 

2.17 
(2000) 

 

0.08 
(2001) 

 

0.12 
(2001) 

 

 
0.11 

(2001) 
0.12 (1999) 

 
0.217 
(2001) 

0.17 
(2001) 

 

.0559 
(2001) 

 

0.75 
(2001) 

 

0.124 
(2001) 

 
0.258 
(2001) 

 

0.50 
(2001) 

 

Current emissions 
intensity:  % of 1990 
levels 

92% 
 

73%  
(1991) 2 

63% 100% 75% 91% 81% 103% 48% 109% 82% 90% 

Emissions target under 
Kyoto Protocol (or other 
national emissions target) 

3863  
(1990 – 

8%) 

939  
(1990 – 
21%) 

657 
(1990 – 
12.5%) 

352 
(1990 + 
15%) 

206  
(1990 – 6%) 

571 
(1990 – 

6%) 
NA 

1,161 
(1990 – 

6%) 
NA NA NA NA 

Current emissions:  % 
over Kyoto Protocol (or 
other) emissions target 

104% 104% 97% 125% 113% 126% NA 112% NA NA NA NA 

Score on 
environmental 
metrics (rate 1-5) 

3 4 5 1 4 2 1 ** 2 3 2 2 2 

** In a sensitivity case in which the U.S. capped emissions from 2008-12 at 2004 levels, and further reduced emissions to 11% below 2004 levels beginning in 
2014, the U.S. would be assigned a score of 3 for environmental metrics.  If the U.S. imposed a carbon permit tax, or price cap, of $20 or $30 per metric ton 
carbon starting in 2008, the U.S. would be assigned a score of 2 for environmental metrics.  See full discussion on U.S. sensitivity cases in U.S. discussion below 
                                                 
1 For all measures of emissions intensity except that for the EU, this paper relies on figures reported by the US Energy Information Administration (EIA), which 
reports emissions intensity in “Metric Tons Carbon Equivalent per Thousand 1995 U.S. Dollars using Market Exchange Rates.”  Because EIA lists no aggregate data 
for the EU as a whole, we rely instead on an alternative source, cited below, that reports energy intensity in “tonnes CO2e per unit of gross inland energy 
consumption.” Source: http://europa.eu.int/comm/dgs/energy_transport/figures/pocketbook/doc/en_world_2003.pdf 
2 First year reported for unified Germany 
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Key findings 

Developed countries - Europe 

EU:  Significant efforts to reduce absolute emissions (currently at 4% below 1990 levels), and 
emissions intensity has decreased (currently 8% below 1990 levels).3  German unification and 
the fuel switching from coal to gas in the UK power sector has had the effect of making the EU’s 
reduction target less stringent.  In the absence of the emission reductions attributable to these 
events, EU emissions would be at approximately 1990 levels.  Emissions from EU countries 
other than Germany and the UK are currently 7.5% above 1990 levels.  Transportation emissions 
are up 20% from 1990 levels, and are expected to continue to increase.  Several countries (Spain, 
Netherlands, Portugal, Belgium, Austria, Greece, Luxembourg) may be in jeopardy of missing 
their target unless they undertake significant purchases in the international GHG market.  It 
should also be noted, however, that the EU Emissions Trading Scheme will provide a price 
signal that could incentivize additional reductions and improve countries’ environmental 
performance.   
 
Germany:  Both absolute emissions (currently at 19% below 1990 levels), and emissions 
intensity (currently 27% below 1990 levels) have fallen significantly.  Germany is responsible 
for more than 75% of the reductions from 1990 levels that the EU must achieve; the EU as a 
whole must reduce emissions by 336 Mt CO2e below 1990 levels, and Germany must reduce 
emissions by 284 Mt below 1990 levels.  Approximately 50% of Germany’s emission reductions 
may be attributed to reunification.4 Although reunification has had a favorable impact on 
national emissions, Germany has developed many policies to reduce its emissions.  The 
government has mandated a cross-subsidy from fossil or non-CHP power production to 
renewables and CHP via electricity suppliers. An eco-tax has also been imposed on vehicle fuels 
to produce emission reductions in the transportation sector. Transportation emissions are up 13% 
from 1990 levels.   
 
UK:  Emissions have decreased significantly (currently at 14% below 1990 levels), partially as a 
result of the UK’s efforts to implement an economy wide trading program.  Current emissions 
are below the UK’s Burden Sharing Target of 12.5% below 1990, and emissions intensity is 37% 
below 1990 levels.  However, the fuel switching that has been undertaken in the power sector 
made the Burden Sharing target less stringent, and accounted for approximately 60% of the UK’s 
emission reductions.  The Government has adopted a target of 20% below 1990 levels, which is 
more stringent than the Burden Sharing target.   The UK is estimated to be on track to meet its 
Burden Sharing Target based on current policies.  Transportation emissions are up 6% from 
1990.  The UK’s draft National Allocation Plan sets an emission reduction target for covered 
sectors as a whole of 16.5% below 1990, which is lower than the 1990 –12.5% Burden Sharing 
Target for the country as a whole, but higher than the Government’s 20% below 1990 target.  
   
Spain:  Emissions have increased significantly (currently at 23% above 1990 levels), emissions 
intensity has remained stable, and the country is the furthest in the EU from meeting its Burden 

                                                 
3 All emissions data cited below are “without sequestration” estimates. 
4 Eichhammer et al. (2001) "Greenhouse gas reductions in Germany and the UK - Coincidence or policy induced? An 
analysis for international climate policy" Studie für die Commission for Sustainable Development (CSD-9), April 2001, 
http://www.isi.fhg.de/e/projekte/094s.htm 
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Sharing Target (15% above 1990 levels). Spain is one of the countries that received a growth 
target to reflect its stage of development.  Per-capita emissions in 1990 were approximately one-
half of the EU average.  Emissions in several sectors have grown significantly from 1990 to 2000 
(43% in the electricity sector, 37% in transportation, 34% in industrial sectors).  Spain’s national 
inventory provides a ‘with measures’ forecast that predicts an increase in emissions of 48% 
between 1990 and 2010.  There is significant concern that Spain will not meet its target. A recent 
study done by an industry association concluded that the country would expend 5% of GDP to 
purchase credits necessary to achieve its target. 
 
Netherlands:  Emissions have increased (currently at 7% above 1990 levels), but emission 
intensity has been reduced 25%.  The country’s emissions in 2010 are currently projected to be 
40 Mt, or 14% above 1990.  Improvements of 17% in energy intensity from 1980-1999 were 
overwhelmed by a 33% increase in electricity use even though it was generated primarily 
through co-generation.  The Netherlands was the first country to enter the GHG market.  To date, 
it has spent approximately $185 million to purchase 26.7 Mt CO2e of emission reductions.  The 
country’s current emissions, including international purchases, would be 6% below 1990 levels if 
100% of its purchases are ruled eligible for compliance, and at 1990 levels if 50% of its 
purchases are eligible for compliance.   
 
North America 
 
Canada:  Emissions have increased significantly (currently at 18% above 1990 levels), although 
emissions intensity has decreased by 9%.  Emissions in the electricity and transport sectors have 
increased significantly (16% and 21%, respectively).  It is estimated that Canada will need to 
reduce its emissions by approximately 240 Mt CO2e per year to comply with its emission 
reduction target of 6% below 1990 levels.  Fossil fuel use in power generation has increased.  
Total energy exports increased 136% between 1990 and 2001, and the share of national GHG 
emissions resulting from energy exports has more than doubled from 4.5% to 9.4% over the 
same period.  A domestic trading program (based on emissions intensity targets) with a cost cap 
and other climate policies are under development to address a portion of Canada’s Kyoto gap.  
Significant efforts are being made by the Government to develop policies that address private 
firms’ concerns regarding the impacts of climate policies on competitiveness vis-à-vis the U.S.   
However, the Government’s current domestic program does not address how it would achieve 60 
Mt CO2e of reductions necessary to meet its target.  The Government may need to import a 
significant level of reductions to comply with KP emissions limitations.  
 
U.S.:  Emissions have increased significantly (currently at 12% above 1990).  Transport 
emissions have increased 18% and electric utility emissions have increased 11% since 1990.  
Emissions intensity has decreased 19% from 1990, but not as a result of measures to reduce 
GHG emissions.  The U.S. produces roughly one quarter of world GHG emissions.  In February 
2002, President Bush announced a plan to reduce U.S. emissions intensity by 17.5% by 2012.  
This represents a 3.5% reduction from intensity improvements that were forecast to occur from 
2002-2012. If this voluntary commitment were achieved, national GHG emissions would 
increase by 14% from 2002-2012.5  The Administration intends to achieve this objective through 
a combination of voluntary, incentive-based, and existing mandatory measures. 
                                                 
5 http://pdf.wri.org/wri_bush_climate_analysis_2003.pdf 
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U.S. sensitivity cases:  Sensitivity cases were considered to assess how the U.S. would score 
under two hypothetical future U.S. climate policy scenarios for which economic modeling was 
performed for the National Commission on Energy Policy.  One policy assumes that the U.S. 
imposed carbon permit taxes, or price caps, of $20 or $30 per metric ton carbon starting in 2008.  
The other policy assumes that the U.S. imposed a cap on U.S. carbon emissions at 1800 Mt C 
starting in 2008, and at 1600 Mt C starting in 2014; these levels reflect a cap at 2004 levels in 
2008-12, and a further 11% decrease beginning in 2014.  Based on modeling results, U.S. 
emissions would be at approximately 1850 Mt C in 2015 under either the $20 or $30 price.  
Emissions under the carbon cap would be approximately 1700 Mt C, or approximately 6,240 Mt 
CO2e.  We assume the difference between this emissions level and the 1600 Mt C cap effective 
in 2014 is the amount of emissions credits or allowances purchased internationally by entities 
covered by the cap.   
 
If U.S. domestic emissions in 2015 were 6,240 Mt CO2e under the carbon cap scenario, they 
would be 3% above 1990 levels.  This would represent a significant reduction from 2015 
projected reference case emissions of roughly 18% above 1990.  Relative to U.S. reference case 
emissions, emissions under the cap scenario would compare more favorably to projected 2012 
domestic emissions for Canada, Japan and the EU, not counting international purchases, and 
assuming these countries will comply with emissions limitations if the KP enters into force.  The 
midpoint of economic model estimates of Canada’s total international purchases in 2010 is 
approximately 90 Mt CO2e, implying domestic Canadian emissions of approximately 9% above 
1990 levels by 2012.6  Japan’s Ministry of Environment has estimated national emissions in 
2010 (i.e. 2008-12 average annual emissions under the KP) at 8% above 1990 levels. Natsource 
estimates that Japan’s domestic emissions are likely to be higher.   The EU’s emissions are 
projected to be at approximately 1990 levels in 2010 based on existing policies and 7% below 
1990 levels based on these and additional measures that may be implemented.  Based on these 
results for 2008-12, and in the absence of further reductions in the EU, Japan and Canada in a 
second KP commitment period, U.S. emissions of 1990 + 3% under the U.S. carbon cap scenario 
in 2015 would merit a score of 3, compared to Japan’s 2, Canada’s 2 and the EU’s 3 or 4 
(depending on whether or not we assume that the EU implements additional measures).  U.S. 
emissions of 1850 Mt C (6790 Mt CO2e) in the $20 carbon tax case would be equivalent to 
approximately 12% above 1990 levels.  In this scenario, U.S. emissions performance might merit 
a score of 2, given the aforementioned projections for Canada, Japan and the EU.    
 
It should be noted, however, that if the EU, Japan and Canada were to meet their KP targets (8% 
below 1990 for the EU, 6% below 1990 for Japan and Canada) in 2012 through a combination of 
domestic measures and international purchases, these countries’ environmental performance 
would be slightly better than that of the U.S.  As noted above, in 2015 U.S. emissions, counting 
both domestic measures and international purchases, would be 1600 Mt C (5872 Mt CO2e) in 
2015 in the carbon cap scenario, or 3% below 1990 levels.    

                                                 
6 See “Governments as Participants in International Markets for Greenhouse Gas Commodities,” prepared by Natsource 
LLC for Electric Power Research Institute, the International Energy Agency, International Emissions Trading 
Association, and institut du developpement durable et des relations internationals,” September 2003, 
http://library.iea.org/dbtw-wpd/textbase/work/2003/ghgem/natsource.pdf.  Model estimates of Canadian purchases 
are discussed on pages 69 and 70. 
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Japan:  Emissions have increased by 5% since 1990.  Electric utility emissions have increased 
by 6% since 1990, and transport emissions by 24%.  Industrial sectors have committed to 
voluntary targets to reduce emissions to 1990 levels by 2010.  Emissions intensity increased 
slightly since 1990, but Japan’s intensity (0.0559 Mt CO2e per unit of output) is significantly 
lower than the intensity of Germany (0.08), Spain (0.11), the UK and the Netherlands (0.12), the 
U.S. (0.17), and Canada (0.217).  Japan’s target (1990 – 6%) is stringent, given its already low 
emissions intensity, and the high marginal cost for achieving further emission reductions. If the 
Government does not impose a carbon tax or a mandatory cap on emissions following its first 
climate policy review in 2004, and waits until the second review in 2007 to develop additional 
policies, sectors may face steep reduction requirements or, perhaps more likely, the Government 
will need to be a significant participant in the international market.     
 
Developing countries 
 
Note:  Developing countries’ scores in the table above are shaded in gray to convey that 
developing countries’ performance cannot easily be compared with that of developed countries.  
Therefore, we score developing countries separately on a 1-5 scale.  Scores for developing 
countries are not comparable to those for developed countries.   
 
China:  Emissions have increased 37% since 1990 due to economic growth.  China is now the 
world’s second largest emitter after the U.S.  U.S. emissions are approximately twice the level of 
China’s at the current time.   Over the next few decades, China will become the world’s largest 
GHG emitter.  However, energy efficiency improvements spurred by economic reforms have 
resulted in a rapid decrease in emissions intensity of 52% from 1990 levels.  Emissions intensity 
levels (0.75 Mt CO2e per unit of output) are nevertheless much higher than those of other 
developing countries; India’s intensity is 0.50, Mexico’s is 0.258, and Brazil’s is 0.124.  At 
present, 62% of primary energy use is coal, 28% is oil, and only 3% is natural gas.  Coal’s share 
has decreased 10% from 1990 due to energy market liberalization and efforts by the Chinese 
government to promote reliance on cleaner energy sources. 
  
Brazil:  Emissions have increased 49% since 1990 due to economic growth.  Emissions intensity 
has increased 9% due to increased reliance on natural gas to meet increasing demand for 
electricity and to replace hydropower, which has been reduced due to drought.   However, 90% 
of electricity is currently supplied by hydro.  Land use change, and deforestation in particular, 
are responsible for approximately two-thirds of emissions including sequestration.  Continued 
deforestation may overwhelm efforts in the energy sector (e.g. use of natural gas and renewable 
energy to meet new electricity demand that cannot be met by hydro) to reduce overall emissions 
growth.  Measures to reduce dependence on energy imports, diversify energy supplies, and 
increase energy efficiency have reduced emissions by an estimated 19% to 23% from business-
as-usual (BAU).  The UNFCCC estimates that Brazil’s emission reduction efforts will avoid 
approximately 29% of 2010 projected BAU emissions. 
   
Mexico:  Emissions have increased 11% since 1992 due to economic growth.  When 
sequestration is included, emissions increased approximately 41% between 1990 and 1998.  
Emissions intensity has been reduced by 18%, but it is not clear that this reduction can be 
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attributed to emission reduction efforts, which have been modest.   Challenges to limiting 
emissions growth include projected annual electricity demand growth of 6.7%; prices for 
electricity that are already among the highest in Latin America; political, financial and 
infrastructure barriers to rapidly increasing natural gas’ share of domestic fuel consumption; and 
ill-defined property rights in the forestry sector. It is also possible that fewer cheap abatement 
opportunities exist in Mexico than in other developing countries. 7   
 
India:  Emissions have increased by 59% since 1990, spurred by economic growth of 6.6% per 
year and growth in electric power demand of 8% per year.  However, the emissions growth rate 
was reduced through economic reforms, enforcement of existing clean air laws, and increased 
use of renewable energy.  Emissions intensity decreased by 10%, to 0.50 Mt CO2e per unit of 
output, but is still considerably higher than Mexico’s (0.258), Brazil’s (0.124), or that of 
developing countries addressed in this report (0.06 to 0.22).  India’s per capita electricity use 
averages only one-half that of China, and is one-sixth of the world average. As a result, per-
capita electricity consumption is likely to increase.  Coal is the dominant fuel source and is 
expected to meet approximately half of India’s incremental electricity demand until 2010. After 
2010, gas is expected to play an increasing role.  Hydropower growth forms a major part of the 
Indian Government’s plans to meet 10% of incremental power additions by 2012 through 
renewable sources. India is ranked fifth in the world in wind power generation.\ 
 

II. Scoring Based on Economic Performance 
Based on information drawn from Task 2, Table 2 below scores countries’ performance.  All 
categories of environmental metrics included in the Task 1 analytical framework are provided 
here, with the exception of capital structure.  As discussed with the Commission, relatively little 
information could be identified on the extent to which countries have taken capital structure into 
account in setting emission reduction requirements.  Most countries have not yet reached the 
stage at which capital structure has been taken into account in setting emission reduction 
requirements.  Canada has begun to consider this issue by allowing companies and sectors the 
opportunity to make a case to the Government that based on capital structure considerations, 
their emission reduction requirements in the first KP commitment period should be reduced in 
exchange for a commitment to deliver greater reductions post 2012.  However, these discussions 
are still very preliminary, and Canadian emission reduction requirements for industry still may 
change significantly under the new Prime Minister, Paul Martin.  In the case of EU countries, 
these issues can not yet be assessed given that Member States are in the process of developing 
National Allocation Plans to meet obligations under the trading program.  In Japan, one may 
consider that capital structure considerations have been taken into account in the voluntary 
sectoral targets agreed between industry and the Government.  However, emission reduction 
requirements may change when the Government reviews the country’s progress in 2004 and/or 
2007.   
 
One of the criteria in the table is the extent to which the country’s assignment of emissions 
reduction responsibilities reflects a balanced approach to meeting the country’s national 

                                                 
7 Sathaye, J.A. et al. 2001. “Carbon Mitigation Potential and Costs of Forestry Options in Brazil, China, 
India, Indonesia, Mexico, the Philippines and Tanzania.” Mitigation and Adaptation Strategies for Global Change 6: 185-
211. Kluwer Academic Publishers: The Netherlands. 
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emissions target rather than an emphasis on industry protection.  As noted for the EU countries, 
our assessment of performance against this criterion is to be determined based on the draft 
National Allocation Plans that have recently or will soon be issued by countries (draft NAPs 
must be issued by March 31).  In Task 4, Natsource will assess the expected results of the draft 
NAPs for sectors covered by the EU Emissions Trading System (ETS) and uncovered sectors for 
each key jurisdiction.  We will also incorporate the new information in making any necessary 
revisions of scores provided in Task 3.   
 
As discussed below under key findings, the EU’s establishment of an emissions trading program, 
and the extent to which this structure provides covered sectors with significant compliance 
flexibility, represents a significant step in facilitating economically efficient compliance and 
emission reductions in Europe.  The UK’s efforts in creating the first economy-wide GHG 
emissions trading program are also significant, as is the Dutch Government’s pioneering 
participation in GHG markets. The Canadian Government’s efforts to date to design a domestic 
emissions trading (DET) system for 2008-12 are also important given that it is based on 
emissions intensity targets, provides compliance flexibility and is mindful of competitiveness 
concerns vis-à-vis the U.S. 
 
In light of key differences between developing and developed countries, developing countries are 
scored on a separate set of market formation criteria, including whether a domestic national 
authority for CDM has been established, whether CDM projects have been facilitated by 
providing regulatory certainty, whether the country has hosted CDM projects, and whether such 
projects have Executive Board-approved baseline methodologies. 
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Table 2: Economic Performance 

Economic Performance 
Market Formation 

 EU Germany UK Spain Netherlands Canada U.S. Japan China Brazil Mexico India 
To what degree has the 
country created or supported 
the creation of a framework 
for domestic/regional 
trading? (rate 1-5) 

5 8 3 5 2 5 4 1 2     

To what degree has the 
country created a framework 
for linking the domestic 
trading system to IET, CDM 
and/or JI? (rate 1-5) 

5 4 5 4 5 4 1 2     

To what degree has the 
country purchased emission 
reductions?  (rate 1-5) 

NA 9 1 1 NA 10 5 2 1 1     

To what degree has the 
country established plans to 
purchase emission 
reductions?   (rate 1-5) 

NA 3 1 NA 5 3 1 2     

To what degree has the 
country provided assistance 
to private entities with regard 
to their CDM and/or JI 
purchases? (rate 1-5) 

4 3 3 1 Unknown 4 1 3     

                                                 
8 The EU has been assigned a score of 5 for this category -- despite the fact that its framework for domestic/regional trading has yet to be tested in practice – because 
its framework is the best in its class.  The EU receives a 5 for its framework for linking to IET, CDM and/or JI for similar reasons, and despite the fact that it has not 
yet been finalized or tested in practice. 
9 Since individual EU countries are responsible for their emissions, emission reduction purchases are implemented at the country level and not the EU level.  Thus, 
criteria relating to emission reduction purchases and planned purchases are not applicable to the EU. 
10 The UK plans to meet its Burden Sharing Target through domestic measures rather than international purchases.  As such, the UK does not merit a low score for 
this criterion or for not having plans to purchase reductions.    
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 EU Germany UK Spain Netherlands Canada U.S. Japan China Brazil Mexico India 
To what degree has the 
country provided assistance 
to developing countries to 
improve their capacity to 
generate and sell CERs? 
(rate 1-5) 

NA 4 2 1 4 4 1 4     

To what degree has the 
country taken other steps to 

encourage market 
formation? (rate 1-5) 

5 2 5 NA 5 4 2 3     

Total score for market 
formation and compliance 

flexibility (rate 1-5) 
5 3 4 1 5 4 1 3     

Developing countries:  
Established DNA?         3 5 3 3 

Facilitated CDM project 
development through 
regulatory action and 

certainty? 
        Unknown 3 4 3 

Hosted candidate CDM 
projects?         3 5 3 3 

Hosted candidate CDM 
projects with approved 

baselines? 
        4 5 4 2 

Industry protection versus balance in assignment of emission reduction responsibilities 
To what extent does the 
country’s assignment of 

emissions reduction 
responsibilities reflect a 
balanced approach to 
meeting the country’s 

national emissions target 
rather than an emphasis on 

industry protection?   (rate 1-
5) 

5 TBD 3 TBD TBD 2 1 2     

Score on 
economic 

performance (rate 
1-5) 

5 3 5 1 5 4 1 3 3 5 4 3 
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Key findings 
 
Developed countries - Europe 
 
EU:  Market formation and flexibility:  The UK and Denmark established domestic trading 
systems in advance of 2005, and the EU plans to implement its Emissions Trading Scheme 
(ETS) starting in 2005, in advance of required reductions under the KP in 2008.  Approximately 
12,000 installations accounting for 46% of the EU’s projected CO2 emissions in 2010 will be 
covered by the ETS.  A “Linking Directive” to govern the use of Certified Emission Reductions 
(CERs) generated from CDM projects and Emission Reduction Units generated from JI projects 
for compliance in 2008-12 is under development.  There is the potential that the directive may 
ultimately allow such reductions  to be used for compliance in 2005-07.  The ETS allows for 
significant compliance flexibility, with the following exceptions:  a limit may (but likely will 
not) be placed on imports of JI and CDM credits; sinks reductions are not eligible for compliance 
in 2005-07; and non-CO2 GHG emission reductions are not eligible in 2005-07.  The EU 
program is easily the most ambitious GHG trading program designed to date.  Regarding 
purchases, the Dutch Government has been a pioneer in using the market to meet its 
requirements, and several other Governments will likely enter the market in the near future.  
Regarding assistance to private entities for CER or JI purchases, the European Investment Bank 
(EIB) announced a new EUR 500 million fund aimed at mobilizing financing for EU climate 
mitigation programs. The funds will be made available as loans, but no equity investments are 
planned.   
 
Balance:  Environmental effectiveness and competitiveness/state aid criteria must be met in 
National Allocation Plans, thereby significantly constraining – at least in principle -- countries’ 
ability to protect industry by providing generous allocations.   
 
Germany:  Market formation and flexibility:  Germany is working to implement the EU ETS, 
but has minimal experience with emissions trading.  Much of German industry has  express 
concern over the EU ETS.  The Government appears to place a greater priority on domestic 
reductions than on trading via the Kyoto Mechanisms.  Germany supports a review of the 
Linking Directive, and possibly the imposition of a cap on imports, if an import quota for CERs 
and ERUs of 6% of total allocated EU allowances is reached.  The Government also opposes use 
of sequestration credits for compliance.   The state owned development bank, KfW (Kreditanstalt 
für Wiederaufbau), is currently developing a $63.5 million carbon fund, which will purchase 
CERs and ERUs from international projects on behalf of German and European industrial 
entities.   

From 1998 to 2002, KfW spent $1.43 billion to promote renewable energy and energy efficiency 
in developing countries.  Regarding efforts to support developing countries’ capacity to generate 
CERs, a national JI/CDM office has been established to assist project developers in formulating 
their JI/CDM project ideas for submission and approval.  Germany is carrying out capacity 
building measures in India, Indonesia, China, Chile, Peru, and Colombia, among others.  

Balance:  To be determined based upon review of Germany’s NAP.   

UK:  Market formation and flexibility:  The UK Emissions Trading Scheme (ETS) began in 
April 2002 and is the world's first economy-wide GHG emissions trading scheme. The UK 
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government has also been one of the nations driving the development of the EU ETS 
(particularly regarding opt-out in the 2005-07 period for qualifying national schemes such as the 
UK ETS, registries, verification and the Linking Directive). Under the opt-out provision in the 
EU ETS, countries such as the UK that limit installations’ emissions in 2005-07 to levels 
equivalent to those that would be set under the EU ETS can apply for exemption from EU ETS 
requirements in 2005-07 for those installations.  ) The UK has also adopted a market-based green 
certificates program to encourage increased investment in renewables.  The Government 
provided incentive payments of $309 million to firms participating in the ETS auction that 
pledged to achieve specific quantities of emission reductions below a baseline.  In 2002 
participants achieved approximately 4 MT or 13% more reductions than had been forecasted.  
12,000 individual sites entered into voluntary emission reduction agreements with the 
Government known as Climate Change Agreements (CCAs), under which companies receive an 
80%  discount on a recently introduced energy consumption tax (the Climate Change Levy) in 
exchange for committing to absolute or relative emissions limitations.  CCAs delivered a total 
reduction of 13.5 Mt CO2e against an estimated 2000 baseline.  Over 500 trades involving more 
than 1.5 million tons CO2e have taken place since the UK market’s first trade in August 2001.  
The UK Government has not purchased any reductions to date and has not expressed an intention 
to do so, given its plan to meet its Burden Sharing Target through domestic measures. 
 
Balance:  Based on a preliminary review of the UK’s NAP, the NAP appears to ensure some 
burden sharing among covered and non-covered sectors.  The emission reduction target for 
covered sectors as a whole is 16.5%, versus 12.5% for the country as a whole, which suggests 
that industry will be undertaking more stringent reductions than non-covered sectors.  However, 
industrial emissions in 2000 were 57% below 1990 levels, and electric utility emissions were 
26% below 1990 levels.  Given that transport emissions were 6% over 1990 levels, this may 
suggest that the NAP may not reflect as balanced an allocation as suggested by the target.  We 
will undertake further review of the NAP in Task 4.    
 
Spain – Market formation and flexibility: Spain has little experience with emissions trading.  
Spain has been awaiting EU policy prior to developing a program. No public information on the 
NAP is yet available. There is currently no government emission reduction procurement program 
in place. 
 
Balance:   To be determined based upon review of Spain’s NAP.  There is concern that Spain 
will seek to minimize the impacts of GHG policy in the allocation process, although EU 
competition/state aid rules may effectively prevent this.  Industry representatives have reportedly 
been urging the renegotiation of Spain's Kyoto target under the Burden Sharing Agreement 
(BSA). However, given the political momentum for climate action in Europe, there is little 
likelihood that Spain or any other EU Member State could renegotiate its BSA target. 
 
Netherlands: Market formation and flexibility:  The government announced that half of its 
projected KP compliance gap (estimated at 200 Mt CO2e in total) would be addressed through 
emission reduction purchases. The Government negotiated voluntary reduction agreements with 
industry to achieve the remainder of its reductions. The government is already one of the most 
active buyers in the international GHG market.  In addition to being one of the contributors to the 
World Bank’s Prototype Carbon Fund (PCF), the Government has carried out three rounds of the 
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Emission Reduction Procurement Tender (ERUPT-1, 2 and 3), and the Certified Emission 
Reduction Procurement Tender (CERUPT). These have resulted in the purchase of over 26 Mt 
CO2e at prices ranging from US$3-8 per ton CO2e.  The government has established new GHG 
purchasing facilities through other financial institutions including Rabobank, the International 
Finance Corporation (IFC), Andean Development Bank (CAF), Asian Development Bank 
(ADB), and the European Bank of Reconstruction and Development (EBRD).  The Government 
has also signed Memoranda of Understanding with a number of countries, including several in 
Latin America, for approval of purchases of over 100 Mt CO2e.   
 
Balance:  To be determined based upon review of the Netherlands’ NAP.  However, the 
Netherlands (more than other countries) appears to be addressing the balance issue by taking on 
a large portion (50%) of emission reduction responsibilities through Government purchases, and 
thereby avoiding  the imposition of very stringent limitations on covered sectors, or on non-
covered sectors. 
 
North America 
 
Canada:  Market formation and flexibility:  The Government has designed a domestic 
emissions trading (DET) system covering 42% of national emissions.  Domestic offsets and all 
KP instruments will be valid for compliance.  Canada has instituted pilot project-based trading 
programs.  The Government invested $11.7 million in emission reductions through PCF; $78 
million in capacity building activities in developing countries; and $15.6 million to facilitate 
private sector participation in CDM/JI projects.  It has also stated its intent to purchase a 
minimum of 10 Mt of mainly project-based emission reductions in the international market as an 
element of its compliance strategy.  It is not clear whether the new Prime Minister supports this 
view.  
 
Balance:  Sectors covered by the DET system account for 42% of national emissions, but their 
55 Mt of reductions represents only 23% of the country’s projected 240 Mt Kyoto gap.  This 
discrepancy, in addition to the use of an emissions intensity metric for its trading program and 
the Government’s guarantee of a CAN $15/tonne price cap for covered sectors, reflects the 
serious competitiveness concerns of Canadian exporters vis-à-vis U.S industry, which is not 
expected to be subject to mandatory emission reduction requirements.  The transportation sector, 
which saw an emissions increase of 21% from 1990 to 2000, is also likely to face a 
disproportionately low share of the Kyoto gap.  The likely result of this approach is to shift the 
compliance burden from these sectors to the Government.  It is also possible that certain DET 
sectors will receive favorable treatment at the expense of others (e.g. guarantees provided to the 
oil and gas sector).   
 
U.S.  Market formation and flexibility:  No systems have been developed at the federal level 
that would create a domestic GHG emissions market or facilitate US participation in the 
emerging international markets.  Before the U.S. decision not to ratify the KP, the U.S. supported 
maximum flexibility in international trading.  The US government intends to spend $175 million 
for US-AID climate-related programs, some of which support the transfer of advanced 
technologies to developing countries, including cleaner, more efficient energy technologies. 
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Balance:  Not applicable, since the U.S. has not imposed mandatory emission reduction 
requirements on any sector. 
 
Japan.  Market formation and flexibility:  Over 40 industrial sectors have committed to reduce 
emissions to 1990 levels by 2010.  At present, the government has not announced plans to 
establish a mandatory domestic trading system, although one may be developed following policy 
review in 2004 or 2007.  The Government provides subsidies to assist companies in identifying 
potential JI and CDM projects, and for conducting project feasibility studies.   METI also has 
conducted several programs to build capacity in developing countries to host emission reduction 
projects.  The Government has not yet purchased reductions.   
 
Balance:   The Government has been reluctant to impose mandatory emission reductions on 
industry because of the high marginal costs associated with achieving further emissions 
reductions, given Japan’s low emissions intensity.  On the other hand, it is not clear that the 
Government will balance its emission reduction requirements by significantly cutting transport 
emissions, given the 23% increase in these emissions between 1990 and 2001.  As a result, the 
Government may be expected to need to make very significant purchases in the future. 
 
Developing countries 
 
China:  Market formation and flexibility:  The Government has not created a designated national 
authority (DNA) to approve CDM projects,  but has established a climate change policy 
coordinating body that could serve as a DNA in the future.  Both the PCF and the Netherlands 
have purchased reductions from projects located in China.  China is also host to one of the 
seventeen projects whose baseline and monitoring methodologies are currently listed on the 
UNFCCC website as “may be approved subject to required changes.”  
 
Balance:  Not applicable, since China has not accepted a national emissions limitation. 
  
Brazil:  Market formation and flexibility:  The Government established its Inter-ministerial 
Commission on Global Climate Change as its DNA in 1999.  According to the Interministerial 
Commission, 50-54 CDM project proposals have been submitted for approval. Four of the nine 
project baseline methodologies that have been approved by the CDM Executive Board (EB) as of 
December 15, 2003 involve projects located in Brazil. The EB may approve an additional three 
baseline methodologies from Brazilian projects in the near future, if required changes are made.  
The Dutch Government and the World Bank’s Prototype Carbon Fund have purchased 
reductions from these and other projects.   
 
Balance:  Not applicable, since Brazil has not accepted a national emissions limitation.  
 
Mexico:  Market formation and flexibility:  On January 23, 2004 the Government announced the 
establishment of its official DNA.  To date, the Government has worked though the Secretariat 
of the Environment and Natural Resources (SEMARNAT) to develop project baselines and 
establish interim rules for the CDM.  The Government has sponsored events to encourage 
investors to participate in CDM and assist in the development of baselines and Project Idea  
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Notes:  The Government has provided 7 non-objection letters for various types of projects.  
Mexico’s El Gallo hydroelectric project was one of the nine projects whose baseline 
methodologies was  approved by the CDM EB as of December 15, 2003.  Mexico also hosted the 
INELEC hydro project, from which the World Bank’s Prototype Carbon Fund (PCF) has 
purchased approximately 1.3 Mt of reductions, and the Fuerza Eolica wind project, from which 
the Fund has purchased approximately 2 Mt of reductions.  The state-owned oil monopoly, 
PEMEX, established a voluntary internal emissions trading system, the first established by a 
large enterprise in a developing country.  
 
Balance:  Not applicable, since Mexico has not accepted a national emissions limitation. 
 
India: Market formation and flexibility:  The Government has not yet established a DNA.  A 
National Strategy Study (NSS) for the CDM in India has been initiated to assess CDM 
opportunities and evaluate approaches to facilitate CDM implementation.  India hosts several 
projects that have sold emission reductions to the Netherlands, the PCF, and to various private 
buyers.  India has issued letters of no objection for several candidate CDM projects.  In addition, 
one of the methodologies that is awaiting the CDM Executive Board’s approval pending further 
changes is associated with a project in India.    
 
Balance:  Not applicable, since India has not yet accepted a national emissions limitation.   
  

III. Scoring Based on Technology Performance 
Two sources of information were utilized to score countries’ performance on their investments in 
short long-term  Research &Development (R&D) and technology support.  First, the Task 2 
report provided to the Commission includes a table that incorporates International Energy 
Agency (IEA) data summarizing developed countries’ investment in energy R&D (except for the 
EU as a whole)that has been the focus of this analysis .  Key results from those tables (total 
spending in 2001, percent increase from 1990 to 2001) are provided in Table 3 below.  In 
addition, Table 3 provides each country’s spending in each category of energy R&D as a 
percentage of its GDP in order to facilitate comparisons.  Second, the Task 2 report describes 
countries’ other efforts designed to spur technology development and deployment.  For the most 
part, these effort consist of policies  designed to pull technologies into the market.  Key elements 
of these efforts have been summarized below.  In addition, we have supplemented this 
information with new data on R&D efforts by the EU, Japan, Canada and the U.S. in carbon 
capture and storage.  Scoring for each country’s performance in each technology category in 
Table 4 was performed based on both the IEA data and each country’s technology development 
efforts based on a comparison of relative performance across countries, and Natsource’s 
judgment regarding the relative significance of countries’ efforts in various areas. 
 
Scoring these countries for this category is extremely difficult for several reasons. It is difficult 
to gain access to consistent and comprehensive data bases summarizing R&D investment.  
Additionally, it is impossible to determine the effectiveness of these programs.  However, 
looking at these issues is critical given the importance of technology in addressing the climate 
issue.       
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As discussed in the key findings are summarized following Table 4, the U.S. and Japan have 
made significant efforts in R&D.  U.S. funding for short-term and long-term R&D typically 
exceeds that of other countries (and the EU) as a percentage of GDP, and has steadily increased 
since 1990.  Japan’s funding for specific areas of R&D considered here are not as high as a 
percentage of GDP as that of the U.S., but its overall energy R&D as a percentage of GDP is 
nearly double that of the U.S., and it is likely that Japan is undertaking more activities in key 
areas than could be identified for within the time available for this analysis.   Canada has 
distinguished itself with its support for long-term R&D for carbon capture and storage.  EU 
funding for R&D trails the U.S. in some areas, although individual countries also provide R&D 
funding.  On the other hand, the EU has implemented key measures to pull technologies into the 
market, such as its Renewable Energy Directive (to increase renewables’ share of energy 
consumption from 6% to 12% by 2010), and its agreement to reduce CO2 emissions from new 
passenger cars an average of 25% by 2008, with an interim goal of 9–11 % by 2003.  Based on 
these and other considerations, the U.S. and Japan are assigned a score of 4 for technology 
development, and the EU and Canada are assigned a score of 3.    
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Table 3: Summary of Research and Development Expenditures 11, 12 

2001 data 

Total 
renewable 

energy Wind Biomass Geothermal Hydro Solar 
End-use 

efficiency 13 

Total 
renewable 

and end-use  
efficiency 

Nuclear 
fission/fusion

Power 
generation 
technology 

14 
Automobile 
efficiency

Other (may 
include 
carbon 

capture and 
storage and 

fuel cell 
technologies) 

15 

Total 
Energy 

R&D 
16 17 

Canada 17 2 6 0 4 5 18 35 40 12 9 27 189 
As % of 

GDP 0.0024% 0.0003% 0.0008% 0.0000% 0.0006% 0.0006% 0.0025% 0.0048% 0.0055% 0.0017% 0.0013% 0.0037% 0.0263% 
2001 as % of 

1990 175% 173% 115% 145% 83% 139% 122% 143% 32% 131% 95% 370% 65% 
Germany 68 17 4 7 0 40 5 72 121 46 0 11 280 

                                                 
11 million US$ (2002 prices and exchange rates) 
12 International Energy Agency, “R&D Statistics Service's database of government energy technology R&D budgets,” http://www.iea.org/stats/files/rd.htm 
13 Based on the “Industry” category in IEA’s R&D database (http://library.iea.org/rdd/eng/ReportFolders/Rfview/explorerp.asp).  This category relates to R&D 
budget estimates for reduction of energy consumption in industrial processes including combustion, development of new techniques, new processes and new 
equipment in metallurgical, petro-chemical, chemical, glass, paper and pulp, textile, food industries. 
14 Based on the total funding in the following categories in IEA’s R&D database:  1) Coal Combustion (conventional utility boilers; fluidised bed combustion; industrial 
applications; integrated gasified coal combined cycle (IGCC); 2) Coal Conversion (coal gasification, including underground (in-situ) gasification, low Btu gasification, 
(except for IGCC) and high Btu gasification; coal liquefaction, including hydro generation, Fischer-Tropsch synthesis; and 3) Electric Power Conversion (turbo-
engines, multi-fuel gas turbines, conventional and combined cycles; super-conducting generating machines; magnetohydrodynamic conversion; heat/electricity 
combined production; electricity generators and components; dry cooling towers; re-powering, retrofitting, life extensions and upgrading of fossil fuel power plants; 
thermal pollution from power plants; air pollution from power plants; boiler R&D). 
15 Based on the “Others” category in the IEA R&D database.  This category relates to R&D budget estimates for hydroelectric; hydrogen; energy technology 
information dissemination; and studies not related to other specific technology areas listed separately in the database. 
16 Total Energy R&D figures include specific IEA R&D categories not included in this table, and therefore may be greater than the sum of the R&D categories in this 
table.  
17 Differences between IEA’s estimates of R&D for any category and those provided by other sources are attributable to two factors.  First, R&D definitions and 
categories differ significantly among countries and studies.  In-depth analyses of R&D programs suggest that significant effort must be made to provide appropriate 
comparisons of countries’ R&D budgets, and to isolate “real” R&D funding from extraneous funding figures that are often included with countries’ R&D estimates.  
Second, some R&D estimates other than IEA’s that are cited in this analysis cover years (whether fiscal or calendar) after 2002, and therefore will not be reflected in 
the IEA R&D table. 
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as % of 
GDP 0.0025% 0.0006% 0.0001% 0.0003% 0.0000% 0.0015% 0.0002% 0.0027% 0.0045% 0.0017% 0.0000% 0.0004% 0.0104% 

2001 as % of 
1990 72% 130% 222% 207% 

no funding 
in 1990 or 

2001 52% 67% 71% 40% 95% 

no funding 
in 1990 or 

2001 119% 55% 
US 253 40 87 27 5 94 150 403 299 267 258 1212 2845 

as % of 
GDP 0.00280% 

0.00044
% 0.00096% 0.00030% 0.00006% 0.00104% 0.00166% 0.00446% 0.00331% 0.00296% 0.00286% 0.01340% 0.03148% 

2001 as % of 
1990 182% 342% 334% 111% 100% 131% 165% 175% 28% 108% 300% 1671% 89% 
UK 9 2 3 0 0 3 0 9 23 8 0 3 47 

as % of 
GDP 0.00071% 

0.00016
% 0.00021% 0.00000% 0.00001% 0.00021% 0.00000% 0.00071% 0.00170% 0.00061% 0.00000% 0.00022% 0.00352% 

2001 as % of 
1990 30% 18% 57% 0% 98% 62% 0% 21% 9% 36% 0% 36% 13% 

Spain 15 2 4 0 0 9 1 16 24 4 1 1 48 
as % of 
GDP 0.00210% 

0.00029
% 0.00057% 0.00000% 0.00000% 0.00124% 0.00011% 0.00221% 0.00329% 0.00057% 0.00012% 0.00020% 0.00667% 

2001 as % of 
1990 79% 127% 65% 0% 

no funding 
in 1990 or 

2001 81% 23% 70% 100% 486% 415% 101% 98% 

Netherlands 44 13 13 0 0 17 26 70 21 8 13 21 169 
as % of 
GDP 0.00880% 

0.00267
% 0.00267% 0.00000% 0.00000% 0.00341% 0.00516% 0.01395% 0.00418% 0.00156% 0.00269% 0.00416% 0.03353% 

2001 as % of 
1990 124% 141% 173% 0% 

no funding 
in 1990 or 

2001 134% 192% 143% 59% 294% 154% 76% 96% 
Japan 128 8 16 19 0 80 489 616 2404 140 32 76 3423 

as % of 
GDP 0.00226% 

0.00014
% 0.00028% 0.00033% 0.00000% 0.00141% 0.00864% 0.01091% 0.04253% 0.00248% 0.00057% 0.00135% 0.06057% 

2001 as % of 
1990 117% 267% 257% 44% 

no funding 
in 1990 or 

2001 138% 88661% 559% 102% 51% 13548% 385% 118% 
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Key findings 
 
Developed countries 
 
EU:  Energy R&D spending has increased under the Framework Programme, from $1.7 billion 
between 1984 and 1987 to $2.1 billion between 1998 and 2002, although its percentage of the 
EU’s total budget has decreased from 50% to 14%.  For comparison, the U.S. Government spent 
$2.8 billion in total R&D in 2001.  In 1995-98, renewable energy received the largest percentage 
(14%) of the non-nuclear portion of the energy R&D budget (the U.S. spent $253 million in 
2001). Energy efficiency funding has increased steadily from 3% of the total energy R&D 
budget ($52 million) in 1988-91 to 12% ($138 million) in 1995-98 (the U.S. spent $150 million 
in 2001).  Expenditures in the EU are geared less toward basic science and knowledge building 
and more toward towards demonstration and deployment stages of the innovation cycle, which 
enhances private firms’ ability to participate in the technology export market.  
 
Technology policy:  The European Commission's Renewable Energy Directive aims to double 
the share of renewable energy as a percent of gross domestic energy consumption in the EU by 
2010 (from the present 6% to 12%).  At present, there is little expectation that the EU will adopt 
firm Community-wide renewable energy policies. Member states have responsibility for 
implementing policies that will achieve the directive’s targets, such as “feed-in tariffs” (used 
currently in Germany and Italy) and Renewable Portfolio Standards (used currently in the UK 
and the Netherlands).   
 
In 1998, the EU entered an agreement with the European Automobile Manufacturers Association 
to reduce CO2 emissions from new passenger cars an average of 25% by 2008, with an interim 
goal of 9–11 % by 2003.  The program is currently on target to achieve those objectives.  The EC 
has begun to consider restructuring existing vehicle taxes to place a greater emphasis on 
achieving Kyoto Protocol obligations. 
 
To date, the EU has sponsored 10 R&D projects on carbon capture and storage.  The EU 
provided $33 million of funding for these projects, reported as “total Government funding.”  The 
EU also contributed to joint government and industry funding for these projects – reported as 
“total mixed funding” of $11 million (U.S. figures were $29 and $18 million).18 
 
Germany:  Technology Policy:  Germany’s feed-in tariff, which is used to fund renewable 
energy production, has contributed to a sharp increase in renewables’ share of electricity 
production from 3.8% in 1990 to about 7% in 2001.  After feed-in tariffs were substantially 
increased in 2000, a total of $6.5 billion was invested in renewable generation in 2001.  
Germany’s policy, which will implement a fixed tariff to promote the maintenance, 
modernization, and expansion of heat and power co-generation, will avoid up to 23 Mt of CO2 
emissions through 2010.  An eco-tax of $0.29 per gallon has been imposed on vehicle fuels other 
than “carbon neutral” fuels.  A total of 44 projects in applied fuel cell research covering small 
and large, stationary and mobile fuel applications, have been funded.  In addition, several 
German states are funding R&D into fuel cells, such as North Rhine-Westphalia, which has spent 
over $50.8 million in past years.   
                                                 
18 IEA Greenhouse Gas R&D Program, http://www.co2sequestration.info. 
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UK:  Technology Policy: The market-based Renewables Obligation was initiated  in April 2002. 
It requires electricity suppliers to source 10.4% of their total electricity sales from eligible 
renewable energy stations by March 2011 (up from 2.8% at present), and allows suppliers to 
trade Renewable Energy Certificates to meet their targets.  In fall 2003, the Government 
increased funding for renewables capital grants by $108.6 million.  The Department of Trade and 
Industry’s (DTI) Capital Grants Scheme provides support to biomass ($119.5 million), offshore 
wind ($112.2 million), the DEFRA Energy Crops Scheme ($52.5 million), and solar energy 
($36.2 million).   
 
Under the Energy Efficiency Commitment (EEC) for 2002 to 2005, electricity and gas suppliers 
are required to achieve targets for the promotion of improvements in domestic energy efficiency. 
The government has set a target in 2000 of achieving at least 10,000 MWe of installed combined 
heat and power capacity by 2010.  
 
The Vehicle Excise Duty (VED) for new cars is now graduated according to cars’ CO2 
emissions, ranging from $109 to $290, with zero duty for electric vehicles.  The Powering Future 
Vehicles (PFV) strategy established a target  of 10% for the purchase of low-carbon vehicles in 
the UK in the next decade.  The Government supports automotive research and development 
through the Foresight Vehicle program, which involves over 400 companies and organizations in 
projects valued at $181 million. 
The Government plans to spend $30.8 million on cleaner coal technology R&D and export 
promotion over next six years.  
 
Spain: Technology Policy: The Government’s Energy Conservation and Efficiency Plan 
promotes energy savings, substitution, co-generation, and renewable energy.  Spain’s installed 
wind capacity has increased dramatically, from 73MW in 1994 to 1,539MW at the end of 1999 – 
a 2000% increase. Spain set and exceeded a 2001 target of 2.5MW of additional installed PV 
solar electricity, and solar energy generation receives a premium of $0.15 per kWh.  Despite 
these efforts, wind and solar deliver a relatively small proportion of the national power supply.  
Measures under consideration to reduce emissions growth in the transportation sector include 
differentiated tax rates for low and high-octane lead-free gasoline, regulatory measures, and the 
development of voluntary agreements to reduce emissions from vehicles.  The Government does 
not invest in long-term climate related R&D.  
 
Netherlands:  Technology Policy: The Dutch Government’s domestic energy saving program 
encourages the increased use of co-generation and emissions reductions from residential and 
commercial buildings. The Netherlands also has voluntary “green certificates” program that 
features a tax rebate (which will be phased out) to promote renewable energy.  The government 
also recently introduced a feed-in tariff for domestic green power, and announced an indicative 
target to increase the share of renewables in power production to 10% by 2020.  To reduce 
transport emissions, the Government has instituted tax incentives  to stimulate the purchase of 
fuel-efficient passenger cars and to encourage more fuel-efficient driving behavior, road pricing 
and further taxes on private cars.  The Government of the Netherlands does not invest in long-
term climate related R&D.  
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Canada: Technology Policy: The Government has created a $273 million investment fund 
managed by Sustainable Development Technology Canada (SDTC) that focuses on new 
technologies including carbon sequestration, solar, fuel cells, energy efficiency and biomass.   
Canada’s Climate Change Action Fund (CCAF) includes $74 million of initial funding to 
facilitate the deployment of climate change mitigation technologies by the private sector, 
including energy efficiency, renewables, and fuel cells.  The Wind Power Production Incentive 
(WPPI) is a $203 million endowment and is intended to support the installation of 1000 MW of 
new capacity between 2002 and 2007.  
 
Canada has set a 25% improvement target for new vehicle fleet fuel efficiency by 2010.  To 
achieve that target, the government intends to negotiate targets for the introduction of more fuel-
efficient vehicles with automotive manufacturers.  
 
The Government  spends $62 million for R&D into fuel cells and other related technologies.  
 
Ethanol use is projected to increase from 240 million to 1 billion liters in 2010, enough to blend 
into 25% of total gasoline volume, up from 7% at present.  Up to $78 million in Government 
funding will be directed to new ethanol production facilities over the next three years.  Bio-fuels 
R&D has received a total of $32 million in funding. 
To date, Canada has sponsored 4 R&D projects on carbon capture and storage, with total 
government funding of $100 million.19 
 
U.S.:  U.S. funding for overall energy R&D in 2001 was $2.8 billion, second in absolute levels 
only to Japan.  Funding for R&D for every category considered here increased steadily, and 
significantly in most cases.  In energy efficiency, the US EPA and DOE created the Energy Star 
labeling programs to encourage consumer purchase of high efficiency products.  The 
Government authorized a production tax credit of $0.015 per kWh for wind in 1992.  The credit 
has expired and been reinstated several times over the last decade.  Other tax credits have been in 
place to encourage solar and various forms of biomass energy, although the credits have not been 
workable.  
  
State Policies to Encourage Renewables and Efficiency:  As of February 2003, 11 U.S states 
have adopted renewable portfolio standards (RPS) to support renewable energy development. 24 
states have created public benefit funds (PBFs) to support energy efficient and renewable 
technologies. Approximately $1 billion, mostly funded by electricity surcharges, is expected to 
be available from 1998-2012 for related projects and technologies. 
 
The US spent $44 million in FY 2003 to develop carbon capture technologies. The 
Administration is requesting $62 million in FY 2004.  President Bush announced a $1 billion 
commitment to the FutureGen Program to create the world’s first zero-emissions coal-based 
power plant for hydrogen and electricity.  The costs associated with this effort are shared 
between the government and industry.  To date, the U.S. has sponsored 30 R&D projects on 
carbon capture and storage, with total government funding of $29 million and total mixed 
funding (governments and industry) of $18 million.20 
                                                 
19 IEA Greenhouse Gas R&D Program, http://www.co2sequestration.info. 
20 IEA Greenhouse Gas R&D Program, http://www.co2sequestration.info. 
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The Administration requested $165 million for R&D into hydrogen production, storage and 
delivery, and fuel cell development for end use applications in transport and buildings, and 
approximately $160 million for the FreedomCar program – a significant increase from the $250 
million spent in these areas in 2002.  The President stated his intent to request an additional $1.7 
billion over the next 5 years on his Hydrogen Fuel Initiative and the FreedomCar Partnership to 
develop hydrogen-powered fuel cells, a hydrogen infrastructure, and advanced automobile 
technologies, allowing for commercialization by 2020.  
 
In 2002, the US spent over $100 million on R&D for biomass conversion, collection and 
transport infrastructure, cofiring, gasification. The FY 2004 request for biomass R&D is 
approximately $80 million.   
 
Japan:  Japan’s overall energy R&D funding was $3.8 billion in 2001, the highest in the world, 
both in terms of absolute amount and percentage of GDP (6.1%).  Although Japan’s funding is 
very heavily weighted toward nuclear energy, funding for most of the R&D categories 
considered here have increased dramatically since 1990.  Apart from nuclear energy, Japan’s 
technology development program focuses on such areas as fuel switching from coal to natural 
gas, and utilizing waste paper for fuel; and R&D for CO2 capture and storage (including ocean 
storage, geological storage, coal bed storage, other large scale storage).  Regarding automobile 
efficiency improvement efforts, Japan’s mandatory “Top Runner” fuel economy standards will 
improve fuel economy performance for each vehicle weight class by an average of 22.8% from 
1995 levels by 2010.  Regarding carbon capture, Japan has sponsored 2 R&D projects on carbon 
capture and storage, with total mixed funding (government and industry) of $50 million.21   
 

                                                 
21 IEA Greenhouse Gas R&D Program, http://www.co2sequestration.info. 



Final Deliverable 
Confidential- Not For Public Release 

25

  

Table 4: Technology Performance Scoring 

Technology Performance 
Short- and Medium-Term 

 
EU Germany UK Spain Netherl

ands 
Canada U.S. Japan 

To what extent has the 
country provided 
support for 
improvements in 
renewables technology 
and end-use 
efficiency? (rate 1-5) 

4        4 3 2 4 4 4 5 

To what extent has the 
country provided 
significant support for 
improvements in power 
generation technology? 
(rate 1-5) 

Unknown 3 2 3 4 3 4 4 

To what extent has the 
country provided 
significant support for 
improvements in 
automobile efficiency? 
(rate 1-5) 

4 1 1 1 4 3 4 5 

Long-Term 
To what extent has the 
country provided 
significant support for 
long-term R&D in 
carbon capture and 
storage? (rate 1-5) 

3 2 1 1 3 4 4 5 

To what extent has the 
country provided 
significant support for 
long-term R&D in fuel 
cell technologies? (rate 
1-5)  

Unknown 2 1 1 3 3 5 3 

To what extent has the 
country provided 
significant support for 
long-term R&D in 
biomass energy 
technologies? (rate 1-
5) 

Unknown 2 2 2 4 3 5 3 

Total score for 
short- and long-
term technology 
performance 
(rate 1-5) 

3 2 2 1 3 3 4 5 
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IV. Summary Scoring of Countries’ Performance Against All Criteria 
Based on the scores assigned to countries based on:  (1) environmental metrics, 2) economic 
performance, and 3) technology performance, we calculated an overall score for each country.  
As agreed with NCEP, for the purposes of this study we have weighted the scores as follows: 
 

• Environmental metrics = 40% weighting 
• Economic performance = 30% weighting 
• Technology performance = 30% weighting 

 
These weighting assumptions allow for a balanced consideration of each country’s overall 
efforts.  For developing countries, overall scoring reflects a weighting of 60% for environmental 
performance and 40% for economic performance.  It should be noted that scores for developing 
countries were assigned based only on a comparison of their (i.e. developing countries’) relative 
performance, and are not comparable to scores assigned for developed countries. 
 
In order to better distinguish between countries’ overall scores, these scores are rounded to the 
nearest tenth (e.g. 0.1).  Table 5 provides the final scoring.  
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Table 5: Overall scores for countries’ performance on climate change 
Summary Scoring Table   

 
 EU Germany UK Spain Netherla

nds 
Canada U.S. Japan China Brazil Mexico India 

Environmental 
criteria 3 4 5 1 4 2 1 2 3 2 2 2 
Economic criteria  5 3 5 1 5 4 1 3 3 5 4 3 
Technology criteria  3 2 2 1 3 3 4 5 • • • •  
Overall country 
score (1-5) 3.6 3.1 4.1 1.0 4.0 2.9 1.9 * 3.2 2.1 ** 2.3 2.0 1.7 

* See discussion below 
** Note:  Developing countries’ scores are not comparable to scores for developed countries. 
 
As discussed in Section II, scores for U.S. performance against environmental criteria would be higher if the U.S. were to impose a 
policy that relies on either a price mechanism or an emissions cap.  The policies and their effects are described in Section I.   For the  
price mechanism we would assign a score of 2 for environmental criteria.  If the U.S were to impose a carbon cap as described in 
Section I we would assign the U.S. a score of 3 for environmental criteria.  Both of these scenarios, which were modeled for NCEP, 
also assume that covered entities would be able to purchase emissions reductions from abroad, such as Kyoto Protocol compliance 
instruments or otherwise eligible emission reduction credits from developing countries.  If the U.S. were to allow for international 
trading to achieve compliance with a domestic emissions limitation, we assume that it would make efforts in market formation and 
flexibility that would likely justify the U.S. receiving a score of 3 for economic performance.   
 
In the $20 carbon tax scenario, therefore, the U.S. would receive scores of 2 for environmental criteria, 3 for economic performance, 
and 4 for technology performance.  Its overall weighted score in this scenario would be 2.9, compared with 1.9 without the tax. 
 
In the carbon cap scenario, the U.S. would receive scores receive scores of 3 for environmental criteria, 3 for economic performance, 
and 4 for technology performance.  Its overall weighted score in this scenario would be 3.3. 
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Memorandum 
To:  Jason Grumet, Executive Director, National Commission on Energy Policy 

From:  Dirk Forrister, Managing Director, Natsource Tullett Europe 

Re:  Supplemental Report on EU National Allocation Plans 

 

In February 2004, Natsource provided a report to the National Commission on Energy Policy on the emerging 
climate change policies in twelve selected jurisdictions.  As part of that study, we focused on the European Union 
as a whole as well as four Member States (Germany, United Kingdom, Spain and The Netherlands).  We 
summarized the climate change policies utilized in these jurisdictions, and we reviewed the expected results. 

Next, we developed and applied a methodology for scoring the effectiveness of these national and EU programs 
in environmental, economic and technology aspects.  The EU, UK and Netherlands scored highest, but we noted 
that the results depended in part on early projections of the expected seriousness of the EU emissions trading 
program.  In particular, we noted that the real answers would depend on the actual allocations, which had not yet 
been made.  Results could change, for example, if nations failed to implement policies complete allocation plans – 
or if they allocated softer-than-expected targets to firms covered by the emissions trading program.   

As a “cap and trade” program, the EU emissions trading program will limit emissions from energy and industrial 
facilities by issuing a limited number of CO2 allowances to each installation – the limits reflect the amount of 
reductions needed to meet the Member State’s share of the Kyoto target.1  These allowances will be issued 
according to National Allocation Plans (NAPs) that prescribe the specific legal limits on CO2 emissions from 
each installation covered by the program.  The initial NAPs apply in 2005 – 2007 as a lead-in to the Kyoto 
Protocol compliance period (2008 – 2012). 

The actual allocations are still under development at present – but more information is available than at the 
writing of our first report.  We agreed to provide you with a Special Report for your June meeting to summarize 
progress on the NAPs, which is attached.  This Report provides an update on the progress on these Plans in the 
EU as a whole, as well as in the four Member States on which we focused in the Report (Germany, United 
Kingdom, The Netherlands and Spain).   

The NAPs described in this Report are still “works in progress.”  The European Commission has not taken final 
decisions on NAPs to date.  Consultations are now underway between Member States and the Commission aimed 
at completing action on the NAPs by the end of September.   

Please let me know if we can be of further assistance in providing information and analysis about the emerging 
global response to climate change. 

                                                 

1 Like the US SO2 control program, for every tonne of CO2 emitted by an installation during the compliance period, it must tender an 
allowance to the government.  The ETS allows trading of emissions allowances to ensure that the most cost-effective abatement 
opportunities can be harnessed across the 25 Member States of the European Union. 
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Special Report: Status of EU Emissions Trading Allocations 

1. Introduction 

The EU Emissions trading program continues to make progress toward launch in January 2005, with 
developments this past spring that will effect the overall environmental performance of the program.  In market 
terms, these developments can be analyzed according to supply and demand impacts for the system.   

On the demand side, the big issue of the day is the allocation process, which will set specific limits on each 
installation covered by the program.  These allocations reflect the real environmental performance, and they 
determine the “demand” in the market.   

This process of developing National Allocation Plans (NAPs) is proving to be quite a challenge for Member 
States, given the technical, economic and political dimensions of decisions. Pursuant to the emissions trading 
Directive that the EU adopted in October 2004, Member States were scheduled to submit proposed NAPs to the 
European Commission (EC) by March 31, 2004.  This was to be followed by a 90 day review and consultation 
period for the EC and Member States, aimed at achieving final approved NAPs by September 30, 2004.   

The NAP process is now encumbered with delays in a number of jurisdictions, but it is moving along steadily in 
most nations.  The European Commission faces a major task from now until September to complete review of 
the NAPs and to finalize installation level limits. The approaches taken by various Member States differ in many 
respects, making them difficult to compare and evaluate.  The deadlines for review are tight.  And the political 
reality is that it is hard for the EC to impose major changes in NAPs, given that they emerged from very tough  
Member State negotiations with industries.  

On the supply side, the major development is with recent policy decisions, the EU market will be open to project-
based emission reduction credits from outside the EU – even prior to the Kyoto Protocol’s entry into force.  This 
will increase the available supply and lower prices while achieving the same environmental goals.  This possibility 
was opened when  the EU completed action in April on an additional Directive that permits “linking” with the 
Kyoto Protocol’s Clean Development Mechanism (CDM) and Joint Implementation regimes (similar to CDM, 
but related to credits created in developed countries, such as those in Eastern and Central Europe).  The practical 
effect, in the near term, is that CDM credits will be valid for compliance in the EU ETS from the programs 
inception in 2005. 

Given these developments, the EU emissions trading market has responded in small ways.  Corporate traders 
continue to engage in trades of small but steady volumes of EU allowances, based on expectations of market 
characteristics in the coming year.  Current prices are in the € 9.50 – 10.50 range (US $11.45 – 12.66).  These 
trades reflect corporate expectations about the likely  stringency of the final NAPs and the potential for CDM 
supplies to materialize in the 2005- 2007 period. 

This report will explore the process of developing NAPs, followed by results of the proposed NAPs across the 
EU as a whole and in Germany, the United Kingdom, The Netherlands and Spain.  In the discussion of these 
NAPs, it will summarize the basic approaches to allocation, and it will highlight the challenges that governments 
are encountering in setting allocation levels.  It will offer an outlook of where the program and the market are 
heading.  Finally, it will assess whether the NAPs are trending in a direction consistent with our scorings of the 
EU and the four Member States we analyzed in our previous report. 
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2. Main Findings on NAPs 

In reviewing the available NAPs, our main findings are as follows: 

1. Aggregate results of the draft NAPs show less stringent allocation levels than most analysts had expected.  
However, even with the modest reductions required, the NAPs constitute the most significant international 
greenhouse gas control program established to date.  

2. Installation level allocation data is still unavailable in most jurisdictions, making it difficult to verify the 
amount of reductions that will be instituted.  The EC is strongly supportive of a transparent process, but in 
practice it is guarding emissions and allocation information carefully, given the competitive dynamics and 
market sensitivity.   

3. There are some useful modeling estimates that provide insights into the environmental impact of the draft 
NAPs.  These show that the first phase is now expected to be significantly less stringent than initial 
expectations. 

a. Before NAPs were submitted, analysts had predicted that, based on initial indications from national 
officials and modeling estimates, the initial NAPs would create net reductions across the EU of between 
50 – 75 million tonnes per year for the 2005 – 2007 period and 170 to 200 per year for the 2008 – 2012 
period.2   

b. However, given the actual allocation results of the initial draft plans, these estimates are now being 
revised – as it appears that the NAPs submitted to the EC by Member States reflect more modest 
reductions of more like 20 – 50 million tonnes per year.   

4. These results are far from being definitive.  The EC is currently evaluating Member State proposals, most of 
which are incomplete.  The EC has not given its final acceptance of any plan.  These targets could grow even 
more stringent as a result of the EC’s reviews to ensure that the allocations will put each Member State on a 
trajectory to achieving its Kyoto target and that no allocations give unfair advantage to a firm’s 
competitiveness.   

5. The EC has signaled its disappointment with some NAPs, which many observers (and some traders) believe 
will lead to a tightening of some NAPs.  EC officials have expressed concern that modest allocations could 
result in such low prices that firms will not see financial incentive to adopt serious changes in corporate 
activity in improving emissions performance at their own facilities—they will instead buy very low cost 
credits from the market.3   Corporations counter that, given the short lead times, it would not be feasible to 
drive significant change in the first phase—and that significant environmental gains and market development 
could occur most effectively if done gradually from a modest beginning. 

6. However, the Commission must consider whether it is more important to meet the deadlines for program 
start-up in January 2005 or to launch a lengthy process of rejecting NAPs for substantial revisions.  Given the 
political difficulty of the EC insisting on major changes to NAPs, it appears more likely that its 
recommendations will focus on specific areas for improvement rather than wholesale changes.  This is 
particularly true, given that the Commission wants the program to start on time on January 1, 2005. 

                                                 
2 Dresdner, Kleinwort, Wasserstein. C. Rowland, “Impact of Emissions Trading on Wholesale Power Market”, 6th Eurelectric Trading Day, April 2, 2004;  
McKinsey & Co., A. Volpin, “Understanding drivers of “Carbon” Price and Implications on the Power Wholesale Market, 6th Eurelectric Trading Day, April 2, 
2004. 

3 Remarks, Peter Vis, Deputy Head, Climate, Ozone & Energy Unit, Environment Directorate General, European Commission – following speech 
“Implementing the Emission Trading Directive,' Carbon Market Insights Conference, 20 April 2004.  
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7. Amongst the specific plans, Germany’s stands out as a prime example of the difficulty of advancing climate 
policies.  Germany, with a proud history of environmental leadership in Europe, has the most installations of 
any Member State included in the ETS.  

a. Given the major reductions that occurred during the reunification, its Kyoto target is within range – 
although recent estimates show that some effort is still required to reduce growth in emissions.  As a 
result, it was expected to be a trend setter in taking on serious targets within the NAP.  

b. In March 30, 2004, Germany proposed a NAP that would require 2 million tonnes per year reduction 
from “business as usual” (BAU) levels.  Analysts had expected Germany to set targets equivalent to the 
voluntary commitments already in force between government and industry—requiring 15 million tonnes 
per year from BAU levels by 2010.4  Germany believes that the proposed level is still in keeping with its 
Kyoto target, but more appropriate in the current economic climate.   

c. Politically, Germany found it quite difficult to reach agreement on the size of industry’s obligation, given 
the economic stakes of requiring serious controls.  Minister of Environment Jurgen Tritten initially 
proposed adopting in the NAP the same level of control that had been agreed in voluntary commitments 
with industry.  However, Minister of Economy Wolfgang Clement prevailed in winning an even softer 
control program, signaling to other EU Member States that Germany would not create significant new 
reductions with the NAP. 

8. The strongest allocations proposed are in the United Kingdom and Denmark.  While they propose that 
“business-as-usual” (“BAU”) targets be established for installations in the steel, refining, cement, pulp/paper 
and ceramics/glass sectors, they set targets for power sectors with significant improvement:  in the UK (over 
15% reduction from current levels, plus reductions in allocations to fund new entrant reserves) and Denmark 
(15% from projected BAU levels). 

9. The weakest allocations appear to be Austria which proposes that emissions from traded sectors could rise 
above current levels and decline later to meet Kyoto levels; and Italy, which proposes allocations above 
business-as-usual levels.  The jurisdictions from Eastern Europe generally apply business-as-usual targets, 
with extra reserves for new entrants and early action crediting. 

10. Given recent changes in government from Spring elections, neither Spain nor Greece have completed their 
NAPs.  Also, France has been mired in bureaucratic process that only produced a draft NAP a week ago, on 
June 10, 2004.   The EC has commenced infringement actions against these countries, as well as against 
several that are completed in draft form, but have not been formally submitted until public consultations are 
completed. 

11. Member States are vigorously defending their decisions to impose modest reductions in this early phase.  The 
most significant reasons given for refraining from imposing stricter targets are: 

a. Recognition that several of the covered sectors are subject to serious international competition, making it 
difficult to impose heavy costs.  Given this reality, most Member States impose tougher obligations on 
the power sector, which is not subject to significant competition from outside the EU.  In addition, the 
power sector is believed to have lower cost abatement opportunities than other sectors – and it is well 
positioned to pass along increased costs to customers. 

b. Belief that the remaining elements of Member States’ Kyoto implementation programs will be successful 
in delivering adequate reductions – notably augmented in several instances with national purchasing 

                                                 
4 See “German NAP:  Who would have thought?” Ingo Puhl, Guest Commentary, PointCarbon, April 2, 2004. 
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programs of CDM and JI credits. (The Netherlands, Austria, Denmark, Finland, Sweden, Belgium and 
Italy). 

c. Assertion that a gradual start is prudent to get the system going, after which greater stringency can be 
adopted in the 2008 – 12 phase.  Given that the 2005-07 phase is not required under the Kyoto Protocol, 
governments contend that a gradual phasing in is permissible. 

d. Recognition that given the tight timeframes for the 2005-07 phase, there is not sufficient lead time to 
expect major changes in behavior – so those changes will be phased in more rationally for the 2008 – 12 
period. 

12. A significant issue is brewing about the effect of these NAPs on power prices across the EU.  Large 
industrials are concerned that the power price impacts are a bigger issue than industrial allocations.  They fear 
that with marginal cost pricing and little ability to lock in long term contracts, they are exposed to major rate 
hikes.  They believe that power firms will reap windfall profits.  In Ireland, the government agreed and 
imposed a condition in the NAP that any windfall profits from Irish power firms must be returned to the 
government. 

13. Our outlook is for the Commission proposes modest changes with the rational that the corrections can be 
made in the next round of NAPs.  Market implications of these developments are fairly simple.  With the 
adoption of the Linking Directive, more supply will be available in the market—and with moderate NAPs, 
modest demand will appear.   

14. Related to Natsource scoring, it is important to recognize that these NAPs apply to a period before the Kyoto 
Protocol compliance period.  As such, any environmental gains are not required by Kyoto and constitute an 
extra benefit for the global environment.  Nonetheless, the next round of NAPs – for the 2008 – 2012 
period—will need to be significantly tougher than the current NAPs if they are to achieve Kyoto levels. 

15. In terms of the Natsource scoring, we believe that the scores would change slightly for Germany, since it is 
proposing to weaken the levels promised in voluntary targets.  The UK would remain the world leader with 
the strongest performance.  The Netherlands would score well, due to its national purchasing program.  Spain 
scored poorly before—due to insufficient policies and high emissions growth.  Since no NAP is available 
from Spain, we cannot improve its score.  The EU as a whole would still receive a high score, although it may 
be appropriate to downgrade it once final allocation information is available.   
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3. The NAP Process 

Before reviewing the contents of the available NAPs, it is important to understand where they are in the process.  
Under the EU Directive on an Emissions Trading Scheme, Member States were required to submit proposed 
National Allocation Plans (NAPs) by April 30, 2004 for the Commission’s review and approval.  Similarly, the 
New Member States (often referred to as “Accession Countries”) must submit proposed NAPs one month after 
their entry into the EU, which occurred on May 1, 2004.   

The Commission has 90 days after submission of a complete draft NAP in which to accept or reject them.  
Commission officials emphasize that it may return plans for further clarification before initiating the review 
procedure, and that the start of the 90-day period will toll only upon receipt of comprehensive documentation in 
support of a proposed NAP.   

In principle, this schedule would mean that NAPs would be made final by July 1, 2004 for Member States and 
August 1, 2004 for Accession Countries.  However, the Commission is now in the process of establishing 
whether sufficient documentation is available on which to begin its review.  If it determines that more 
information is required, it would delay its review until the information is provided.   

The NAP process is highlighted in the chart below: 

 

Linking Directive

EU Trading 
Directive

NAPs due for 
EU 15

Deadline for 
NAP rejection

Start of Compliance 
Period

Allowances 
Distributed

NAPs due for 
Ascession

2003 2004 2005 2008

End of 1st Phase

Linking Directive

EU Trading 
Directive

NAPs due for 
EU 15

Deadline for 
NAP rejection

Start of Compliance 
Period

Allowances 
Distributed

NAPs due for 
Ascession

2003 2004 2005 2008

End of 1st Phase

 

The Commission has 90 days after submission of a complete draft NAP in which to accept or reject them.  
Commission officials emphasize that it may return plans for further clarification before initiating the review 
procedure, and that the start of the 90-day period will toll only upon receipt of comprehensive documentation in 
support of a proposed NAP.   

In principle, this schedule would mean that NAPs would be made final by July 1, 2004 for Member States and 
August 1, 2004 for Accession Countries.  However, the Commission is now in the process of establishing 
whether sufficient documentation is available on which to begin its review.  If it determines that more 
information is required, it would delay its review until the information is provided.   
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On January 7, 2003, the European Commission provided formal guidance to Member States regarding the 
allocation process.  (Further information on this Guidance is included in the Appendix to this Report.)  Amongst 
a set of eleven considerations, the Commission will focus on two primary considerations in its NAP review: 

 Whether a NAP, combined with other national policies, puts a Member State on a path to achieve its 
Kyoto Protocol commitment; 

 Whether a NAP institutes controls in a way that does not distort competition, in keeping with EU 
“state aid” rules5, and does not give any installation more allowances than are likely to be needed. 

The Commission’s Directorate for Competition and Directorate for Environment issued joint letter to Member 
States, making clear that EU greenhouse gas allowance allocations are presumed to constitute “state aid,” and that 
the measure of whether this aid is “unfair” will depend on a number of circumstances.6  The letter indicated that 
the first phase allocations would be not be formally “notified” for review on state aid, unless major problems 
were apparent. 

The larger problem at present appears to be procedural delays.  NAPs must first be released domestically in each 
Member State for a period of public consultation, after which an official submission can be made to the European 
Commission for review.  Some Member States have failed to issue the initial draft for public comment, and others 
have missed the deadline for submission to the European Commission while public consultations are underway.   

On May 18, 2004, the Commission initiated legal action against six nations that failed to meet the March 31 
deadline:  Belgium, France, Greece, Italy, Portugal and Spain.  Legal action entails two formal warning letters to 
the countries, followed by a filing at the European Court of Justice, the EU’s top court, which can compel the 
countries to complete their duties.  Presumably, the timeframe for completing legal action would take two or 
three years, during which time the situation is likely to be remedied.  However, Commission officials warn that 
industries adversely affected by Member State delays may have cause of action against the Member States for any 
financial losses associated with the delays.7 

4. European Union as a Whole 

The EU ETS applies to major sources of CO2 emissions in the electric power, oil and gas production/refining, 
district heating, cement, steel, forest products and glass/ceramics.  It applies equally to all 25 nations in the EU, 
including the original 15 Member States and 10 Accession Countries.   

                                                 
5 State aid rules are described fully in our previous report.  These rules prohibit a Member State from offering support for a domestic firm that gives unfair 
advantage against its competitors. 

6 European Commission Direcorate Generals for Environment and Competition, Letter to Member States dated 17 March 2004, Brussels. 

7 Peter Vis, Deputy Head, Climate, Ozone & Energy Unit, Environment Directorate General, European Commission – “Implementing the Emission Trading 
Directive,' Carbon Market Insights Conference, 20 April 2004. 
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The chart below describes the “state of play” for each Member State in its NAP development.  The most 
advanced NAPs are those submitted with installation level data in the far left column.  The least developed NAPs 
are those in the far right column, where a set of countries are still developing initial draft plans. In between these 
extremes are the NAPs in the process of public review and those lacking installation level data, both of which are 
requirements before formal submission to the Commission. 

 

 Submitted NAP with 
installation level 

allocation 

Submitted NAP with 
Sectoral Target – but no 

installation level 
allocation 

NAPs in public domain 
for comments 

Developing initial drafts

Ireland Austria Portugal Spain 

Denmark Germany Belgium Greece 

Luxembourg United Kingdom Italy Cyprus 

Sweden The Netherlands Czech Republic Hungary 

Slovenia Finland France Malta 

Lithuania Slovak Republic  Poland 

Latvia Estonia   

5. Quantitative Estimates of EU NAP Proposals to Date 
In the EU as a whole, the NAPs are now expected to achieve a modest environmental improvement of between 
20 – 50 million tonnes per year.  One assessment, made public by Dresdner Klein Wasserstein in April 2004, had 
indicated around a 50 million per year net reduction.  (See chart below.)   However, we understand that it is now 
revising the estimate downward, given Germany and Italy’s weaker-than-expected allocations.   

 Instead of the 15 million tonnes in demand from Germany, only around 2 million is now expected.   
 Similarly, instead of nearly 20 million tonnes per year in demand from Italy, a slight surplus was 

allocated.   
In light of these changes,  McKinsey and Co. recently released estimates of around 20 million tonnes per year 
(compared to 75 million per year it had forecast earlier), based on NAP data available to date.   
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Source: Dresdner, Kleinwort, Wasserstein.  

C. Rowland, “Impact of Emissions Trading on Wholesale Power Market”, 6th Eurelectric Trading Day, April 2, 2004;   

Even at the low end of these estimates, the EU program will be achieving a significant step toward its Kyoto 
target.  This will become the world’s largest greenhouse gas emissions trading program, but it will need to achieve 
much larger reductions in the Kyoto Compliance period (2008 – 12).   

Many observers believe that governments now recognize that, with the program launching next year, there is not 
enough time to achieve more significant reductions.  In a practical sense, firms need time to plan, decide on 
technology changes, raise the needed capital and adopt the changes—which can take a year or two, depending on 
the complexity of the industrial facility.  Further, the governments knew that pressing for aggressive targets in the 
first phase could be costly and could raise significant political opposition.  This was particularly dramatic in 
Germany, where the Ministers of Environment and Economy squared off in a fierce public debate about the best 
approach.  When the Economic Minister prevailed in winning a gradual start with modest reductions, other 
Member States began to follow the example. 

The chart that follows highlights the modest progress expected from the NAPs to date, in light of other programs 
and government purchases.  Much of the challenge of “non-covered” sectors arises from growth in transport 
sector emissions.  In some nations (Netherlands, Denmark, Italy), the government is adopting its own purchasing 
strategy to compensate for growth in transport and household sectors. 

Several EU officials have acknowledged the challenge of growing transport sector emissions, making remarks to 
the effect that “the transport sector is next” for contributing to the Kyoto targets – potentially through inclusion 
in a trading regime.  There is also discussion about a potential aircraft emission trading program, which would 
occur in parallel with the Kyoto Protocol under the International Civil Aviation Organization (ICAO). 
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Member States included – The Netherlands, Austria, Denmark, Germany, Finland, Luxembourg, Switzerland, Ireland & Italy  

6. Focus on Four EU Member States 
 

In this section, we will provide some high-level comments about NAP activities in four countries selected for this 
project as a small but representative sample of EU Member States  The four include the two largest emitting 
nations (Germany, United Kingdom), the fastest growing (Spain) and a small nation that is a known leader in 
climate policy (The Netherlands).   

a. Germany  

The German allocation process has made headlines, given a lengthy and heated battle between the Ministry of 
Environment and the Ministry of Economy.  Initially the trading sectors and the Government agreed to base the 
national allocation plan (NAP) on a voluntary agreement from 1998. However, as discussions between German 
industry, the Ministry of Environment and the Ministry of Economy progressed, strong differences in opinion 
quickly surfaced. The problems resulted from differences between the two ministries on the overall CO2 cap to 
be applied. The Ministry of Environment published a draft NAP which foresaw a cap of 488 MtCO2 per year for 
the energy and industry sector, including non-trading sectors for 2005 to 2007 and 480 Mt annually after that. 
This draft was derived from collected emissions data and the voluntary agreement with industry. However the 
Ministry of Economy, backed by German industry, wanted this cap set at a minimum of 500 MtCO2 per year.  

After over a month of often heated discussion (meetings have been abandoned or boycotted entirely, accusations 
about agendas flying and the Chancellor became involved) , the final agreement reached at the end of March 2004 
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allocated all energy and industry companies 503 million tonnes annually in the period 2005 to 2007, and 495 
million tonnes annually from 2008 to 2012.  
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Source: - IETA data  

For those installations covered by the EU ETS this amount to an allocation of 499 MtCO2 per year for the 1st 
phase. Currently emissions in Germany from the covered EU ETS installations are about 501mtCO2 per year, 
resulting in a shortfall in the first phase of 2mt CO2e per year. 

The German NAP is one of the most complicated to analyze.  It contains a number of special allocation rules, 
covering scenarios ranging from nuclear shut-down adjustments to combined heat and power reserves.  These 
rules make adjustments in allocations after the compliance year, in some instances, which will make trading more 
complicated for effected participants.  For example, the new entrant reserve supplies allowances according to a 
benchmarking formula, but an ex post adjustment is imposed if the facility does not operate as long as implied by 
the benchmark—in other words, the extra allocation must be returned to the reserve if the unit is underutilized.  
Also, the set of reserves may or may not be fully utilized.  Thus, these factors could impact the performance of 
the market in Germany. 

In Germany, the NAP must be approved by both houses of parliament before submission to the EC.  The lower 
house passed it with minor modifications (reportedly further softening in industry’s favor), but the upper house – 
controlled by the opposition party-- rejected it on June 11.  At present, the two houses are negotiating with the 
government on a final package. 

In the midst of parliamentary wrangling, industry problems are intensifying.  Germany’s fourth-largest power 
utility Energie Baden-Württemberg (EnBW) (which is part owned by Electricite de France), announced on 2 June 
it intended to challenge its allocation under the German NAP at both German and European level.  It believed 



 PROPRIETARY & CONFIDENTIAL 
 

 
 

12 

that the German legislation would lead to serious distortions in competition between the energy companies to 
EnBW’s disadvantage. To support this claim, they pointed to expert external opinion which put their 
disadvantage relative to their competitors as approximately EUR 1 billion. 

 

b. United Kingdom 

With the experience gained through the UK Emissions Trading Scheme, which began in April 2002, the UK 
Government became one of the leaders in driving the development of the EU ETS. The Department of 
Environment, Food and Rural Affairs (DEFRA) led negotiations on the development of the UK NAP and 
conducted consultations and discussion with industry on several levels from early 2003. As a result the UK was 
the first to publish its draft NAP on the 19th January 2004 in the hope that it would send a signal to other 
Member States as they developed their NAPs that the UK was serious about enforcing stringent targets. In 
addition they hoped the early publication would give plenty of time for a thorough consultation process with 
industry to occur.  

The response to the NAP from industry was overwhelming. It immediately became clear that there were several 
problems with the baseline data used by DEFRA and the assumptions in the DTI energy projections used to 
calculate the overall and sector level caps. This resulted in many changes to the revised NAP submitted to the 
European Commission at the end of April 2004.   It was somewhat weaker than the initial proposal. 

In deciding the UK’s overall allocation, the UK Government considered not only the UK’s Kyoto Target (12.5% 
from 1990 levels), which it has already achieved, but also its own domestic CO2 reductions target (20% CO2 
reduction from 1990 levels by 2010). The proposed NAP is based on estimations of each sectors total projected 
emissions in 2010, and then makes adjustments for the additional savings which the EU ETS sector should 
deliver. 

 

Source: UK National Allocation Plan 
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The UK plans to use a two stage approach to allocate allowances to EU ETS participants.  First, the total number 
of allowances is calculated for the sectors according to a top down approach.  This calculation is based on 
projected emissions between 2005-2007 as calculated through the DTI updated energy projections (UEP)8. The 
updated projections show the expected level of total UK emissions of CO2 over the next few years taking 
account of latest forecasts of emission reductions gained through the policies set out in the Climate Change 
Programme (See UEP with measure in Chart 1 below).  Second, the allocations are proposed for installations 
within each sector based on their share of historic emissions within the sector in the baseline period.  

The UK proposed to place most of the reduction burden on the power sector of 5.5 MtCO2 below its projected 
emissions.  It proposes to allocate industrial sectors covered by the scheme an amount of allowances equal to 
their projected BAU emissions.   

This represents a slight weakening from the initial draft NAP issued in January.  It set targets for 2005-07 in line 
with projected total UK CO2 emissions to be reduced by 16.3% from 1990 by 2010. There was little weakening 
of the target in the revised UK NAP with the target now based on a reduction of 15.4% by 2010 on 1990 levels. 
This is an increase of 21.5Mt CO2 from the first draft, mainly due to increases in the projected emissions 
following UEP updates and an increase in the number of installations from approx 900 to 1,080. The UK is to 
allocate 736Mt CO2 to installations over the first phase, 2005-07. 

The UK plans to allocate 92.3% of the total quantity to existing installations, which will be issued for free in three 
equal installments. The remaining 7.7% will form a new entrant reserve (NER) of 56.8m allowances which will be 
made available to new installations and certain existing installations that will be given access to the NER.  If there 
are any allowances remaining in the new entrant reserve at the end of any year in Phase 1, these will be auctioned. 

c. Netherlands 

The first draft Dutch NAP was published initially on February 24, 2004.  After a round of public consultation, it 
was revised slightly before final submission to Brussels.  

The initial NAP allocated to the sectors covered by the EU ETS a total of 98.1 MtCO2 per year in the period 
2005-2007.  This number reflected the fact that the total CO2 cap for all energy and industry companies, 
including those not covered by the EU ETS, in 05-07 was 115 MtCO2 annually. For 2010, the government is 
assumed an emission target for these sources of 112 MtCO2, in line with the national Kyoto target. 

The revised NAP submitted to the European Commission was 200,000 tonnes higher.  The government adjusted 
the allocation to 85 of the included companies, citing calculation errors or poor data quality, using an across-the-
board revision9.  

The Dutch NAP calculated allocations on the basis of historical emissions, but with a formula that adjusted for 
expected growth in the sector and energy efficiency improvements (against best-in-class international 
benchmarks).  After assessment of these factors, it applied a further correction factor to ratchet emission 
allocations down to the required levels.10 

                                                 
8 Energy Paper 68: Energy Projections for the UK, November 2000, The Stationery Office: www.dti.gov.uk/energy-projections.htm  

9 Dutch National allocation plan regarding the allocation of greenhouse gas emission allowances to companies, 16 April 2004.  The calculation factor 
restricting projected emissions was raised to 0.97 from an original level of 0.96, resulting in the total annual allocation of CO2 emissions in the first phase 
being raised from 98.1 MtCO2 in the draft to 98.3 MtCO2 in the complete version 

10 The formula used to calculate individual allocations was as follows: 

A = HE x G x EE x C, where: 
A = the allocation to an individual installation 
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In addition, the Dutch NAP sets aside four million tonnes annually for New Entrants. The rules defining a new 
entrant were slightly clarified in the revised plan, leading to potentially more companies being included, so some 
of the remaining 94.3 MtCO2 might also be allocated to new entrants. 

The Netherlands has decided to offer installations that officially fall within the scope of the directive but which 
emit less than 25,000 tons of CO2 per annum the option of remaining outside the trading system. This opt-out 
provision must first be approved by the European Commission 

0

50

100

150

200

250

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010
Trading Sector Emissions Non Trading Sector Government Purchases Kyoto Target Trading Allocation

Dutch Allocation - Tonnes CO2 Per Year

Industry 
Allocations

Kyoto 
Target

Current 
Gap

Governmen
t Purchases

Non Trading 
Sector Emission

covered by other 
polices and 
measures

Trading Sector 
Emission

 

 Source: - IETA data  

d. Spain 

Citing recent changes in the national Government, Spain has not yet produced a NAP.  However, Spain´s 
General Secretary for climate change, Arturo Gonzalo Aizpiri, had aimed to submit the Spanish national 
allocation plan (NAP) to the EU Commission by the 1 July 2004.11  More recently, reports emerged that it has 

                                                                                                                                                                   
HE = the historic emissions (2001-2002) 
G = the sector growth (2003-2006) 
EE = the relative energy efficiency 
C = the correction factor to remain below the overall emission ceiling (0.97) 

The correction factor means that installations will be allocated only 97 per cent of their average 2001/02 emissions, but as sectors production growth and 
performance against current benchmarks (allowing credit for early action through the efficiency level factor) are taken into account, some companies will still 
be able to increase their emissions from base year, or at least see the reduction requirements minimised.  

11 “Spain Promises NAP by 1 July Amidst Industry Doubts,” PointCarbon, May 28, 2004. 
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agreed with the European Commission to submit the NAP by August 1 so that it can conduct public 
consultations.12 

If the Spanish NAP is to put Spain on the road to it’s Kyoto targets, it would mean stringent emissions caps for 
Spanish companies covered by the EU ETS, forcing them to take significant domestic action to cut emissions as 
well as buy credits in the market.   

To illustrate the magnitude of Spain’s challenge, it is expected to grow from its 1990 emissions levels of 352 
million tonnes of CO2 equivalent to between 403 million tonnes (under existing policies) and 467 million tonnes 
(with additional policies).  It’s target is 362 million tonnes – meaning that it is likely to be between 40 and 105 
million tonnes short of its target in 2010.   

 
Source:  Greenhouse gas emission trends and projections in Europe 2003, European Environment Agency, December 2003. 

 

At present, energy and industrial firms are impatiently waiting for the draft NAP proposal. Negotiations between 
the Ministry of Environment and the energy, cement and construction sectors are in their final stages. 

Sectors have been clear in publicly voicing their opinions on how the NAP should be structured and differences 
exist. The Spanish ceramic industry has requested a benchmarking approach to its CO2 allocation and Oficemen, 
the Spanish cement sector’s employer's association, has asked the Government to consider a 2% carbon reduction 
as the maximum viable target when drawing up the national allocation plan (NAP). 

7. Outlook and Market Reactions 
The outlook is that the EU ETS will become a reality, and it will continue for the foreseeable future.  At a recent 
“Carbon Expo” gathering of 750 industry and government leaders convened by the International Emissions 
Trading Association (IETAand the World Bank, an expert panel concluded that there was virtually no chance that 
the EU trading program would be halted in the 2008 – 2012 period, and only a very minor chance that it would 
not continue thereafter.  Also, a market survey led by IETA and Eurelectric of nearly 150 energy and industrial 
firms around the world found that 97% planned to participate in the global carbon market in the next 18 months. 

                                                 
12 “Draft Spanish NAP pushed back,” PointCarbon, June 15, 2004. 



 PROPRIETARY & CONFIDENTIAL 
 

 
 

16 

EU greenhouse gas market began transacting in June 2003 on small volumes of test trades.  The market gradually 
rose from the initial €5.00 per tonne range to over €13.00.  These prices were based on initial analysis of the 
reductions needed to get to Kyoto levels by 2008 – 12 in the EU, given that policies at the time appeared unlikely 
to allow imports from outside the EU if the Kyoto Protocol did not enter force.  

By March 2004, the market’s perception began to change.  Prices began falling back into the €5 – 7 range in 
response to the lighter stringency of the NAPs and the passage of the “Linking Directive” that made imports 
from the CDM possible with/without the Kyoto Protocol’s entry into force.  Put simply, the demand appeared to 
be softening, and the supply appeared to be increasing. 

In recent weeks, market prices have rebounded to around €9.50 – 10.50, on expectations that the EU 
Commission may strengthen the NAPs – and on belief the the CDM Executive Board process may produce 
limited supplies of CERs. 

Market perceptions will continue to rise and fall until the final NAPs are agreed and as the CDM process matures.  
The chart below reflects the EU market’s price performance in 2003- 2004. 
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Source: Natsource Trade Database 

Meanwhile, the global market for greenhouse gas credits has continued to strengthen.  In a new Market 
Intelligence Report for the World Bank released on June 9, 2004, showing that trading in the first part of 2004 is 
on track to double the level traded in 2003.  The chart below reflects the total traded volumes from 2001 – 2004. 
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Source:  Natsource Market Intelligence Report for the World Bank, June 2004. 
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Appendix 

Further Information on Allocations 

1. European Commission Guidance to Member States  

The ETS provided Member States with flexibility to make allocation decisions tailored to their unique national 
circumstances.  Broadly speaking, the allocations must specify the amounts expected to be emitted, in light of 
planned policies, from all sectors of the national economies – including both the sectors covered by the ETS and 
the sectors not covered (transportation, residential, commercial and others).  After justifying the amount of the 
nation’s emissions budget available for the traded sectors, the Member State must recommend a fair distribution 
amongst the different sectors (power, steel, cement, etc) and an approach for allocating to each individual 
installation within each sector.13   

The document highlighted eleven considerations, some mandatory and some optional, to guide Member States in 
their NAP development.14 

 Mandatory 
(M)/ 

Optional (O)

Total 
level 

Activity/ 
Sector 

Installation
level 

(1) Kyoto commitments (M)/(O) +   

(2) Assessments of emissions 
development (M) +   

(3) Potential to reduce 
emissions (M)/(O) + +  

(4) Consistency with other 
legislation (M)/(O) + +  

(5) Non-discrimination 
between companies or sectors (M) + + + 

(6) New entrants (O)   + 

(7) Early action (O)   + 

                                                 
13 Explanation from presentation given by Artur Runge-Metzger from DG Environment found at 
http://212.108.197.140/dokk/binary/33/36/97/rungemetzger_m_rc_18.pdf  

14 European Commission, “Commission from the Commission on Guidance to assist Member States in the implementation of criteria listed in Annex III to 
Directive 2003/87/EC establishing a scheme for greenhouse gas emission allowance trading within the Community and amending Council Directive 96/61/EC, 
and on the ciricumstances under which  force majeure is demonstrated” Brussels, 7 January 2004, COM (2003) 830 final. 
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(8) Clean technology (O)   + 

(9) Involvement of the public (M)    

(10) List of installations (M)   + 

(11) Competition from outside 
the Union (O)  +  

2. Allocation Methodologies 

The commission outlined acceptable allocation methodologies. The guidelines require at least 95% of all 
allocations to industry in 2005-7 with only the potential to hold back only 5% for public auction.  In response: 

 The UK chose to hold back 7.7% for new entrants, of which any remainders could be auctioned to 
existing players up to the 5% overall EU limit.  

 Denmark plans an auction of 5%. 
 Ireland plans a small auction of 0.75%/year to raise revenues to administer the regime. 
 Germany, the Netherlands and other Member States chose not to auction any of their allocation.  

 
Between 2008 – 12, each Member State must allocate at least 90% of allowances, and consequently they may 
auction up to 10%.  Germany has already indicated its intent to allocate 100% of its allowances in the second 
period as well. 

Most countries are using average historic emissions from the 2000 – 2004 period as a starting point for  
allocations for the power sector.  Some make adjustments for future projections.   

For other sectors (cement, steel, refining, ceramics/glass, paper), most nations are granting “business as usual” 
targets, citing the intense competition these sectors face from outside the EU.  In recent weeks, these sectors have 
begun raising more concerns about power prices impacts than allowance allocations. 

Questions remain regarding the number of allowances which are available to allocate. This is governed by the 
overarching ex-ante principle where the allowances are allocated prior to the start of a given compliance period.  
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Country Germany Netherlands UK 

Baseline 
calculation method 

Installations started:            
(1) before 1999: Ave 
2000-02              (2) 2000-
02: Ave 2002-20               
(3) 1 Jan 03 and 31 Dec 
04 - baseline data used in 
application.  

Average of 2001 and 
2002 emissions Ave 1998-2002 

 Number of 
installations  

2,400 333 1,080 

 Opt Out   No  

 Installations that emit 
<0.25 Mt can opt out. 
139 installations eligible, 
74 to apply for opt out  

 Companies covered by 
the UK ETS or CCAs 
given the option to opt 
out. Proposal needs 
approval from the 
European Comission  

499.00 98.30 226.44 

499.00 98.30 226.44 Allocations / year 
(MtCO2e) 

499.00 98.30 226.44 

Total 1st phase 
Allocation 
(MtCO2e) 

1,497.00 294.90 736.00 

Reserves per year 
(MtCO2e) 

NER = 3                            
COGEN = 1.5                   
Nuclear phase out = 1.4     
Early action = 2.4        

NER = 1.33 NER = 18.89                     
Priotity reserve for CHP 

Tonnes Auctioned 
/ year (MtCO2e) 

    Any remaninder from 
NER auctioned annually 
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3. Financial Implications of Allocations 
One important indicator of the seriousness of the EU program is cost, which is reflected in market prices. If the 
program is weak, then market prices will be low: if it requires significant emissions reductions , market prices will 
reflect in higher prices. This section of the appendix will review financial implications of the NAPs as well as the 
potential impact on power prices. 

a. Methodologies used to Estimate Market Size 
At this early stage, the financial implications of the EU emissions allocations are generally assessed by European 
analysts using fairly simple methodologies. As the market matures we expect much more refined approaches to 
become available. While we are aware that sophisticated economic modeling is currently available, it is not yet 
public. At present three main approaches are reflected in publicly available literature. 

 Value of Allocation. Some analysts assess the total market value by calculating the sum of the value 
of the total allocated allowances, since there is a theoretical possibility that a firm could shut down its 
operation and sell all of its allowances (although it is questionable whether EU jurisdictions would 
allow this). For example, PointCarbon estimates that the power sector alone will manage emission 
assets worth at much as EUR 9 Billion each year from 2005-2007.15 In a practical sense this type of 
valuation does not reflect the reality in most firms – which plan to tender the majority of their 
allowances for compliance and perhaps trade a modest portion of the allocation, depending on market 
prices. Under EU rules, Member States are bound to allocate only as many allowances as a firm needs, 
meaning that as a general rule, firms must take action to reduce emissions in order to create extra 
allowances to sell. As such, most firms view the market value as being tied to the portion that can be 
sold after meeting compliance or after low cost controls are implemented. 

 Market Growth Extrapolation. A second approach assessed the current market and extrapolates 
using growth rates from similar markets (notably the US SO2 market). PointCarbon also uses the 
approach to estimate the market value growing to between EUR 4 billion and EUR 7 billion in 2007. 
Given the significant differences in the US SO2 market and the EU ETS market, this approach is 
recognised to have limitations. 

 Demand Estimates with Market Prices. Emission traders and financial analysts tend to follow an 
approach that develops a range of potential demand related to the amount of reductions required. 
They then multiply this volume by a range of likely prices. This approach also has its limitations, since 
the demand estimates are not well understood. 

b. Assessment 

Of these three approaches, we believe the third offers the best indication of likely financial implication of the 
program costs, given that all governments are issuing at least 95% of allocations free of charge. As indicated in the 
Special Report above, we expect demand to develop in the range of 20 –50 million allowances pr year for the 
2005 – 07 phase. This number reflects the range of projections by financial analysts and IETA data on the NAPs. 
In the chart below, we note the implications of this market volume at EUR 5 per tonne (lowest prices traded to 
date) EUR 10 per tonne (average of current bid offer spread) and EUR 15 (just above the highest prices traded to 
date). 

This ‘back of the envelope’ estimate, based on currently available information on NAPs prior to the final approval 
is between EUR 300 million and EUR 2.5 billion total for the first phase (2005-7). 

                                                 
15 PointCarbon, ‘Emission trading: Impact on the Power Industry” June 2004 
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 EUR 5 / tonne EUR 10 / tonne EUR 15 / tonne 

20 mt/year EUR 100 million EUR 200 million EUR 300 million 
3 yrs @ 20mt EUR 300 million EUR 600 million EUR 900 million 
50mt/year EUR 250 million EUR 500 million EUR 750 million 
3 yrs @ 50mt EUR 750 million EUR 1.5 billion EUR 2.25 billion 

c. Power Price Impacts 

Beyond the market size, the major financial implication is on the cost of production of the underlying products in 
the covered sectors. Since NAPs apportion most of the emission reduction burden on the power sector, the direct 
impact of allocations on industrial firms is modest. Industrial sectors are given business as usual targets, so the 
program imposes little direct cost. Of course, their power costs are expected to rise. 

In a new survey of 200 European energy and industrial firms, an ‘overwhelming consensus’ of respondents expect 
power price increases, most for an average increase of 15%16. It cites no price per tonne assumption but it offers a 
good sampling of current expectations. This range compares quite favorably with recent McKinsey and Co. 
estimates that, in a 20 million tonne/year market where prices of EUR 10 per tonne prevail, a 12-24% increase in 
prices in phase one and 20-28% in phase two are projected. 

European Commission officials cite lower power price impacts in the 5-7% range. These compare favorably with 
earlier estimates in studies done for governments. For example, the Dutch Government commissioned a study to 
review power price impacts; CBP Netherlands’ Bureau for Economic Policy Analysis projected a 6.5% power 
price increase and tough international competition for their products.17 

Over the past year, industrial power users registered serious concerns about the impacts of power price hikes. 
They acknowledge that price increases are inevitable, but they believe power generators are positioned to reap 
windfall profits from the ETS because of the way he power prices are set. As Europe is making a transition from 
regulated power pricing to market based pricing, many power firms index their retail price to the wholesale price 
of the relevant power pool. Large industrials say that it is very difficulty to secure long term power contracts at 
fixed rates. Their prices are now completely dependent on marginal cost pricing into the relevant power pool, 
There are several power pools across Europe, and prices are not set in a uniform way. 

Industrial customers reasons that power generators will be able to pass through costs of achieving the EUS CO2 
targets. This will raise the prices for fossil fueled plants which are now (or will increasingly become) the marginal 
plants that set prices for the pool as a whole. In other words, as market prices increase the financial benefits will 
flow not only to the covered sources, but also to the CO2 free generation (hydro, nuclear, wind, biomass, etc.) . 
Industrials complain that this benefit Is unjustified, since the power generators received the allocations fro free. 
The chart below, developed by the European Associations representing Energy Intensive Industries illustrates 
these concerns as they see the issue in the Nordic power market.  

                                                 
16 Ernst & Young, ‘The European Union Emissions Trading Scheme: A chellenge for industry or just an illusion?’ June 2004 

17 Mannaerts, H., and M. Mulder (2003): Emissions Trading and the European Electricity Market –  Consequences of emissions trading on prices of electricity 
and competitiveness of basic industries, CPB  Memorandum, CPB Netherlands’ Bureau for Economic Policy Analysis, The Hague. 7 January 2003 
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NCEP Staff Summary Paper –  
Allocating Emissions Allowances Under a Carbon Cap1 
 

If the United States institutes a cap-and-trade program to reduce greenhouse gas 
emissions, important policy decisions will need to be made concerning the allocation of 
emission allowances. These decisions will have important implications for the overall 
cost of the program and for the distribution of effects across households, industry sectors, 
individual companies and geographic regions. Allocation is not necessarily the most 
significant factor determining ultimate cost and political viability – and no allocation can 
alter the likely energy price increases, make all stakeholders better off, or reduce costs to 
zero.  Nonetheless, its link to distributional concerns, in particular, makes these decisions 
both central to, and highly contentious in, the design of a cap-and-trade program.  
 

This briefing paper summarizes key findings from three separate and more 
detailed papers sponsored by the Commission to explore issues around allowance 
allocation. The first, by Chris Van Atten of Michael J. Bradley and Associates, provides 
background on allocation options in the context of a case study report on European Union 
approaches to the regulation of greenhouse gases. The other two papers, by Lee Lane of 
Americans for Equitable Climate Solutions and Lawrence Goulder of Stanford 
University, provide a more detailed analysis of allocation issues and review the existing 
academic literature on this topic. 
  

In general, there is remarkable consistency across the key findings and main 
points raised in all three papers and in the academic literature they cite. All agree that 
auctioning approaches – which require emitters to purchase allowances – can lower 
overall costs when auction revenues are used to reduce existing taxes and thereby 
improve efficiency in the larger economy (for example, by cutting marginal income taxes 
that lead people to work and save less).2 By contrast, any methodology that gives 
allowances away “for free” is more costly because it forgoes this opportunity.3  
 

Within each broad category of approach – auctioning vs. free allocation – there 
are additional decisions that have further cost and, particularly, distributional 
implications.  Auction revenues can be used to cut a variety of different taxes while free 
allocations of emissions allowances (as well as auction revenues that are not used to cut 
taxes) can be distributed in a variety of ways. The remainder of this briefing paper 
attempts to summarize these impacts and trade-offs for each of the primary allocation 
options described in the Van Atten, Lane and Goulder papers.  We begin with a brief 
discussion of the likely distribution of impacts in advance of allocation decisions, 
extracted primarily from the Goulder paper, as these distributional effects are likely to 
motivate – at least in part – the choice of particular allocation schemes. 
 
                                                 
1 We refer to a “carbon cap” for the sake of brevity. In reality, any future program is likely to include other 
major greenhouse gases, such as methane, N2O, etc. 
2 There are potentially other ways to improve efficiency in the larger economy, but most of the economics 
literature focuses on using revenues to improve the efficiency of the tax system. 
3 The same is true when auction occur but revenues are not used to lower (or avoid raising) taxes.  
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Initial Distributional Impacts 
  

                                                

Distributional impacts are the focus of Goulder’s paper, though these issues are 
also discussed in more qualitative terms by Van Atten and Lane.  Several types of 
distributional impacts come up in all three papers, including impacts across industries, 
income groups and geographic regions.4 We begin by summarizing the findings in each 
category (primarily from Goulder) with regard to the initial impacts of increasing the 
price of carbon; that is, the effects absent any distributional consequence of allocation.5 
 
Across Industries: Not surprisingly, Goulder finds that any policy that attaches a permit 
price to greenhouse gas emissions will have differential impacts across industries – with 
the coal mining industry, in particular, facing the largest output, employment and profit 
reductions as a result.  A $20 per ton carbon price reduces output in this industry by 15-
20% and profit by perhaps as much as 25%.  Output in other energy-related industries 
(electricity, natural gas, petroleum refining) is predicted to fall by 2-4% while the impact 
for other industries is less than 1%.6  Coal takes a much larger hit than oil or gas both 
because oil and gas have lower carbon-content and because reduced demand for crude oil 
tends to reduce oil imports – the marginal source of supply for this fuel – rather than 
domestic production.7 
 
Across Household Income Groups: In general, attaching a price to carbon emissions 
affects household income in two ways. First, it increases the prices of consumer goods, 
particularly those that are energy or carbon-intensive. The result is a decline in real 
household income, which tends to disproportionately affect poorer households because 
these households typically spend a larger share of their income on energy-related 
products. Hence, such policies will tend to be regressive, all else being equal.  
Distributional impacts also flow, however, from changes in the return on wages and 
capital, with changes in capital income relative to labor income having a larger impact on 
wealthier households. This is particularly relevant when we consider various potential tax 
cuts under an auctioned allowance program in the next section, but is less relevant for a 
generic increase in carbon prices where the burden is roughly equal on capital and labor 
income.  A central case in Goulder’s paper suggests that a $20 per ton carbon price would 

 
4 Lane occasionally also mentions distributional impacts across generations. In general, these tend to mirror 
income distributional patterns, because older generations – like wealthier households – tend to own more 
capital stock. Another, potential source of inter-generational impact would be if revenues from a permit 
system were used to create privately-owned savings accounts or to address other retirement-related 
government liabilities.  
5 In reality, any allocation (except perhaps an auction where the revenues are thrown away) will influence 
distribution.  To focus on the effect of higher carbon prices we look primarily at auctions with lump-sum 
rebates to households for discussions of effects across industry and at auctions with payroll tax cuts for 
discussions of effects across consumers.   
6 Goulder presents scaled results for a $20/ton price, the central case in the Commission’s straw proposal.  
Staff approximated the profit results based on Goulder’s paper.  Gas utilities were estimated to face steeper 
declines in output (8%) in one of the two studies discussed by Goulder. 
7 The assumption here, of course, is that oil importers would also have to obtain allowances. 
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cause a 0.3% decline in the welfare of the poorest quintile of households in the income 
distribution and a 0.06% decline in the welfare of the richest quintile.8 
 
Across Regions: Goulder largely relies on a 1995 study by Dowlatabadi, Kopp and 
Tshang for estimates of regional impacts resulting from a carbon control policy. The 
results indicate that the West North Central and West South Central census regions 
experience the largest adverse impacts (about $150 annually per household at $22 per ton 
of carbon). By contrast, the Pacific region experiences the smallest adverse impacts 
(about $100 annually per household).  
 
Auction-Based Allocation 

As already mentioned, there is broad agreement in the economics literature 
concerning the cost-saving features of an auction-based allocation where resulting 
revenues are used to offset distortionary taxes and thereby mitigate the overall economic 
burden of emissions control. Lane cites estimates from the economic literature indicating 
that the use of auction revenues to reduce personal income tax rates could cut the overall 
cost of a carbon cap-and-trade program from 25 percent to more than 40 percent, relative 
to simply giving away allowances (often referred to as “grandfathering”). This finding is 
consistent with cost estimates presented in the Goulder paper which suggest that when all 
permits are auctioned and revenues are used to reduce personal income taxes, costs are 
approximately 50 percent lower than comparable costs under a system where all 
allowances are allocated for free.  
 

The specific cost advantages of using revenues from an allowance auction to 
reduce taxes depend, of course, on the particular manner in which taxes are reduced.9 But 
more importantly, they have different impacts on households.  As noted above, capital 
income accrues predominantly to wealthier households.  Besides reducing personal 
income taxes, Goulder and Lane discuss using auction revenues to offset corporate 
income taxes, payroll taxes (FICA/Social Security) or dividend taxes, as well as giving 
revenues back to consumers via lump-sum payments to households.10  Corporate (and 
dividend) tax cuts overwhelming favor wealthier households; the top quintile’s welfare 
actually rises while the poorest quintile falls if auction revenues are used to cut corporate 
taxes. However, even using revenues to cut payroll taxes cuts continues to be regressive 

                                                 
8 Based on the reported case of auctioned permits with revenue recycling via cuts in payroll taxes.  Results 
were scaled to 20% of the magnitude reported in Goulder’s paper to make them comparable to the $20/ton 
carbon price described in the previous paragraph (Goulder reports results for a $100/ ton price). 
9 Lane suggests two additional uses of auction revenues that could potentially also enhance the overall 
cost-effectiveness of an emissions control program: (1) supporting research and development efforts related 
to low-emission technologies and (2) buying lower-cost reductions from less developed countries. The 
former tends to be politically attractive and could produce significant benefits – particularly to the extent 
that the private sector is presently under-investing in climate-related R&D. On the other hand, as Lane 
points out, “government energy R&D has a mixed record of success and failure” and has often been 
susceptible to pork-barrel politics. The second option raises different issues related to verification, 
international diplomacy and political perceptions – at home and abroad. 
10 Auction revenue could also be used to meet other federal budget priorities (for example, addressing 
unfunded liabilities related to the retirement of the baby boom generation).  Implicit in this, however, is that 
revenue is being used to avoid a tax increase; in this way, it is the same as the preceding cases. 
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overall, with the poorest quintile losing significantly more as a fraction of their income 
than the top quintile.  Lump-sum redistribution of auction revenues is the only approach 
considered by the authors that reverses the regressive trend (and in fact leads to a welfare 
gain for the poorest two quintiles).  
 

This idea of rebating auction revenues via lump-sum payments to households has 
been a feature of several recent cap-and-trade proposals and receives extensive treatment 
in both the Lane and Goulder papers.11 The chief point both authors make about this 
approach is that, like the free/grandfathering approach described below, it forgoes the 
efficiency-enhancing benefits of using revenues to reduce distortionary taxes. 
Accordingly, redistributing auction revenues via lump-sum payments is significantly 
more costly – from a macro-economic standpoint – than other forms of revenue 
recycling.12 As with his estimates for grandfathering, Goulder’s cost estimates for a full 
auction with lump-sum recycling are nearly 50 percent higher than the comparable 
estimate for a full auction with personal income tax recycling. Nevertheless, the lump 
sum approach has two advantages that may explain its prominence in various proposals. 
First, it can substantially address the otherwise regressive impacts of an emissions control 
policy that raises energy prices. Second, it could provide a highly visible and perhaps 
politically important transfer payment that might counter public opposition to such a 
policy. Whether the “optics” of a lump-sum approach would indeed be more appealing 
from a political standpoint – remains, as Lane points out, largely untested at this time.   
  

All of this suggests that even as significant cost-savings could be associated with 
allowance auctions, the handling of auction revenues involves a trade-off between 
efficiency and progressivity (or at least non-regressivity) with respect to impacts on 
households.13  None of the discussion so far, however, addresses the sizable profit losses 
in energy-intensive industries (especially the coal industry) that occur with even modest 
policies and that are heightened by the auction approach.  It is this feature, no doubt, that 
accounts for the perception that an auction-based allocation – though clearly favored by 
the economics literature – may be significantly less viable from a political standpoint 
than a free allocation.  
 
                                                 
11 The recent McCain-Lieberman creates a corporation whose purpose is to auction / sell allowances and 
refund the proceeds to consumers 
12 Note that from the standpoint of affected industry, there is little difference between recycling revenues 
through lump-sum payments vs. recycling revenues through reduced personal income taxes.  
13 There is some debate about whether an auctioning approach might be inherently more cost-effective than 
a free allocation, even apart from the associated revenue-recycling opportunities. One argument (expressed 
in the Van Atten paper) is that the auction approach, by forcing producers to purchase allowances, will 
trigger larger energy price increases  and thereby promote a wider – and ultimately more cost-effective – 
set of responses in the wider economy (e.g. more energy conservation).  However, economic theory would 
argue that regardless of whether allowances are given away or sold, firms will recognize the opportunity 
cost of using those allowances and will pass as much of that cost as they can through to consumers. In other 
words, the price signal in perfectly competitive energy markets should be the same under either allocation 
approach. In the case of electricity markets – which remain partially regulated – utilities may not be able to 
pass allowance costs through to consumers if the allowances have been grandfathered, leading to a smaller 
price signal than in the case of auctioned allowances. In this instance – and presumably in others like it – 
studies have found that the auction approach may be inherently more efficient than a free allocation.  
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Free (“Grandfathered”) Allocation 
To date, emissions cap-and-trade programs in the United States (notably the 

federal Acid Rain program) have allocated most allowances for free to affected industry. 
Compared to the auctioning approach described above, this choice has potentially 
profound impacts for the overall macro-economic costs of the control program – and for 
its specific impact on certain industries. Clearly, most energy companies – though not the 
economy as a whole – fare much better under a free allocation. As Lane puts it “because 
allowances are worth money, distributing them gratis amounts to the government 
distributing money to private interests, but without a transparent cash transfer.” 
Moreover, “these rents could offset some or all of the costs of emission 
control…potentially promis[ing] large windfall profits for energy industry firms.” This 
somewhat surprising conclusion is echoed by Goulder who notes that: “By introducing a 
permits program, the government in effect encourages producers to behave like a cartel in 
restricting their output. Under a system of auctioned permits what would be cartel profits 
or rents are collected by the government. In contrast, under a system of freely allocated 
permits, these rents are retained by producers. Thus freely allocating 100% of the permits 
causes profits to rise in the fossil fuel industries.”  In fact, Goulder estimates profits 
might quadruple in the coal industry with allowances grandfathered to coal producers – 
even as output falls by 10-15%.14 
 

Relative to auctioning allowances, a free allocation requires policy makers to 
make further decisions concerning the universe of recipients, the metric by which 
allowances are distributed and the base period used to assess different companies’ shares 
of total allowances. Moreover, as Goulder points out, a free allocation can also be 
expected to generate some additional government revenues in the form of increased tax 
returns on corporate profits. Options for recycling these increased revenues correspond to 
those available under an auctioning approach – and could have similarly beneficially 
effects – though the magnitude of revenues available to be recycled would presumably be 
much smaller.15   
 

Though most existing cap-and-trade programs have allocated free allowances on 
the basis of past behavior (e.g. historic heat input rates at power plants), both the Van 
Atten and Lane papers discuss a variant that would award allowances on an updating 
basis. Lane asserts strongly that any updating system is inherently inferior to a historic or 
static allocation because it distorts future behavior, creating economic incentives for 
actions that might help companies capture a larger share of future allowances, but would 
not otherwise be profitable or beneficial. Lane has additional objections to the fact that 

                                                 
14 As before, we scale the results in Goulder to be consistent with a $20/ton carbon charge.  If profits can 
actually be expected to rise under a cap-and-trade program with free allocation, this raises the question why 
most industry actors have nevertheless been strongly opposed to such programs in the past. Lane offers a 
number of possible explanations, including the ex ante uncertainty for individual firms in terms of how 
their specific competitive position will be affected; fear that more stringent control requirements will 
follow in time; opposition to emission controls in principle, etc. 
15 Goulder does not provide estimates for the likely magnitude of these increased corporate tax revenues, 
but the comparative cost figures he presents for a 100% free allocation with personal income tax recycling 
vs. a 100% auction with personal income tax recycling suggest that the revenues generated under the free 
allocation approach are significantly smaller than those raised by an auction. 
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most proposals for an updating allocation system also propose to use an output-based 
allocation metric (e.g. megawatt-hour generation). This approach creates what the Van 
Atten paper terms a “subsidy effect” which favors natural gas and (to the extent they are 
included) nuclear and renewable producers. Economic theory suggests that to increase 
their share of overall allowances, these producers would increase their output and drop 
prices, spurring increased electricity consumption and reducing incentives to improve 
efficiency. Higher electricity demand would in turn drive up demand (and prices) in 
natural gas markets, creating additional costs. As described by Lane, this dynamic creates 
“a series of economic distortions which, according to some analyses, raise the social costs 
of emission controls substantially above the necessary levels.”16 Finally, Lane points out 
that the difficulty of establishing simple output metrics for sectors other than the 
electricity industry would likely stand in the way of establishing an economy-wide 
program and would potentially lead to additional inefficiencies as a result. 
 
 
Hybrid Allocation Systems 

Both Lane and Goulder discuss the intriguing possibility that a hybrid allocation 
system – in which some allowances are given away for free while the larger share are 
auctioned – could largely compensate affected industries for their profit losses, while 
retaining most of the offsetting macro-economic benefits afforded by revenue recycling. 
Their estimates of the overall share of allowances that would need to be given away to 
fully compensate fossil fuel industries range from 6% to 13%. Because this would leave 
the great majority of allowances to be auctioned, Goulder finds that the overall cost of 
such a hybrid approach would not be significantly higher than for the case where all 
allowances are auctioned. However, this generally optimistic finding must be somewhat 
qualified by the fact that it is derived from general equilibrium studies that do not 
consider variation in costs and profits within given industries.  Hence, the results reflect 
the amount of free-allocation needed to offset average losses across industry sectors – 
and not necessarily the amount that would be needed to hold all individual companies 
harmless. Put another way, if gains to firms that win under a free allocation cannot be 
used to compensate those firms that lose, the share of total allowances that might need to 
be freely allocated could be substantially higher – with corresponding losses in revenue 
recycling opportunities and offsetting efficiency gains. 
 

One possibility that is not explored in the Lane or Goulder papers is whether a 
similarly “hybrid” approach could be applied to the recycling of any revenues generated 
by the permit system. For example, it might be possible – by redistributing some 
revenues via lump-sum payments while using others to cut taxes, or simply by fine-
tuning the way tax cuts are implemented – to substantially address regressivity concerns 
while also preserving much of the macro-economic benefit associated with revenue-
recycling.    

 

                                                 
16 One study cited by Lane (Burtraw et al. 2001), indicates that an output-based, updating system could cost 
roughly twice as much to achieve the same level of reductions as an auction-based system. By contrast, the 
Van Atten paper suggests a number of reasons for concluding that concerns about the distortionary effects 
of an updating, output-based allocation might be overstated. 
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Conclusion 

Several common themes and key findings emerge from the three studies the 
Commission has sponsored to date on allocation issues: 
 
• How emission allowances are allocated and how any resulting government revenues 

are used can have an important impact on the overall, macro-economic costs of a 
given control policy, as well as on the distribution of economic impacts among 
households and industry sectors. However, allocation cannot reduce the overall cost 
of an emissions control program to zero or create net gains for the economy.  

• The most cost-effective approach – from an overall, macro-economic standpoint – is 
to auction allowances and use resulting revenues to reduce taxes. However, this 
approach also tends to produce the most concentrated profit losses among certain 
industry sectors, notably the coal industry, and has regressive consequences for 
households. 

• By adopting a hybrid approach – in which some allowances are allocated for free 
while most others are auctioned – policymakers may be able to substantially 
ameliorate impacts on the most strongly affected industries while retaining many of 
the revenue recycling opportunities – and associated macro-economic benefits – of 
the auction approach.  Presumably a similar approach could be used to fine-tune tax 
cuts across income levels to avoid regressive consequences while preserving much of 
the tax cut efficiency gain. 

• Household impacts are likely to vary substantially across regions. Available modeling 
suggests that the West North Central and West South Central census regions are 
likely to bear a larger share of the burden than other regions of the country, 
particularly the Pacific. 
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I.  Introduction 

 

 

 This briefing paper summarizes results from a number of studies on the potential 

distributional impacts of caps on CO2 emissions in the U.S.  It indicates the distribution 

of impacts across major energy-related industries, across household income groups, and 

across regions of the country. 

 The distribution of impacts is important for at least two reasons.  First, the 

distribution has an important bearing on political feasibility.  A given policy’s prospects 

for political success will be greater to the extent that it avoids imposing economic 

burdens in a concentrated way on influential and highly mobilized stakeholders.  Second, 

the distribution of the impacts is directly relevant to questions of fairness. 

 As indicated below, there are several options regarding the design of policies that 

would cap CO2 emissions.  Different designs have different distributional consequences 

in terms of the share of the overall economic burden borne by particular industries, 

household income groups, or regions.  It is possible to design policies in such a way as to 

avoid concentrating the burden on key stakeholders.  This might enhance political 

feasibility.  However, as indicated, avoiding concentrated cost-impacts often entails 

higher aggregate economic costs.  Thus, political feasibility may come at a price in terms 

of cost-effectiveness. 

 

 

 

II.  Distribution of Impacts 

 

A.  Dimensions of Policy Design 

 

 This memo will focus on the following two dimensions in the design of cap and 

trade policies: 
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-- auctioning vs. free allocation (“grandfathering”) of emissions permits:  
 

The allocation across firms could be determined through a competitive auction.  
Alternatively, the government could freely allocate permits to various firms.  In 
the latter case, the government must decide on a formula to determine how 
permits should be allocated. 

 

-- alternative uses of the policy revenues:  
 

Cap and trade policies can yield government revenues, and such revenues can be 
“recycled” to the private sector in various ways.  Obviously the auctioning of 
emissions permits yields revenues.  But the free allocation of permits can yield 
government revenue as well.  Most studies indicate that free allocation would 
generate economic rents to producers, raising corporate profits.  Because these 
profits are subject to the corporate income tax, government revenues can rise 
under free allocation.  The additional revenues brought in from cap and trade 
policies can be recycled in various ways, including provision of (lump-sum) 
transfers to various households, cuts in corporate income taxes, or cuts in personal 
income taxes.  

 

 Choices along each of these dimensions have important consequences in terms of 

both the distribution of cost-impacts as well as cost-effectiveness (or efficiency).  It may 

be noted that there are other important dimensions for policy design, including the 

stringency of the emissions-control (i.e., number of permits issued), and the locus of caps 

(upstream vs. downstream).  We will focus on upstream policies. 

 

 

B.  Industry Impacts 

 

1.  Impacts on industry output 

  

 Table 1 summarizes some results from general equilibrium numerical models by  

Jorgenson et al. (2000) and Bovenberg-Goulder (2003). 

 The Jorgenson et al. results are for an upstream cap and trade policy initiated in 

1996 and extending through 2060.  The level of the aggregate cap declines through time.  

In 2020, the emissions caps imply a reduction in emissions of about 31 percent, and the 

permit price in that year is about $60 per ton.  These simulations assume that revenues 
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are recycled in lump-sum fashion.  The coal mining industry is induced to make the 

largest reduction in output (by about 52%, relative to business-as-usual, by 2020).  

Because coal has high carbon content, the need to purchase emissions permits implies 

especially large increases in costs (and output prices) in the coal industry.  The impacts 

on output are also relatively large in the electric utilities and natural gas utilities 

industries.   

 The pattern of impacts on output is fairly similar in the experiments performed by 

Bovenberg and Goulder.  In these experiments, emissions caps are set at levels that cause 

the permit price to rise gradually from $25 per ton in the year 2000, to $50 per ton in 

2010, and to remain at $50 per ton thereafter.  To facilitate comparisons across the 

Jorgenson et al. and Bovenberg-Goulder models, Table 1 also displays results in which 

the percentage changes in columns 1 and 3 are scaled down so as to be compatible with 

permit prices of $20 per ton.  (This scaling assumes that the impacts on output are 

proportional to the permit price.  In fact, in both models the percentage changes in output 

tend to increase at a faster rate than the permit price.)  Columns 2 and 4 show the scaled 

results.  These results suggest that a permit price of $20 per ton would be associated with 

reductions of between 15 and 18 percent in the coal industry. 

 The impacts on the oil and gas extraction industry are considerably smaller than 

those in the coal industry.  This partly reflects the lower carbon-intensity of oil and 

natural gas.  It also reflects the fact that, to a large extent, when crude oil costs and prices 

rise the reduction in demand largely takes the form of reduced oil imports rather than 

reduced domestic production.  Foreign imports are the “marginal source of supply.”  This 

result assumes that importers as well as domestic firms would need to purchase CO2 

permits – thus importers would face similar cost increases to those faced by domestic 

firms. 

 Although not shown in the table, the impacts on employment in each industry 

display a similar pattern to the impacts on profit.  In general, the reduction in output is 

accompanied by reductions in labor employed, though the percentage reductions in 

employment are somewhat smaller than the percentage reductions in output.   
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2.  Impacts on industry profits 

 

 In the past three years Bovenberg-Goulder and the team of Anne Smith, Martin 

Ross, and David Montgomery from Charles River Associates have examined the impacts 

of cap and trade policies on industry profits.  These studies employ “general equilibrium” 

models that consider economic interactions among industries as well as between 

industries, households, and the government.  A distinguishing feature of these models is 

their attention to the dynamics of capital adjustment, which is central to explaining the 

impacts of policy shocks on profit rates in different industries.1   

 

a.  Results from Bovenberg-Goulder 

 

 Table 2 presents results from the Bovenberg-Goulder study.2  The impact on 

profit is measured as the percentage change in the present value of profits, as measured 

from the year 2000 (the year of policy-implementation) forward.  All the results in this 

table are for policies involving permit prices starting at $25 per ton in 2000, and rising to 

$50 per ton by 2010, and remaining at $50 per ton thereafter. 

 100 percent auctioning, lump-sum recycling.  Consider first the results in Column 

1, which reports results for a policy in which the permits are auctioned and the net 

revenues are recycled as lump-sum transfers to households.  The coal mining industry 

experiences the largest percentage reduction in profits, followed by the oil and gas 

extraction industry, the electric utilities industry, and the petroleum refining industry.   

 100 percent auctioning, personal tax recycling.  Column 2 presents results for the 

case where the proceeds from auctioned permits are recycled through cuts in the marginal 

rates of individual income taxes.  The profit-impacts on the coal and oil and gas 

                                                 
1 The Jorgenson et al. model is not well suited to investigating profit-impacts because it treats productive 
capital as perfectly mobile across industries.  With perfectly mobile capital, policy shocks cannot cause 
differential rates of profit across industries:  in response to a policy change, capital is instantly reallocated 
across industries so as to cause profit rates to be the same everywhere.  Such movements may be 
approximated over the long term, but do not apply in the shorter term. 
 
2 These are results from Bovenberg and Goulder (2003), which applies an updated data set and expands on 
the work published in Bovenberg and Goulder (2002). 
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extraction industries are not substantially different from the results under lump-sum 

recycling.  In addition, the emissions reductions are virtually identical to those in the 

previous experiment.  The most significant difference is in the economy-wide cost of 

achieving the emissions reductions (the cost-impacts on industries less closely related to 

energy are larger, though small in absolute terms).  Recycling the revenues through 

marginal rate cuts lessens the cost of the policy significantly compared with recycling 

through lump-sum transfers.  The model predicts that when marginal income tax rates are 

reduced, the economy-wide cost of emissions reduction is about $86 per ton, as compared 

with about $127 dollars per ton under lump-sum recycling.  Cutting marginal income tax 

rates has an advantage, in terms of overall costs, because it helps reduce the disincentive 

effects of the income tax, and thus it avoids some of the economic “distortions” from this 

tax.  Offering households lump-sum transfers provides no beneficial incentive effect. 

 100 percent free allocation, personal tax recycling.  The results in the third 

column are for an experiment in which permits are given out free, rather than auctioned.  

This implies profound differences in profit-impacts, relative to the auctioning case in 

Column 2.  By introducing a permits program, the government in effect encourages 

producers to behave like a cartel in restricting their output.  Under a system of auctioned 

permits, what would be cartel profits or rents are collected by the government.  In 

contrast, under a system of freely allocated permits, these rents are retained by producers.  

Thus freely allocating 100% of the permits causes profits to rise in the fossil fuel 

industries.  

 Freely allocating the permits implies much higher economy-wide costs relative to 

auctioning.  Under free allocation, the government forgoes the opportunity to obtain 

permit-revenue (although it still obtains some revenue in that the higher profits from 

firms are subject to the corporate income tax).  Thus, it does not have as much scope for 

reducing marginal income tax rates and enjoying the associated beneficial efficiency 

impacts.  As indicated, when all permits are allocated free the costs per ton of emissions 

reduction are nearly double the costs when all permits are auctioned. 

 Partial free allocation (sufficient to preserve profits), personal tax recycling.  The 

results in Column 3 indicate that 100% free allocation more than fully compensates fossil 

fuel industries for the costs of regulation:  profits rise.  Column 4 presents results from a 

policy in which just enough permits are freely allocated to prevent profits from falling.  
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The numbers in parentheses in the rows for the fossil fuel industries are the percentages 

of permits that must be freely allocated to prevent a profit loss.  Overall, only about 13 

percent of the permits must be allocated free:  most of the permits can be auctioned out.  

As a result, the costs per ton of emissions reduction are much closer to the costs in the 

case of 100% auctioning than the costs under 100% free allocation.  The costs are about 

$92 per ton, or about 7 percent higher than the 100% auctioning case. 

 100 percent auctioning with targeted corporate tax cuts.  Targeted tax cuts offer 

an alternative to free permit allocation as a mechanism for offsetting potential adverse 

impacts on industry profits.  In the far-right column of Table 2 displays results when 100 

percent auctioning is combined with targeted reductions in corporate tax rates just 

sufficient to prevent losses of profit in the coal mining, oil&gas, petroleum refining, and 

electric utilities industries.  The emissions-reductions under this policy are virtually 

identical to those under the other policies.  The price of emissions at the margin is the 

same under this policy as in the other cases.  Hence firms are encouraged to reduce 

emissions by the same amount, even though the impact on profits may be quite different. 

 

 

b.  Results from Smith, Ross, and Montgomery 

 

 Table 3 displays results from experiments in Smith, Ross, and Montgomery, 

hereinafter referred to as SRM.  The permit-allocation and recycling combinations 

indicated by columns 1, 2, and 3 correspond to those in the first three columns of the 

previous table.  All experiments involve carbon caps starting in the year 2010, which 

limit carbon emissions from energy-related activities to their year-2000 emissions.  In the 

year 2010, the reduction in emissions relative to emissions in that year under business-as-

usual, is 14%.  In 2030 the reduction is 32 percent.  The permit price is $51 per ton in 

2010 and $161 per to in 2030.  Overall, these experiments involve somewhat more 

stringent policies in terms of required emissions reductions than those displayed in Table 

2.   

 100 percent auctioning, lump-sum recycling.  These results are qualitatively 

similar to those from Bovenberg-Goulder for the corresponding experiment.  As in 

Bovenberg-Goulder, the coal mining, crude oil extraction, and fossil-fuel electricity 
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industries face significant percentage-reductions in profit.  One difference is that the 

SRM study finds that natural gas utilities would experience significant reductions in 

profit, while Bovenberg-Goulder predicted a profit-increase in that industry. 

 100 percent free allocation, personal tax recycling.  These results are also 

qualitatively similar.  As in Table 2, switching from lump-sum to personal tax recycling 

has little impact on profits in the fossil fuel industries.  However, SRM predict a major 

difference in the impact on the nuclear/renewable electricity industry. 

 Partial free allocation (sufficient to preserve profits), personal tax recycling.  

Column 3 is the case where sufficient permits are freely allocated to preserve profits.  In 

contrast with Bovenberg-Goulder, who only considered free allocation to the upstream 

fossil fuel producers, SRM examined a policy where permits were allocated free to other 

industries that would otherwise face profit losses.  Since permits are tradable, 

downstream producers could sell these permits to the upstream industries, who face 

restrictions in emissions (or in the implied emissions based on the carbon content of their 

fossil-fuel supplies).  Thus, natural gas utilities could sell their permits to producers in the 

coal mining industry.  Free provision of permits to downstream industries is equivalent to 

giving lump-sum compensation to such industries, where the compensation equals the 

resale value of the freely offered permits.  In Column 3, the numbers in parentheses 

represent share of permits in a given industry that must be given out free to prevent a loss 

of profit.  

SRM find that only six percent of the permits would need to be freely allocated to 

prevent a loss of profit in any industry.  In contrast, Bovenberg and Goulder estimated 

that about 13 percent of the permits would need to be freely allocated, even when 

downstream industries are not compensated.  The general theme emerging from both 

studies is that a relatively small percentage of permits must be freely allocated to avoid 

profit-losses.  Because a very large share can be auctioned, the economy-wide cost of 

preserving profits is not substantially higher than the cost without compensation.  In the 

SRM study, the cost is .26 percent of household wealth when all industries’ profits are 

protected (column 3), as compared with .24 percent of household wealth when there is 

not compensation (column 2). 

Thus, both the Bovenberg-Goulder and SRM studies suggest that the percentage 

of permits that would need to be freely allocated to preserve profits would be fairly low.  
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A qualification is in order.  These studies do not consider the variation in costs and 

profits within given industries.  They estimate the average loss under given policies and 

the amount of free-allocation needed to offset that average.  However, if some firms 

actually gain from the policy in question, and their gains are not used to compensate the 

losses to the firms that lose, then the government would need to pay more as 

compensation than the average loss.  Thus, Bovenberg-Goulder and SRM estimates of 

required compensation amounts could be biased downward. 

 

 

3.  Impacts across households 

 

 The implications of alternative allocation and recycling methods across 

households have been investigated by Dinan and Rogers (2002).3  These researchers 

focused on policies requiring a 15 percent reduction in carbon emissions in the year 2010.  

In the case where permits are traded only domestically, the permit price associated with 

this reduction is assumed to be $100 per ton.   

 In the Dinan-Rogers study, the increase in the price of carbon affects household 

real income through two main channels.  First, it increases the prices of consumer goods.  

Consumer goods that are highly carbon intensive – that is, whose production directly or 

indirectly involves especially large amounts of carbon – will tend to face larger cost-

increases and their prices will tend to rise the most.  The increase in consumer-good 

prices implies lower real incomes to households.  Households whose expenditures are 

especially concentrated on carbon intensive (e.g., energy) products will experience 

especially large adverse impacts through this channel, in terms of the percentage 

reduction in real income.  Poorer households tend to spend larger shares of their income 

on carbon-intensive products.  Hence this channel tends to yield a regressive impact 

across household income groups. 

                                                 
3 I focus on results appearing in the Dinan-Rogers article from the June 2002 National Tax Journal.  
Several of these results appeared previously in the Congressional Budget Office study, “Who Gains and 
Who Pays under Carbon-Allowance Trading: The Distributional effects of Alternative Policy Designs,” 
which appeared in 2000.  
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The second channel is the impact on returns to factors, that is, on wages and 

capital income.  The Dinan-Rogers study calculates the reduction in returns as a result of 

policy-induced increases in production costs and associated factor-market distortions. 

Results are summarized in Table 4.  Consider first the cases involving free 

allocation.  When such allocation is combined with either corporate tax cuts or reduced 

payroll taxes, the richest households (i.e., the top quintile) experience a gain while other 

households lose.  In contrast, when free allocation combines with a lump-sum rebate (of 

the same size for all households), the richest households also lose, while the losses to the 

other households are smaller in magnitude. 

Auctioning the permits implies a more progressive distribution of impacts than 

free allocation.  Under auctioning, there is a larger reduction in capital income compared 

to free allocation, where the burden of policy falls more evenly on capital and labor 

incomes.  Hence auctioning tends to pose a larger relative burden on richer households, 

for which capital income represents a larger share of overall income.   

The combination of auctioning and lump-sum recycling produces the most 

progressive result.  In this case, the bottom two quintiles enjoy an increase in real income 

from the policy change. 

Even when permits are freely allocated, the government obtains some revenue 

because the policy-generated rents or profits are subject to the corporate income tax.  

Thus the free-allocation case still allows for some revenue-recycling.  In the Dinan-

Rogers study, the government collects $58 billion in revenue (before recycling) when 

permits are freely allocated, which is 48 percent of the $128 billion collected when 

permits are auctioned. 

Thus, the distribution of impacts across households depends significantly on both 

the allocation method and the recycling method.  Trade-offs emerge in the choice 

between auctioning and free allocation, as well as in the choice among recycling methods 

(given a particular allocation method).  Auctioning is more efficient, but free allocation 

tends to be less regressive.  Recycling through cuts in corporate or payroll taxes is also 

more efficient, while recycling through lump-sum tax cuts is less regressive. 

 

4.  Impacts across Regions 
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 One of the few studies of regional U.S. impacts of carbon taxes was performed by 

Dowlatabadi, Kopp, and Tschang (1995).  These authors developed a statistical model of 

demand for energy-related products.  Using their model, they calculated the amount of 

tax that individuals would pay in the form of higher expenditures if a carbon tax were 

introduced.4  The authors take account of how energy and carbon demands differ by 

region, based on differences in home-heating needs, average miles driven, and other 

factors.  By taking these differences into account, the authors are able to estimate regional 

distributional effects.   

 The authors consider the impacts of a carbon tax of $22 per ton.  Although the 

authors focus on a carbon tax, the results would be the same for under a CO2 permits 

policy in which the permits price is $22 per ton. 

 The DKT results are in Table 5.  The left column indicates results for the medium 

run.  These results encompass households’ replacement of relatively less durable 

equipment to conserve on energy use.5   The right column shows long-run results, and 

allows for households’ replacing more durable energy-using equipment (such as 

refrigerators or automobiles).  In both the medium and long run, the West N. Central and 

West South Central regions experience the largest adverse impacts.   

 

 

5.  Summary 

   

 General results from these distributional studies are: 

 
1.  Output impacts:  Impacts on industry output are highly concentrated in a few 
industries.  These include the fossil-fuel supplying industries and a few industries that 
intensively use primary energy. 
 
 
2.  Profit impacts: 

                                                 
4 The measure of impact here is additional dollars spent.  In contrast with the previously mentioned studies, 
this approach concentrates on the costs of goods purchased and does not consider the impact on wages or 
capital income.  It is unclear whether attention to the wage or capital-income impacts would alter the results 
significantly, although it seems doubtful that such impacts would differ substantially across broad regions 
of the country.   
 
5 DKT refer to the medium-run model as the conservation model. 
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Marginal income tax recycling vs. lump-sum recycling:  This has relatively little 
consequence in terms of the profit-impacts on the energy-intensive industries.  
However, marginal income tax recycling implies significantly lower overall 
economic costs. 

 
Auctioning permit revenues vs. free allocation of permit revenues:  This has very 
significant consequences both for the profit-impacts on energy-intensive 
industries, and for overall economic costs.  The profit-impacts are considerably 
more severe under auctioning of permits.  The overall economic costs, in contrast, 
are lower under auctioning when revenues from the auction are recycled through 
cuts in tax rates.  Thus there is a trade-off between keeping profit-impacts low in 
the most affected industries, and keeping overall economic costs low.  However, 
both the Bovenberg-Goulder and SRM. studies indicate that by freely allocating a 
fairly small share of emissions permits, profits in the major energy-related 
industries can be avoided.  Since only a small share of permits are freely 
allocated, most of the permits can be auctioned.  Hence the efficiency cost of 
preventing profit-losses is relatively small. 
 
 

3.  Household income impacts:   The distribution of impacts across households depends 
significantly on both the allocation method and the recycling method.  Trade-offs emerge 
in the choice between auctioning and free allocation, as well as in the choice among 
recycling methods (given a particular allocation method).  Auctioning is more efficient, 
but free allocation tends to be less regressive.  Recycling through cuts in corporate or 
payroll taxes is also more efficient, while recycling through lump-sum tax cuts is less 
regressive. 
 
 
4.  Regional distributional impacts:  Regional impacts differ significantly in the short and 
long term.  The DKT study incidates that the East N. Central and West N. Central regions 
bear a larger burden than other regions, both in the short and the long run.  
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Industry

Permit Price 
= $60/ton

Permit Price 
Normalized to 

$20/ton

Permit Price 
= $50/ton

Permit Price 
Normalized to 

$20/ton

Agriculture and Non-Coal Mining 1.7 0.6 -1.1 -0.4
Coal Mining -52.1 -17.4 -39.2 -15.7
Oil&Gas -4.5 -1.5 -5.2 -2.1
Petroleum Refining -7.5 -2.5 -9.3 -3.7
Electric Utilities -12.8 -4.3 -6.3 -2.5
Natural Gas Utilities -25.6 -8.5 -5.6 -2.2
Construction -1.3 -0.4 -1.1 -0.4
Metals and Machinery -2.9 -1.0 -1.7 -0.7
Motor Vehicles -2.0 -0.7 -0.6 -0.2
Miscellaneous Manufacturing -1.7 -0.6 -2.2 -0.9
Services (except housing) -0.4 -0.2

All Industries -1.3 -0.5

Table 1  

Note:   The Jorgenson et al.  experiment considers an upstream CO2-permit policy initiated in 1996 and extending 
through 2060.  The level of the aggregate cap declines through time.  In 2020, the emissions caps imply a reduction 
in emissions of about 31 percent and a permit price of approximately $60/ton.  In the Bovenberg-Goulder 
experiment, emissions caps are set at levels that cause the permit price to rise gradually from $25/ton in the year 
2000, to $50/ton in 2010, and to remain at $50/ton thereafter.

Jorgenson et al. Bovenberg-Goulder

Impacts of Permits Policies on Industry Output
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Percentage Change in Present 
Value of Profit

   Coal Mining -55.8 -54.6 611.0 0.0        
(4.5%) 0.0

   Oil&Gas -18.5 -20.0 124.2 0.0        
(5.9%) 0.0

   Petroleum Refining -4.1 -2.1 -3.7 -2.3 0.0

   Electric Utilities -6.7 -4.2 -5.9 -4.3 0.0

   Natural Gas Utilities 1.9 4.3 2.6 4.1 4.2

   Agriculture and Non-Coal Mining -1.7 0.1 -1.1 0.0 0.0

   Construction -2.7 1.5 -1.3 1.0 1.3

   Metals and Machinery -3.5 -0.9 -0.9 -0.8 0.0

   Motor Vehicles -1.2 3.3 1.5 3.2 3.1

   Miscellaneous Manufacturing -3.4 -0.8 -1.6 -0.9 -1.0

   Services (except housing) -1.1 1.1 -0.5 1.0 1.0

   Housing Services -1.0 0.6 -0.6 0.4 0.5

   Average for All Industries -1.8 -0.7 -0.1 -0.9 -0.8

Avg. Percentage Change in 
Emissions, 2000-2060 -22.85 -22.36 -22.74 -22.39 -22.38
Economic Cost Per Ton of CO 2 

Reduction 126.7 85.9 160.5 92.3 87.5

Notes:  Under all policies, the permit price starts at $25/ton in the year 2000 and rises by 7% per year until it reaches $50/ton (year 11).  
After that the permit price remains $50/ton.  Welfare cost is the money-equivalent to the change in household utility.  These costs do not 
incorporate the environmental benefits associated with the policy change.  In the rows for the coal and oil&gas industries, the numbers in 
parentheses are the share of total (freely allocated and auctioned) permits allocated to all industries that must be freely allocated to the 
industry in question to preserve that industry's profits.

Table 2

Impacts on Industry Profits -- Bovenberg-Goulder Study
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   Coal Mining -51 -51 0             
(.8%)

   Crude Oil Extraction -15 -15 0             
(1.8%)

   Petroleum Refining -1 -1
0             

(.1%)

   Fossil-Fuel Electricity -8 -8
0             

(1.4%)

   Nuclear/Renewable Electricity 68 -70
70            
(0)

   Natural Gas Utilities -9 -8
0             

(1.9%)

   Agriculture 0 0
0             

(0)

   Energy-Intensive Industries -2 -2
0             

(0)

   Manufacturing 0 0
0             

(0)

   Motor Vehicles 0 0
0             

(0)

   Services 0 0
0             

(0)

Percentage of All Permits Freely 
Allocated 0 0 6

Percentage Change in Emissions
   2010 14 14 14
   2030 32 32 32

Policy Cost (Equivalent % Change 
in Household Wealth) -0.40 -0.24 -0.26

Table 3
Impact on Industry Profits -- Smith-Ross-Montgomery Study

Notes:  Welfare cost is the money-equivalent to the change in household utility.  These costs do not incorporate 
the environmental benefits associated with the policy change.  In the far-right column, the numbers in parentheses 
are the share of total (freely allocated and auctioned) permits allocated to all industries that must be freely 
allocated to the industry in question to preserve that industry's profits.



Aggregate

0-20 21-40 41-60 61-80 81-100

   Free Allocation of Permits  

          Recycling via Reduced Corporate Taxes
               Impact In Dollars -203 -426 -722 -1,036 634 -35.1
               Impact as percent of income -2.4 -2.2 -2.3 -2.3 0.6

          Recycling via Reduced Payroll Taxes
               Impact in Dollars -192 -391 -637 -861 402 -35.1
               Impact as percent of income -2.3 -2 -2.1 -1.9 0.4

          Recycling via Lump-Sum Rebate
               Impact in Dollars -32 -303 -644 -1,010 -84 -41.8
               Impact as percent of income -0.4 -1.5 -2.1 -2.2 0

   Auctioning of Permits

          Recycling via Reduced Corporate Taxes
               Impact in Dollars -174 -300 -501 -745 896 -15.6
               Impact as percent of income -2.1 -1.5 -1.6 -1.6 0.9

          Recycling via Reduced Payroll Taxes
               Impact in Dollars -130 -164 -164 -32 -332 -15.6
               Impact as percent of income -1.5 -0.8 -0.5 -0.5 -0.3

          Recycling via Lump-Sum Rebate
               Impact in Dollars 616 280 -117 -580 -2,270 -41.8
               Impact as percent of income 7.3 1.4 -0.4 -1.3 -2.2

                            household income group: 
(annual income in thousands of dollars)

(billions of 1998 dollars)

Notes:  The welfare loss is the reduced real income from higher consumer goods prices and reduced incomes to labor and 
capital.  These calculations do not account for potential beneficial impacts from avoiding climate change.  Auctioning of 
permits generates $128 billion in revenue for recycling; free allocation generates $58 billion.  Free allocation of permits 
yields revenue because policy-generated rents are subject to the corporate income tax, as discussed in text.

-------------- Policy Elements --------------
(Allocation and Recycling Features)

Source :  Dinan and Rogers (2002)

Table 4
Impacts across Household Income Groups

Welfare LossWelfare Loss Per Person



Medium-run Long-run
Model Model

New England 129 119

Mid Atlantic 114 104

East N. Central 130 119

West N. Central 144 131

South Atlantic 120 110

East S. Central 127 116

West S. Central 151 139

Mountain 134 122

Pacific 105 95

Column Mean 128 117

Table 5
Impacts across Regions

(increase in per-capita expenditure on energy)
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EXECUTIVE SUMMARY EXECUTIVE SUMMARY 

                                                

Conclusions 
The allocation of greenhouse gas emission∗ allowances is an important component of 
climate policy. A tradable emission allowance plan is one of two economically attractive 
approaches to implementing emission controls.** The choice among the various options 
for allocating emission allowances would have profound implications for both the 
economics and the politics of a tradable allowance plan.  
 
This paper reaches four conclusions about allowance allocation issues: 
 

1. A sophisticated handling of allowance allocation could significantly improve the 
cost-effectiveness of greenhouse gas emission control legislation. And improved 
cost-effectiveness would help to address valid objections that have been raised by 
the opponents of prior emission control proposals.  

 
2. Proponents of emission controls should give high priority to researching the 

political appeal of the various allowance allocation systems that could enhance 
cost-effectiveness. Allocation system choices in future legislative proposals 
would be greatly clarified if it could be found with greater confidence how much 
or how little political support the three strategies examined in this paper would 
garner.   

 
3. Emission control proponents should also conduct opinion research on the actual 

political payoff likely to be achieved by compensating households. On its face, 
establishing a stand-alone system for transferring relatively small amounts of 
money to each and every household entails both high transaction costs and at least 
equally high political risks. Yet several prominent legislative and academic plans 
contain such features. Testing the appeal of this concept with the public might 
help extricate policymakers from what may be a political dead end.    

 
4. As important as emission allowance allocation is for the economic and political 

success of emission controls, allowance allocation cannot eliminate the need for a 
public willingness to accept the economic sacrifice entailed by any effective 
emission control plan. Nor can it, itself, create a willingness to sacrifice where it 
is lacking.  

Possible economic and political strategies for using allowance allocation 
This paper considers three basic strategies for using the allocation of allowances. It looks 
first at allocation systems that are primarily intended to enhance the cost-effectiveness of 
emission controls. Then it considers allocation schemes that would shift the costs of 

 
∗ Although cap-and-trade systems currently refer only to carbon emissions, this paper will refer to 
“greenhouse gas emissions” because cap-and-trade systems will eventually include other greenhouse gases.  
** The other approach would be an emission tax, an option not considered in this paper 
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emission controls among various households within society. Finally, it analyses an 
approach designed primarily to minimize the political visibility of emission controls. 
Thus, each of six allocation systems considered is placed in the context of one of three 
basic strategies for dealing with the costs of abatement. Those strategies could be 
categorized as: 1) reducing costs; 2) shifting costs; or 3) hiding costs. 

1) Using allowance auction revenues to enhance cost-effectiveness  
The high cost of achieving large quantities of greenhouse gas emission reductions in the 
developed world is a central problem of the economics of climate policy. Thus, the 
prospect that allowance allocation could enhance the cost-effectiveness of emission 
controls is potentially important. Three options exist.  
 

a. Tax shift: Using the revenue from emission allowance sales to reduce taxes is an 
example of a policy called “tax shift.” Emission allowance sales revenue could 
allow tax cuts (or avoid tax increases). Lowering taxes, by reducing the tax 
system’s disincentive to productive activity, all else being equal, would boost 
economic output. But the political feasibility of tax shift is uncertain. 

 
b. R&D funding: Revenue from the sale of emission allowances could fund 

government research and development (R&D) on emission-free energy sources, 
increasing the prospects for new technologies that would reduce future abatement 
costs. In principle, this approach could reduce future abatement costs by 
generating technological progress. But how much technology would actually 
emerge is inherently uncertain. Of the cost-saving allocation approaches, R&D 
funding is the most likely to be politically popular. 

 
c. Buying reductions from less developed countries: The U.S. government could 

use emission allowance sales revenue to buy cheaper emission reductions 
available in less developed countries (LDCs). By doing so, the United States 
could reduce the total costs of achieving any given emission reduction goal. The 
feasibility of this option would depend on the willingness of LDCs to institute 
efficient emission reduction policies in exchange for financial inducements from 
the U.S. government.   

2) Shifting the incidence of costs 
Although enhancing cost-effectiveness can reduce the net losses that must be borne by 
society, another strategy would be to ease allowance allocation to improve the political 
viability of an emission controls strategy by redistributing its costs. Because interests 
groups differ in their capacity to influence the political system, the distribution of costs 
can affect the viability of the measure that imposes them.  
 
In the field of energy price policy, energy sector producer interests and household 
consumers may each have political veto power. Greenhouse gas emission control policies 
must, to succeed politically, cope with both. Two emission allowance allocation systems 
have been suggested as possible solutions. 
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a. Allowances could be “grandfathered” to coal and other injured interests. 
“Grandfathering” tradable emission allowances means distributing them gratis 
according to some historical metric. Because allowances are worth money, their 
free distribution is in effect a subsidy, which can offset the losses in profitability 
and asset value occasioned by the imposition of emission controls. 

 
b. Consumers could also be “grandfathered.” Government could give the allowances 

themselves to citizens, who could then sell them to the industries that need them 
to stay in business. Or government could sell the allowances directly to industry 
and distribute the proceeds of those sales in lump sum payments to citizens. Either 
the allowances or the cash payments would offset at least some of the lost 
purchasing power created by the imposition of emission controls.  

 
These two grandfathered allocation systems differ fundamentally only in whether 
producers or consumer interests receive the government payment. These plans would 
neither enhance the cost-effectiveness of emission controls nor degrade it. 

3) Using allocation to hide the costs of emission controls 
It is possible to go beyond allocation systems such as those considered in the previous 
section and not only shift the incidence of costs, but also hide those costs from most 
voters. The penalty associated with this approach is an increase in the total costs of the 
emission control program. The proponents of cost concealment strategies have developed 
a new approach called the Generation Performance Standard (GPS). A GPS system is a 
particular form of an updating allocation system that creates a system of cross subsidies 
among the emitters subjected to it.*  
 
The net effect of a GPS is to change the relative costs of various generation sources while 
producing only modest increases in average electricity rates, and under some 
circumstances, even lowering rates. Superficially, this combination sounds benign. In 
reality, though, it vitiates much of the incentive for emission reductions that an allowance 
system would otherwise create. It also transfers much of the price increase that would 
normally have occurred in the electricity market into the natural gas market. The result is 
a series of economic distortions, which according to some analyses, raise the social costs 
of emission controls substantially above the necessary levels. 

                                                 
* In contrast to grandfathered allocation systems, which by definition use some historical pattern as the 
basis for allocating emission allowances, updating systems change the allocation of allowances in response 
to changing economic behavior. 
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INTRODUCTION: CLIMATE POLICY CHOICES INTRODUCTION: CLIMATE POLICY CHOICES 

                                                

Overview 
This introduction sketches one plausible structure for a greenhouse gas emission control 
policy. It describes the fundamental economic and political challenges that must be 
overcome for the successful implementation of greenhouse gas emission controls.  It 
suggests that allowance allocation may help to surmount these challenges, but argues that 
allowance allocation involves hard policy choices. Finally, it lists the three basic 
strategies for allowance allocation.   

Assumptions about emission controls 
The allocation of greenhouse gas emission allowances is an important component of 
climate policy. A tradable emission allowance plan is one of two economically attractive 
approaches to implementing emission controls.* And as will be seen in the subsequent 
discussion, the allocation of allowances would have profound implications for both the 
economics and the politics of a tradable allowance plan.  
 
Tradable emission allowances and taxes are the preferred measures for implementing 
emission controls because to be a cost-effective a greenhouse gas emission control plan 
should use market incentives, rather than command-and-control regulations (Ellerman, 
Joskow, and Harrison p. iv, and Parry, Pizer, and Fisher p. 2 n. 5). Moreover, the policy 
should use price rather than quantity targets in order to balance environmental and 
economic risks (Pizer p. 422 (2002)). Thus, a tradable emission allowance plan should 
employ an allowance price “safety valve.” With a price safety valve, the government 
offers to sell an unlimited number of allowances at the predetermined price, thus assuring 
that abatement costs do not exceed the predetermined level. 
 
The initial price incentive for abating greenhouse gas emissions should probably be set 
between $10 and $30 per metric ton of carbon equivalent. A recent survey of studies 
quantifying the damages of climate change found that, although the results varied widely, 
the mean price incentives estimate was $30 per metric ton, although this number should 
gradually rise as climate change damages move closer in time (Newell and Pizer 
correspondence).  
 
It is likely, though, that the emission price should be less than $30 per ton because the 
abatement incentives may interact with other economic distortions in ways that diminish 
economic welfare.** This effect may reduce the optimal price to as little as one third of 

 
* The other approach would be an emission tax, an option not considered in this paper. 
** Taxes deprive workers and investors of part of the fruits of their labor and savings, thus weakening the 
incentive to produce and diminishing economic output. The higher prices caused by emission controls 
worsen the pre-existing economic distortions and occasion an economic loss that cancels some of the 
controls’ environmental benefits. Setting the optimal price for a ton of emissions requires weighing this 
economic loss against the environmental gains. Hence, the welfare maximizing price is less than it would 
be if only the environmental damage of the emissions were considered 
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what it otherwise would be, although quantification of this effect is still speculative and 
controversial.  
   
At $10 to $30 per metric ton, a tradable emission allowance system would generate an 
annual revenue stream of approximately $15 to $45 billion. (For comparison, the federal 
gasoline tax raises about $25 billion annually.) As a practical matter, a revenue stream of 
this size can be used for some purposes, but is too small or too large for others.  

The realities of greenhouse gas emission controls 
The low damage per ton of greenhouse gas equivalent emissions suggests that, at least in 
developed countries, where abatement is relatively expensive, only modest emission 
reductions seem justified. Cumulatively, climate change is a substantial potential 
problem, with costs measured in present value terms of, perhaps, $5 trillion (Nordhaus 
and Boyer p. 163, updated into current dollars). Yet, unless emission control policies are 
highly cost-effective, they may do little good.  
 
Moreover, the possibility that only the youngest living Americans may benefit from the 
early imposition of emission controls presents an additional political problem. 
Greenhouse gas emission controls transfer wealth from current generations to future ones. 
The political system’s difficulty in dealing with more tangible and arguably nearer term 
issues, such as the unfunded liabilities of entitlement programs, shows how difficult this 
challenge is likely to be. It is unclear when or how emission controls can be made 
politically viable.   

Allowance allocation and cost- 
effectiveness 

F

Because the cost-effectiveness of 
greenhouse gas emission controls is so 
crucial, the possibility of using revenue 
from the sale of emission allowances to 
enhance the cost-effectiveness of 
emission controls is important. In this 
regard, though, the various allocation 
systems differ.* Figure 1 illustrates that 
three allocation options (tax shift, LDC 
emission controls, and R&D spending) 
may offer gains in cost-effectiveness. 
Two others (producer grandfathering and household payments) are largely neutral. An 

Consumer
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0
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Overview
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* The impact of emission controls on the government’s budget deficit would amplify the cost-effectiveness 
differences among the allocation plans. By retarding economic growth (near term) and triggering some 
government spending increases, emission controls would expand the federal budget deficit. The larger the 
loss in economic output occasioned by the combination of emission controls and allocation plan, the larger 
would be the needed tax increases, spending cuts, or increases in government borrowing. And these 
measures to restore fiscal balance impose additional economic costs. Of course, an allocation plan could 
make these measures unnecessary by allocating some of the allowances for sale by the federal treasury. 
One recent study estimated, however, that under some circumstances, up to half of all allowance revenue 
would be needed just to reach this fiscal break-even point (Smith, Ross, and Montgomery p. 16). 
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updating allocation system would significantly degrade cost-effectiveness. (The reasons 
will be explained in the sections on the specific allocation methodologies.)   

Allowance allocation and the politics of emission controls 
If all else were equal, making emission controls more cost-effective would enhance their 
viability. Nevertheless, many other factors influence the political prospects of an 
emission control policy more than does cost-effectiveness. Hence, one of the important 
choices for the design of a greenhouse gas emission allowance allocation plan is the 
relative importance of cost-effectiveness versus the competing political factors.   
 
Choices about allowance allocation can influence other political factors in addition to the 
cost-effectiveness of a control plan. Allowance allocation could be used to reposition 
emission controls from the liberal side of the political spectrum to a more centrist 
position. Allowance allocation could shift the costs of emission controls among 
households and individuals. And some forms of allocation could affect emission control 
politics by increasing or decreasing the political visibility of control costs.  

Allocation options  
This paper describes how the major options for allocating tradable emission allowances 
would change the cost-effectiveness, distributional consequences, and political 
implications of a price-capped emission allowance trading system. The paper takes the 
viewpoint of a hypothetical designer of an emission control system, sketching how each 
of the various allocation alternatives would affect the first order consequences of 
emission controls and without the ex ante assumption that any of the options is the 
“default” choice.  
 
The paper considers three basic strategies for using the allocation of allowances. It looks 
first at allocation systems that are primarily intended to enhance the cost-effectiveness of 
emission controls. Then it considers allocation schemes that would shift the costs of 
emission controls among various households within society. Finally, it analyses an 
approach designed primarily to minimize the political visibility of emission controls. 
Thus, each of six allocation systems considered is placed in the context of one of three 
basic strategies for dealing with the costs of abatement. For simplicity’s sake, those 
strategies could be categorized as: 1) reducing costs; 2) shifting costs; or 3) hiding costs. 
The paper’s final section offers a tentative assessment of some of the key choices. 
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USING ALLOWANCE AUCTION REVENUES TO 
ENHANCE COST-EFFECTIVENESS  

USING ALLOWANCE AUCTION REVENUES TO 
ENHANCE COST-EFFECTIVENESS  

 
As suggested in the introduction, the high cost of achieving large quantities of 
greenhouse gas emission reductions in the developed world is a central problem of the 
economics of climate policy. The problem also has important political ramifications. 
Opponents of domestic emission controls have cited the controls’ high costs in 
comparison with the relatively small results as a principal objection. 
 
Thus, the prospect that allowance allocation could enhance the cost-effectiveness of 
emission controls is potentially important both economically and politically. Three 
options exist.  
 

1. Tax shift: Using the revenue from an emission allowance sales to reduce taxes is 
an example of a policy called “tax shift.” Emission allowance sales revenue could 
allow tax cuts (or avoid tax increases). Lowering taxes, by reducing the tax 
system’s disincentive to productive activity, all else being equal, would boost 
economic output. This approach would reduce the net costs of achieving a given 
emission reduction target as compared with emission controls without a tax shift 
provision. But the political feasibility of tax shift is uncertain. 

 
2. R&D funding: Revenue from the sale of emission allowances could fund 

government research and development (R&D) on emission-free energy sources, 
increasing the prospects for new technologies that would reduce future abatement 
costs. In principle, this approach could reduce future abatement costs by 
generating technological progress. But how much technology would actually 
emerge is inherently uncertain. Of the cost-saving allocation approaches, R&D 
funding is the most likely to be politically popular. 

 
3. Buying reductions from less developed countries: The U.S. government could 

use emission allowance sales revenue to buy cheaper emission reductions 
available in less developed countries (LDCs). By doing so, the United States 
could reduce the total costs of achieving any given emission reduction goal. The 
feasibility of this option would depend on the willingness of LDCs to institute 
efficient emission reduction policies in exchange for financial inducements from 
the U.S. government. They might refuse. But in that case, the United States would 
gain vital information about the prospects for significantly slowing the rate of 
growth in emissions and might wish to elevate the priority of adaptation and 
geoengineering policy options relative to that of emission controls. 

 
Each of these three options is described in turn.  
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Tax shift  

Description 
Allowance sales revenue could be used to reduce various taxes such as the corporate 
income tax, the personal income tax, or the FICA (Social Security) tax. Revenue could 
also be used to reduce the taxation of dividends. Such revenue could also partially 
substitute for tax increases to fund various proposed government-sponsored savings 
accounts often discussed as partial solutions to unfunded liabilities related to the 
retirement of the baby boom generation.  

Cost-effectiveness 
Tax shift could reduce the welfare losses caused by existing taxes: “…[R]evenues from 
an auction of allowances or externality tax could be used to offset distortionary taxes and 
achieve some mitigation of the overall cost of the regulation at a macroeconomic 
level…This macroeconomic cost mitigation would be above and beyond the cost savings 
that would be expected to flow from the use of a market mechanism, such as emissions 
trading compared to a regulatory program that failed to equate marginal costs of control 
across all sources and options.” (Smith, Ross, and Montgomery  p. 4) 
 
Although estimates vary, the potential gains can be large. For example, a recent analysis 
found that using allowance revenues to reduce personal income tax rates could reduce the 
total costs of an emission control program by more than 40 percent, in comparison with 
simply grandfathering the allowances (Smith and Ross Table 3 p. 23). MIT’s EPPA 
model indicates that using carbon emission allowance revenues to reduce the personal 
income tax rate could cut program costs by about 25 percent (Babiker, Metcalf, and 
Reilly Table 11 p. 13). Other studies find that each dollar reduction in income taxes 
yields an economic benefit of $.2 to $.5 (Parry 2002b p. 5).*  
 
One intriguing variant of tax shift would be to use allowance sales revenues to help fund 
government-sponsored but privately owned individual savings accounts. Such accounts 
have been proposed as a means of reducing the scale of the government’s unfunded 
Social Security and Medicare liabilities. These unfunded liabilities have recently been 
estimated at almost $42 trillion in present discounted value (Gokale and Smetters p. 3). 
One way to reduce these liabilities would be to use tax revenues to create regulated 
private savings accounts. The accounts would substitute for part of the government’s 
future Social Security or Medicare commitments. Generally, such plans have been 
predicated on increased tax rates in order to make the accounts comparable to the 
reductions in future entitlement benefits. Emission allowance sales revenue could, in 
principle, substitute for some of the needed new tax revenue.     

                                                 
* Some economists speculate that the macroeconomic benefits of tax shift might even exceed the costs 
independently of environmental gains (Parry 2002a p. 34). This view, though, is now much less widely 
held than it once was (Smith, Ross, and Montgomery p. 3). 
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Distributional consequences 
Clearly the distributional consequences of the tax rate cuts depend on the specific taxes 
selected. One might, however, speculate about several possible consequences. 
 
A reduction in corporate or dividend tax cuts would have a regressive impact when 
combined with a greenhouse gas emission control plan. The top income quintile owns 60 
percent of all stock holdings. The bottom income quintile owns only 2.5 percent (Parry 
2002b p. 9).  
 
Because of concentration of financial assets in the hands of the more mature generations, 
using greenhouse gas emission control revenues to reduce corporate or dividend tax rates 
would counter climate policy income transfers from young to old. 
 
FICA decreases, in contrast, would offset the regressiveness of a greenhouse gas control 
system, but decreasing FICA rates would not benefit the non-working poor. 
 
Within industry, substituting greenhouse gas emission allowance sales revenue for a 
FICA tax increase would generally benefit labor-intensive industries at the expense of 
energy-intensive ones. It would especially favor labor-intensive industries with relatively 
low-wage workforces for whom FICA tax increases are most expensive. Railroads would 
have a special problem because their workers are not covered by Social Security, and 
would receive no benefit at all. 
 
Many of the distributional implications of using revenues to fund government-sponsored 
private savings accounts would depend on which tax would have otherwise been 
increased. The accounts themselves can easily be structured to have a progressive impact 
on income distribution (Schieber and Shoven pp. 386-408).  
 
The combination of government-sponsored but privately owned savings accounts with 
allowance revenue funding would produce the maximum redress of the Social Security 
System’s bias against younger (and future) generations (Schieber and Shoven Table 7.1 
p.106). Under this proposal, younger workers would receive the full direct benefits from 
both savings accounts and climate change mitigation. Current retirees, who have reaped 
enormous net transfers from Social Security, would pay higher energy prices, but not 
receive climate change mitigation benefits. Older people might, of course, still benefit 
from any increase in near term economic growth generated by higher national saving 
rates. 

Political implications 
The primary political advantage of tax shift is that it could link emission controls to a 
policy area where large-scale legislative initiatives are virtually inevitable. As 
government’s accounting horizon begins to include years in which the aging of the 
population will worsen federal current accounts deficits, fiscal problems will become 
increasingly difficult to ignore. Those legislators highly motivated by the climate issue 
may increase their political leverage by using emission controls as a revenue source, 
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rather than by working in the traditional environmental policy channels, where inaction 
remains a politically viable option. 
 
It was this dynamic that led to the enactment of Germany’s ecological tax, the 
centerpiece of German national climate policy. The German public does not understand 
the logic of tax shift, and the tax itself remains unpopular (Interwies et al p. 28-29). But 
the ecological tax survives and has been raised because the government needs the 
revenue that it provides, and the Greens have bargained for this particular measure 
(Interwies et al pp. 22-23).  
 
Clearly, in the U.S. political context, the political implications of specific tax shift 
proposals would depend heavily on the tax for which greenhouse gas allowance revenues 
are substituted. Obviously, reductions in the personal income tax or corporate income tax, 
or reduction of the tax rate on dividend income, are far more popular with conservatives 
than with liberals. The same is true of proposals to use savings accounts to replace part of 
future government entitlements. 
 
Using greenhouse gas allowance revenues to reduce these taxes would, therefore, cut 
across the usual ideological divisions. On a close vote, a few liberals willing to bargain 
for emission controls in exchange for accepting conservative-backed tax cuts would have 
an unusual amount of bargaining power. The key question would become whether 
coupling the issues would gain more votes than it lost. The answer would depend on the 
relative saliency of emission controls versus entitlement issues on each side of the 
political spectrum. 
 
Institutionally, the cap-and-trade system would draw a different Congressional committee 
jurisdiction than would the tax reduction, implying a potential complication in 
Congressional passage. Writing the cap-and-trade provision as a straight carbon tax, if 
that were politically acceptable, would also cure the jurisdictional problem.  
 

**** 

R&D funding 

Description  
Using allowance revenues to fund energy R&D might spur the development of cost-
competitive non-emitting energy sources. Economic theory suggests that markets 
typically under-invest in R&D. But government energy R&D has a mixed record of 
success and failure. Political incentives to convert R&D funds into legislative pork barrel 
prompt doubts about the wisdom of increasing government energy R&D spending.   
 
Sale of tradable emission allowances could fund government R&D designed to develop 
climate solutions. In part, this effort might seek to advance a portfolio of emission-free 
energy technologies. Some research might be aimed at advancing non-emitting energy 
technologies for the fast-developing countries. Research might also appropriately include 
developing technologies for the atmospheric capture of carbon. Similarly, technologies 
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such as albedo enhancement are worth at least preliminary exploration (NAS 1992 pp. 
458-462; Nordhaus and Boyer p.176). Finally, technological progress could assist in 
adaptation to the climate change that is already inevitable.  
 
Alternative institutional arrangements might improve on the past performance of 
government-funded energy R&D. For example, prize offers might be used to create 
incentives for innovation. Allowances might also support a multi-disciplinary think tank 
devoted to developing innovative climate solutions.* Such a group might play a climate 
policy role analogous to the defense policy role played by the Rand Corporation in the 
first decade and a half of the Cold War. Its mission would be to foster innovative 
responses to the climate problem. The entity would recruit high-level talent in both the 
physical and the social sciences. A permanent endowment of tradable emission 
allowances to the entity might help to ensure creative freedom. The organization’s role 
would be concept development, rather than hardware development.  

Cost-effectiveness  
Markets typically under-invest in R&D. Innovators must incur the full costs of 
developing new technologies, but have difficulty in capturing the full benefits of their 
innovations. Hence, even with an economically efficient greenhouse gas emission 
allowance price, the market would produce less than optimal amounts of R&D on climate 
solutions. “The economics literature makes a convincing case that increasing R&D 
beyond the amount that the private sector is willing to support has large potential 
benefits” (Cohen and Noll p. 22). In theory, therefore, government could appropriately 
fund R&D to find climate solutions.  
 
Recent studies have pointed out that existing energy technologies are unable to stabilize 
greenhouse gas emissions at affordable costs and have recommended research and 
development on a diversified portfolio of emission-free energy technologies (Hoffert et al 
p. 981 and MIT p.1). A recent assessment of the U.S. Department of Energy (DOE)’s 
R&D in energy efficiency and fossil fuel found that benefits in these two areas exceeded 
costs (NAS 2001 p. 6). More ambiguously, a recent analysis of government R&D for 
renewables found that costs fell as a result of the technological advance but not by 
enough to offset the cost advantage of fossil fuel-based technologies, which also 
improved.  
 
The assessments of specific DOE programs did not address a fundamental question about 
theoretical case for government R&D. To what degree is government spending increasing 
total R&D activity, not just substituting government R&D for private sector activity or 
climate-related R&D for other kinds? In fact, “The degree to which federal R&D 
substitutes for, or actually encourages, privately funded R&D is a matter of considerable 
dispute, but the most recent work indicates a reasonably high level of substitution” 
(Cohen and Noll pp. 48-49).   
 
If government climate-related R&D does substitute for other R&D, it could fail a cost 
benefit test while producing benefits in excess of the government expenditures. 
                                                 
* The author is indebted to Professor Thomas Schelling for this suggestion 
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Currently, an additional dollar in R&D expenditure produces $4 in benefits (measured in 
present value). To be cost-beneficial, therefore, each dollar spent on climate research 
instead of other research would also have to produce $4 in benefits (Nordhaus 2002 p. 
267).  
 
The political incentives affecting government-funded R&D may make high returns hard 
to achieve. For example, government R&D has sometimes proven to be short-sighted 
because “… legislators are prone to pay too much attention to distributive benefits from 
near-commercial pork barrel projects relative to more fundamental R&D activities” 
(Cohen and Noll p. 382). At other times, government R&D can be captured by organized 
interests, as happened, for example, in the case in which government R&D was 
committed to making synthetic fuel from high-sulfur eastern coal, even though it was 
clear that the prospects for success were better in the case of western coal (Cohen and 
Noll p. 368).  
 
Institutionally, granting a stream of allowances to an entity or entities charged with the 
R&D could insulate the program from the pressures of pork barrel. Of course, the initial 
creation of such an independent entity would itself be subject to pork barrel temptations.  

Distributional consequences  
An economically efficient R&D program would only modestly modify the short-run 
distributional consequences of the emission controls. In the longer run, an R&D program 
that led to a cost-competitive emission-free energy technology could have profound 
distributional consequences. But viewed ex ante, the pattern is unknowable. R&D would, 
however, certainly benefit individuals and institutions, presumably including universities, 
which held a competitive advantage in science and engineering.  

Political implications 
Using tradable emission allowance revenues for R&D may be the most politically 
attractive of all the options with a claim to enhance the cost-effectiveness of controls. 
After all, there is already some government-funded R&D on emission-free technologies. 
There can therefore be no doubt that government support for such work is a politically 
viable concept.  
 
The connection between the problem of emissions and the solution of increased R&D 
spending is relatively transparent. Indeed, the logic of increased R&D spending may be 
more understandable than that of emission allowance plans. Some political scientists have 
speculated that the public has difficulty understanding the linkage between financial 
disincentives and emissions reductions (Arnold pp. 24-25).  
 
German experience provides an intriguing hint that people may see all taxes as merely 
revenue-raising measures, whatever the environmental incentives intended by 
policymakers (Interwies et al pp. 28-29). The same might hold true for emission 
allowance plans. Thus, using revenues for R&D could strengthen political support for the 
emission control policies themselves, although the hypothesis remains speculative, absent 
more concrete public opinion research.  
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Another political consideration might be that tying emission controls to R&D spending 
would institutionalize a small but potentially influential constituency for the emission 
controls program. Research institutions that were financially dependent on tradable 
emission allowance revenues would presumably wish to maintain the value of the 
allowances. To do so, they would have to support emission controls. 
 

**** 

Buying emission reductions from less developed countries 

Description 
The United States could pay less developed country (LDC) governments to implement 
policies to reduce greenhouse gas emissions. The U.S. government’s revenue from the 
domestic sales of emission allowances would provide revenue that could be offered to 
encourage LDCs to adopt emission-reducing policies (e.g., carbon taxes or the 
elimination of current energy subsidies). From the standpoint of the LDCs, the payments 
from the United States and perhaps other developed countries could offset the political 
and economic costs of implementing the emission reductions.*  
 
In anticipation of substantial emission reductions achieved in LDCs, to be paid for by the 
U.S. government, the domestic U.S. program could accept lower allowance prices and 
larger numbers of allowances than with a purely domestic program. The program might 
also establish the policy that further gradual increases in control levels would be 
contingent on obtaining a positive response from key LDCs such as India and China. A 
still more rigorous approach would be to sunset the domestic controls unless the 
Executive Branch certified that an adequate LDC response had occurred by a specific 
time.    

Cost-effectiveness 
Because emission reductions are cheaper in the developing world, the United States could 
achieve the same total emission reductions with less stringent and less costly domestic 
emission controls if domestic controls were supplemented by an effort abroad. 
Alternatively, the United States could achieve more emission reductions for the same cost 
if it used allowance sales revenue to encourage low-cost LDC emission reductions. 
Certainly, if the goal of U.S. policy is to maximize near-term emission reductions within 
a cost constraint, gaining access to LDC abatement opportunities is key and likely to be 
far more important than domestic reductions would be. 
 

                                                 
* Alternatively, the U.S. government could contribute to emission-reducing projects in LDCs. An approach 
based on changing LDC policies, however, is inherently more cost-effective because it is comprehensive 
and lowers transaction costs in comparison with a project approach. Politically, the choice between a 
project approach and one based on policies is more ambiguous. On the one hand, a project approach might 
create politically popular business opportunities for U.S. technology vendors. On the other hand, a policy-
based approach is more transparent and the reductions in the growth of emissions are likely to be more 
credible. 
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Emission reductions are cheaper in LDCs because so much of the projected growth in 
energy infrastructure is likely to take place in LDCs. And raising the energy efficiency of 
still unbuilt facilities would be much cheaper than retrofitting or scrapping already 
existing but relatively recent-vintage domestic plants. Also, some developing countries 
subsidize energy consumption, and eliminating such subsidies would produce economic 
benefits even though it might be politically unpopular (Nordhaus and Boyer p.135). 
 
The United States could realize large potential savings from obtaining part of its emission 
reduction target from encouraging LDC emission control policies in place of a policy of 
relying solely on domestic reductions. For example, the Energy Modeling Forum multi-
model comparison showed that the inclusion of emission reductions from developing 
countries in the Kyoto Protocol system would have reduced the cost per ton of carbon 
emissions controlled by between 29 and 75 percent. The average result was a reduction of 
55 percent (Hourcade and Shukla Table 8.7 p. 537). 
 
The lower cost per ton of emissions would also translate into greatly diminished harm to 
the U.S. economy. The Energy Modeling Forum results indicate that had the United 
States been able to tap the emission reductions potential of LDCs, the harm done by the 
Kyoto Protocol to its economy would have been greatly ameliorated. Estimates of the 
reduction in economic harm ranged from 35 percent to 81 percent. The average estimate 
was 57 percent (Hourcade and Shukla Table 8.8 in Metz p. 537). 
 
The policy considered here resembles the familiar notion of international trading of 
emission allowances, except that the transactions would be conducted government-to-
government, and the emission reductions would be achieved through the introduction of 
LDC government policies.  

Distributional consequences 
The program’s objective could be to leave the economic welfare of current generations in 
the LDCs unaffected by emission controls. In effect, the payments from the U.S. 
government would just offset the loss of development potential that would otherwise 
occur as a result of the emission controls. But the need to offset the political resistance to 
higher energy prices would raise the possibility that the payments would have to exceed 
the economic costs. 
 
Domestically, the plan might ameliorate the overall costs of emission controls, but it 
would not provide any special compensation to any of the interests incurring a 
disproportionately large share of the costs of controls. In reality, some of the allowances 
would have to be used for this purpose. Thus, the funds available to encourage the LDC 
emission reductions would be even more limited as compared to the scale of the task. 

Political implications 
Proposing to use allowance revenues to encourage emission controls in LDCs offers the 
possibility of confronting for the first time the domestic political problem created by the 
LDCs’ non-participation in the emission control regime. At least since the Byrd-Hagel 
Senate Resolution against the Kyoto Protocol, the claim that LDC non-participation in 
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emission controls rendered U.S. action pointless has been a major barrier to instituting 
U.S. controls. Building a plan to encourage LDC cooperation into the domestic control 
system’s founding legislative mandate is a logical political response.   
 
Of course, a relatively small revenue stream from the sale of domestic emission 
allowances may not be sufficient to buy much policy change in the large LDCs, given the 
political resistance to higher energy prices. Many LDC governments lack the political 
legitimacy to impose costs on politically influential segments of society (Cooper p-- ). 
The U.S. payments would have to be large enough to convince the governments of at 
least some large LDCs to incur the political costs of higher energy prices. It is unclear 
whether they would be.  
 
Nevertheless, linking the allowance revenue to incentives for LDC control policies offers 
several major political advantages.  
 

1. By removing a powerful objection to the imposition of domestic emission 
controls, it would improve the prospects of breaking the political logjam on the 
need for a mandatory U.S. emission control program  

 
2. If the LDC response were favorable, the cost-effectiveness of U.S. emission 

control efforts would likely benefit substantially.  
 

3. If the LDC response were unfavorable, the United States would receive an 
important signal to reorient its climate policy away from reliance on emission 
control and toward adaptation and geoengineering approaches. 
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SHIFTING THE INCIDENCE OF COSTS SHIFTING THE INCIDENCE OF COSTS 

                                                

 
Although cost-effectiveness can reduce the net losses that must be distributed in society, 
another strategy for using allowance allocation to improve the political viability of an 
emission control strategy is to redistribute the costs. Because interests groups differ in 
their capacity to influence the political system, the distribution of costs can affect the 
viability of the measure that imposes them. So far, the economic literature about the 
incidence of the costs of greenhouse gas emission controls has centered on the relative 
size of the costs borne by energy sector producer interests versus consumer interests.*  
 
Energy sector industries and labor unions are politically formidable. So is the wrath of 
consumers if they become aware of specific actions that harm their economic interests. 
Pietro Nivola, among other political scientists, has explained how the interaction of these 
two sources of political resistance has greatly complicated the task of enacting any 
legislation increasing the price of energy and particularly, gasoline. To succeed 
politically, greenhouse gas emission control policies must cope with both of these springs 
of resistance.  
 
Two emission allowance allocation systems have been suggested as possible solutions. 
 

1. Allowances could be “grandfathered” to coal and other injured interests. 
“Grandfathering” tradable emission allowances means distributing them gratis 
according to some historical metric. Because allowances are worth money, their 
free distribution is in effect a subsidy, which can offset the losses in profitability 
and asset value occasioned by the imposition of emission controls. Depending on 
the incidence of costs of the emission controls and the rules for grandfathering, a 
firm or industry may break even, be a net winner, or experience net losses. 

 
2. Consumers could also be “grandfathered.” Government could give the 

allowances themselves to citizens, who could then sell them to the industries that 
need them to stay in business. Or government could sell the allowances directly to 
industry and distribute the proceeds of those sales in lump sum payments to 
citizens. Either the allowances or the cash payments would offset at least some of 
the lost purchasing power created by the imposition of emission controls. Again, 
depending on the incidence of the abatement costs and the rules of the 
distribution of revenue (or allowances), individual citizens may win, lose, or 
break even in the financial transfers.  

 
These two allocation systems differ fundamentally only in whether producer or consumer 
interests receive the government payment. Unlike the tax shift plan, neither arrangement 
would create any positive economic offset to the economy as a whole. But unlike the 

 
* Sometimes political discussions misleadingly characterize this issue as a conflict between business and 
households. In reality, all costs are borne by households. The clearer way to describe the distributional 
impacts would be to distinguish between costs borne by consumers in general and costs borne by the 
employees and stockholders of energy-intensive businesses. 
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updating allocation systems discussed in the last section of this paper, neither would 
these systems degrade cost-effectiveness except for the transaction costs of distributing 
the allowances.  
 

**** 
 

Conventional grandfathering 

Description 
“Grandfathering” tradable emission allowances means distributing them according to 
some historical metric. Title IV of the Clean Air Act grandfathered most of the emission 
allowances that it created. Because allowances are worth money, distributing them gratis 
amounts to the government distributing money to private interests, but without a 
transparent cash transfer. Grandfathered allocation requires many choices. These include 
the definition of the base period, the universe of recipients, and the metric by which 
allowances are distributed.  
 
A key feature that distinguishes all forms of grandfathering from the updating systems is 
that grandfathering uses a one-time allocation of allowances based on past behavior. 
Thus, in a grandfathered distribution, economic actors can do nothing to change 
government’s distribution of allowances. And the allowance allocation system, therefore, 
affects the distribution of wealth and income. But economic behavior will be the same, 
regardless of the metric by which allowances are allocated. 

Cost-effectiveness 
Because the metric is based on a bygone baseline condition, it does not create any 
economic incentive to change current economic behavior. Thus, except for the 
administrative costs of the distribution, a grandfathered allocation does not create 
additional economic distortions. It leaves the cost-effectiveness of emission controls 
essentially unchanged. 
 
In this regard, grandfathering sacrifices the opportunity offered by the first three 
allocation options to reduce the costs of emission controls. Thus, every grandfathered 
allowance subtracts from the resources that might be available to enhance program 
efficiency. These costs would be quite large if all of the allowances were grandfathered. 
For an economy-wide greenhouse gas emission control program, full grandfathering 
would increase costs by 80 percent in comparison with using the allowances to reduce 
personal income tax marginal rates (Smith and Ross p. 4). 
 
A large part of the resulting loss in economic welfare is caused by the need to raise taxes 
to offset the government revenue losses caused by emission controls.* Therefore, if the 
grandfathered allowances are limited to those needed to offset energy sector losses with 
the remainder of the money going to reduce marginal personal income tax rates, the cost 
                                                 
* As explained in the introduction, by reducing short-run economic growth, emission controls decrease 
government revenue. This lost revenue must eventually be recovered with higher taxes. And higher taxes 
further retard growth, exacerbating the costs of the program as a whole. 
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to society is more modest. In this case, the costs of the program would be only about 12 
percent higher than with the optimal tax shift program (Smith and Ross p. 22). 
 
This estimate does not, however, account for the fact that grandfathering, when applied to 
industries subject to price regulations based on average costs, would create further 
inefficiencies when compared with a system that auctioned allowances. In the electric 
power sector, because of the persistence of economic regulation, grandfathering would 
roughly halve the cost-effectiveness of an emission control system for carbon (Burtraw et 
al 2001 p. 3). Completing economic deregulation would eliminate this particular 
inefficiency, but further deregulation is an uncertain prospect.  
 
Although grandfathering compares poorly in cost-effectiveness with allocation systems 
that would enhance the cost-effectiveness of emission controls, it is superior to almost all 
updating allocation systems. Updating allocation systems would increase or decrease the 
number of emission allowances given to firms (or households) on the basis of their 
behavior after the program was in operation. Thus, updating programs create welfare-
reducing market distortions that grandfathering programs do not. 

Distributional consequences 
Emission controls combined with the full grandfathering of allowances would seemingly 
represent an economic opportunity for the energy industry. Grandfathering about 10 
percent of the value of the stream of allowances extended indefinitely through time could 
fully compensate the energy sector for the economic loss imposed by greenhouse gas 
emission controls. The number would be somewhat lower if the energy sector were 
treated as a whole, and if the windfall profits of nuclear and hydropower producers were 
somehow assumed to offset the losses of coal and oil producers.  
 
The percentage of allowances needed to compensate all industry would be somewhat 
higher. Railroads, for example, would be big losers from emission controls because they 
earn much of their profit by hauling coal. There would be some losses for large industrial 
consumers of energy, such as aluminum smelters and petroleum refiners. But energy is a 
fairly small cost item for most of American business (Morgenstern, Ho, Shih, and Zhang 
p. 28). It seems likely that all producers could profit from emission controls so long as 
household consumers could be made to bear all or most of the costs.  
 
Grandfathering producers would have minor indirect distributional consequences. For 
example, it would slightly benefit older generations, who tend to own more stock. It 
would also favor the economically better off for the same reason. Interregional impacts, if 
any, are unclear, although regulators’ reluctance to allow utilities to pass the opportunity 
cost of allowances through to electricity consumers would doubtless produce some 
differences between regulated and deregulated power generation markets.   

Political implications 
By grandfathering greenhouse gas allowances, the U.S. government would confer 
economic rents on the firms that receive allowances. And from the standpoint of political 
psychology, grandfathering is good way of conferring rents because it avoids the 
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appearance of disbursing public money to private sector interests. These rents could 
offset some or all of the costs of emission control. Indeed, grandfathering potentially 
promises large windfall profits for energy industry firms.  
 
Why, then, do energy sector firms resist greenhouse gas emission controls rather than use 
grandfathering to capture the potential windfall profits? Some recent events suggest that a 
few firms in the electric power sector are in fact beginning to embrace just this strategy. 
Even then, why have so few firms reacted, and why so slowly and tentatively? 
 
Industry has at least four reasons for treating a “profits through grandfathering” strategy 
with great caution: 
 

1. Ex ante, no specific firm can be confident that the grandfathered allowances it 
receives will be sufficient to offset the economic losses imposed by emission 
controls. Political factors might drive the share of allowances granted to industry 
to unexpectedly low levels. Or in the political deal-making needed to achieve a 
favorable allocation, a firm might simply be outmaneuvered by its rivals.  

 
2. Full grandfathering would produce such large windfall profits that it might result 

in political scandal. Large, highly regulated, high public profile firms in the 
energy sector are vulnerable to many forms of political pressure and would incur 
additional political and public opinion vulnerabilities from doing too well in the 
scramble for windfall profit-conferring allowances (or perhaps even the 
perception that they had done too well).  

 
3. Some of the more conservative Members of Congress have elevated opposition to 

greenhouse gas emission controls to a matter of principle. Industry 
understandably fears offending these legislators, who are usually valued allies.  

 
4. Grandfathered allowances provide firms with only modest protection against 

future escalation of government demands for emission controls. Some have 
suggested that firms heavily discount the value of a permanent stream of 
allowances because they know that in time, policy will change, and the 
grandfathering rules may change with it.  

 
**** 

Consumer grandfathering   

Description 
Distributing allowances or allowance revenues directly to households is the mirror image 
of grandfathering to producer interests. McKibbin and Wilcoxen, the authors of the first 
consumer grandfathering plan, envision a single one-time distribution of perpetual 
allowances (McKibbin and Wilcoxen, p. 69). Each perpetual allowance would generate 
one annual emission allowance in every subsequent year. The government would 
distribute the allowances to the household sector presumably on an equal per capita basis. 
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Most households would doubtless sell their perpetual allowances to financial managers, 
greatly reducing transaction costs as financial managers came to acquire and manage 
large blocks of allowances.  
 
Under this plan, government would sell annual allowances only as part of the operation 
of the allowance price safety valve provision of the emission controls. The revenue from 
the sales of the annual allowances sold through the safety valve would be the only 
allowance revenue accruing to government. The rest would go to consumer or producer 
interests that had been granted perpetual allowances.*  
 
Alternatively, government could give households revenue it had collected from selling 
allowances to industry. One version of this approach would distribute the revenue to 
households in equal annual lump sum payments. (This is the system envisioned in the so-
called Sky Trust plan.)   

Cost-effectivenss 
Like conventional grandfathering, consumer grandfathering precludes efficiency-
enhancing tax shift, or other possible enhancements of the program’s cost-effectiveness. 
One recent estimate found that a variant of consumer grandfathering (specifically, a 
version of the Sky Trust plan), when compared with tax shift, would considerably more 
than double the costs of emission controls (as is shown by comparing the results of 
Scenario 2 with Scenario 7 in Smith and Ross Table 3 p.18). Interpolating from this 
analysis suggests that lump sum payments would raise the present discounted value of 
emission controls by many hundreds of billions of dollars and perhaps by almost a trillion 
dollars. 
 
As with conventional grandfathering, the cost disadvantage relative to tax shift could be 
reduced if enough allowance revenue were used to avoid tax increases and offset the 
government fiscal deficits caused by emission controls. As mentioned above, consumer 
grandfathering could create a stream of government revenue of the desired size by 
manipulating the disparity between the total annual allowances demanded and those 
produced by the perpetual allowances. However, the larger the share of allowances sold 
by government through the safety valve provision, the lower would be the revenue 
available to offset the purchasing power losses of households.  
 
As per household payment falls, the value of maintaining a separate system for 
distributing income to households would become increasingly questionable. The costs of 
sending money back to the household sector are probably fairly insensitive to the size of 
the payment. With quite plausible amounts of money having to be set aside for restoring 
tax revenue and compensating producer interests, the annual payment per household 
could be reduced to the vicinity of $20. This would clearly be too small to justify the 
expense of maintaining a separate system for revenue transfers. 

                                                 
* Typically, the difference between the number of perpetual allowances distributed and the total number of 
annual allowances demanded (at the safety valve price) would determine the size of the revenue stream 
flowing to the government. Government’s share of the allowance sales revenue would rise with increases in 
the gap between the total demand for allowances and the number of perpetual allowances. 
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Distributional consequences 
Consumer grandfathering would partly negate the regressive impacts implied by emission 
controls. Less affluent people consume less than the average quantity of energy. But they 
could receive the national average share of perpetual allowances. They would therefore 
gain relative to their more affluent fellow citizens, but many poorer households would 
still be left worse off economically than they would be without emission controls. 
 
In generational terms, the one-time McKibbin-Wilcoxen distribution has different 
implications from those of annual payments from government to all living citizens. 
Presumably, the generation that received McKibbin-Wilcoxen allowances would use 
most of their value to offset the loss in purchasing power occasioned by emission 
controls. This outcome would carry some compensation for their having to incur costs 
with no prospect of direct benefits. To some commentators, however, the McKibbin-
Wilcoxen plan offers no compensation to the future poor.  

Political implications 
Both alternatives described here seem to deal with some of the political problems that had 
plagued the BTU tax. That proposal had encountered resistance, in part because of its 
supposedly regressive impact. Household revenue recycling would create a highly visible 
political transfer payment to counter this effect. The desire to enhance the political 
visibility of the revenue recycling dictates the use of a separate payment system. Thus, 
lump sum revenue recycling would, albeit with a substantial additional transaction cost, 
create a free-standing “demo grant” program.  
 
The obvious question is whether the economic cost is worth the political benefit. For 
example, how might people respond to a government check compensating them for some 
of the costs of higher energy prices -- higher prices deliberately imposed by government 
policy? Political scientist Douglas Arnold has written about the political risk for 
legislators who visibly impose costs on constituents. By inference, an allowance or a 
lump sum demo grant, by returning the money in a highly visible way, would also 
highlight the initial policy-induced cost increases. This visibility might have the opposite 
effect of politically protecting the policy’s legislative supporters.  Absent concrete public 
opinion research, prediction of the net effect is speculative.  
 
In political optics, the two consumer oriented plans exhibit a significant difference. 
Consumer grandfathering is designed to avoid the tax-and-spend image implicit in the 
Sky Trust revenue recycling. To some degree, it does. A version of consumer 
grandfathering was incorporated in four-pollutant legislation (S. 556) last year. A more 
favorable image might be strengthened if McKibbin-Wilcoxen perpetual allowances were 
used in place of a tax increase to help start a system of government-sponsored savings 
accounts. This approach might be the single strongest candidate for using allowance 
allocation to change the “ideological valence” of greenhouse gas emission controls from 
left to center. 
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USING ALLOCATION TO HIDE THE COSTS OF 
EMISSION CONTROLS 

USING ALLOCATION TO HIDE THE COSTS OF 
EMISSION CONTROLS 

 
It is possible to go beyond allocation systems such as those considered in the previous 
section and not only shift the incidence of costs, but also to hide those costs from most 
voters. The penalty associated with this approach is an increase in the total costs of the 
emission control program. The conventional method of hiding the costs of pollution 
abatement has been the use of regulations rather than economic incentives.* The 
proponents of cost concealment strategies have, however, developed a new cost 
concealment approach called the Generation Performance Standard (GPS). A GPS 
system is a particular form of an updating allocation system that creates a system of 
cross subsidies among the emitters subjected to it.  
 
In contrast to grandfathered allocation systems, which by definition use some historical 
pattern as the basis for allocating emission allowances, updating systems change the 
allocation of allowances in response to changing economic behavior. In doing so, 
updating systems create economic incentives for whatever behavior leads to increased 
allocation of allowances. This incentive lures economic actors into behavior that they 
would not otherwise find profitable or beneficial, and creates a new welfare-decreasing 
market distortion. Thus, all updating allocation systems to some degree degrade the cost-
effectiveness of emission control plans. Not all updating systems, however, have the cost-
concealing features of a GPS. 
 
The net effect of a GPS is to change the relative costs of various generation sources while 
producing only modest increases in average electricity rates, and under some 
circumstances, even lowering rates. Superficially, this combination sounds benign. In 
reality, though, it vitiates the emission controls’ ability to reduce energy use, and 
transfers much of the price increase that would normally have occurred in the electricity 
sector into the natural gas market. The result is a series of economic distortions, which 
according to some analyses, raise the social costs of emission controls substantially 
above the necessary levels. 
 

**** 

Generation performance standard 

Description 
A Generation Performance Standard (GPS) defines a standard quantity of emission per 
kilowatt hour. The GPS updating system grants power generators emission allowances 
equal to the GPS for each kilowatt hour produced. Power generators emitting less than 

                                                 
* The causal linkage between environmental command-and-control regulation and the higher costs of goods 
and services is less transparent than it is with an emission tax or cap-and-trade system. As a result, 
legislators historically preferred command-and-control regulations, despite their lower cost-effectiveness 
(Arnold p. 23-24  ). 
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the GPS, typically gas-fired power plants, would receive surplus allowances for each 
kilowatt hour produced. The generator would earn extra money by selling the excess 
allowances. Such a generator would have an economic incentive to increase electricity 
output to acquire more emission allowances. In order to sell these additional kilowatt 
hours, the power generator would, if necessary, reduce the prices that it charged for 
electricity.  
 
Power producers emitting more than the GPS per kilowatt hour, often coal-fired power 
plants, would incur extra costs. They would have to buy additional emission allowances 
for every kilowatt hour they generated. Especially in deregulated markets, they would 
often be unable to pass through these costs in the form of higher rates because the extra 
output from gas-fired plants would frequently call forth an oversupply of electricity.  
 
A GPS can include or exclude non-emitting sources. If non-emitting sources are excluded 
from receiving allowances, their output could actually be discouraged because of the just-
mentioned tendency of updating allocation systems to depress electricity rates. One 
recent legislative proposal entirely excluded the only economically significant non-
emitting sources, nuclear and hydroelectric power. The other gave them the subsidy but 
only for output above 1990 levels.   

Cost-effectivenss 
A GPS has many of the efficiency disadvantages of a grandfathered system. No 
allowances are available for efficiency-enhancing uses such as R&D, foreign allowance 
purchases, or tax shift.  
 
The subsidy effect, however, creates additional inefficiencies. The subsidy would depress 
electricity rates. An updating system either does not discourage electricity consumption 
enough, or, sometimes, actually encourages power consumption. This lower rates work 
directly counter to the goal of reducing greenhouse gas emissions.  
 
Moreover, if nuclear and hydroelectric generators were excluded from the allowance 
allocation, a GPS would not encourage increased output from these emission-free 
sources. But the preservation and expansion of these generators is currently the most 
economically attractive way of reducing emissions. In this way too, a GPS system 
degrades the cost-effectiveness of emission controls.  
 
The efficiency costs are large. Indeed, a power generation sector greenhouse gas emission 
control plan using a GPS costs roughly twice as much to achieve any given level of 
emission control as would a system using an auction to distribute allowances (Burtraw et 
al. 2001 p. 28.)  
 
Finally, a GPS system for power plants cannot easily be integrated into economy-wide 
greenhouse gas emission controls. Unlike electric power production, where one kilowatt 
hour is much like another, the rest of the economy typically produces heterogeneous 
outputs. Expanding an updating allowance allocation beyond electric power would, 
therefore, be difficult.  
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Yet failure to establish an economy-wide system would necessarily create inefficient dual 
or multiple control systems, perhaps based on command-and-control. This outcome raises 
the probability that Corporate Average Fuel Efficiency (CAFE) standards would be used 
as the transportation sector emission control strategy. This use of CAFE standards would 
greatly degrade the efficiency of emission controls. In comparison with the comparable 
policies relying entirely on prices, using CAFE standards for the highway sector in every 
instance at least doubles the policy’s total social costs (Smith, Ross, and Montgomery 
Table 3 p.15). 

Distributional consequences 
The intergenerational impacts of a GPS would resemble more efficient emission controls. 
Electricity prices would not rise as much and, in some markets, would even fall. Hence, 
the change in income distribution would be less regressive than with an efficient 
approach, although some of this effect may be offset because updating systems give an 
extra boost to natural gas prices.  
 
The major implications of a GPS system would fall within the industrial sector. GPS 
would harm owners of coal-fired power plants. Coal-fired generation costs would rise 
because of the need to buy allowances. Yet the incentives for gas-fired plants to 
overproduce would exert downward pressure on rate levels. Hence, a GPS threatens coal-
fired generators with a cost price squeeze.  
   
Nuclear and hydroelectric plants could either gain or lose relative to an auction based on 
how badly they were discriminated against in the distribution of the allowances. Existing 
gas-fired power plants would in general gain as a result of the subsidy, but also encounter 
higher natural gas prices. Those interests building new gas-fired power plants for which 
market demand is inadequate would benefit.   
 
A GPS would harm coal mine owners and workers, and railroads and rail labor. The 
Resources for the Future HAIKU model estimates that output of coal-fired power plants 
would be 25 percent greater with a GPS than with an auction, implying serious economic 
problems for coal producers and railroads (Burtraw et al Table 3 p. 36).  
 
A GPS system in electric power transforms some of the electricity price increases that 
would normally occur as a result of emission controls into a boost in natural gas prices. It 
would also expand the power sector market share of natural gas. The expansion would 
roughly double the natural gas price increase compared to that produced by an auction. 
Natural gas prices would rise by 6 percent in comparison with a 3.2 percent increase 
caused by an auction (Burtraw et al 2001 p. 18). Natural gas producers would reap large 
windfall profits. Conversely, chemical firms using natural gas as a feedstock would face 
production cost increases. 

Political implications 
A GPS system would hide the costs of emission controls from voters. Electricity rates 
would increase less than with other allocations and may even fall, and the public could 
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not trace natural gas price increases to the imposition of emission controls. Also, a GPS 
system allow legislators to discriminate very selectively in conferring economic rents 
among interest groups, as is illustrated by the respective cases of natural gas and nuclear 
power.  
 
A GPS system also hides rent-creating legislative decisions even better than 
grandfathering does. The allowances are “earned” by output rather than arbitrarily 
conferred by government. And they are ostensibly linked to a current good, such as 
production, rather than to a historical bad such as emissions. This illusion may make GPS 
appear to be less pro-business. 
 
GPS systems, for all their political advantages, though, also have severe political defects. 
The political downside is threefold: 
 

1. Within the GPS system, for every dollar of economic rent collected, another firm 
is compelled to pay a dollar -- a dollar to subsidize the output of its competitor. 

 
2. The GPS system does not help coal producers, railroads, and chemical 

manufacturers (although they could be grandfathered). 
 

3. The GPS system is so inefficient that the disadvantaged interests would have a 
powerful argument against it.  
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 COMMENTARY  COMMENTARY 
 
A sophisticated handling of allowance allocation could significantly improve the cost-
effectiveness of greenhouse gas emission control legislation. And improved cost-
effectiveness would help to address valid objections that have been raised by the 
opponents of prior emission control proposals. Conversely, given the need to boost the 
cost-effectiveness of greenhouse gas emission controls, any system that does not set aside 
enough allowances to offset the fiscal losses expected from emission controls should be 
subject to careful scrutiny.    
 
Proponents of emission controls should research the political appeal of the various 
allowance allocation systems that could enhance cost-effectiveness. Economically, the 
ranking of preference would probably run from the ideal of tax shift, to LDC emission 
controls, to R&D. Superficially at least, the assessment of relative political feasibility is 
probably the exact reverse. But that political assessment is based on casual observation 
rather than systematic exploration. Allocation system choices in future legislative 
proposals would be greatly clarified if it could be found with greater confidence how 
much or how little political support the three strategies examined in this paper would 
garner.   
 
Clearly, in addition to raising cost-effectiveness, allowance allocation will have to shift 
the incidence of control costs. One of the key questions in crafting future legislation is the 
appropriate balance between reducing costs and shifting them to interests less able (or 
less inclined) to resist the enactment of the legislation. Whatever cost shift is necessary, 
grandfathering can accomplish considerably more for a given economic sacrifice than 
will be possible with a GPS (and most other updating allocation systems). 
 
Within the allocation designed to shift the incidence of costs resides the question of the 
relative priority of producer interests and consumer interests. In this area, opinion 
research on the actual political payoff likely to be achieved by compensating households 
should be a priority. On its face, establishing a stand-alone system for transferring 
relatively small amounts of money to each and every household entails both high 
transaction costs and at least equally high political risks. Testing the appeal of this 
concept with the public might help extricate policymakers from what may be a political 
dead end.    
 
Research on the political attractiveness of payments to households might also illuminate 
the limits of allowance allocation as a source of political solutions. The basic fact that 
emission controls represent an income transfer from current to future generations points 
to the existence of such limits. Thus, emission allowances could compensate the heavily 
affected producer interests for their losses. Or they might, if producer interests were 
entirely ignored, be large enough to offset the damages to household consumers. They 
cannot do both at once.  
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Unfortunately, currently either energy sector interests alone or populist resistance alone is 
probably strong enough to block emission control legislation. This reality is unlikely to 
change unless the public’s demand for action on climate strengthens. Currently, that 
demand for action is muted (Saad pp.1-3; Simmons pp. 4, 5).  
 
Allowance allocation can do much to improve the economic and political characteristics 
of emission control plans. This should be a major focus of those seeking to improve the 
characteristics of emission control plans. But emission allowance allocation cannot 
eliminate the need for a public willingness to accept the economic sacrifice entailed by 
any effective emission control plan. Nor can it, itself, create a willingness to sacrifice 
where it is lacking.  
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1. Introduction 
In July 2003, the Member states of the European Union (EU) adopted an agreement 
establishing a region-wide greenhouse gas emissions trading scheme to facilitate compliance 
with the Kyoto Protocol.  EU-wide emissions trading will begin January 1, 2005, 
establishing what will likely be the world’s largest and most active market in greenhouse gas 
emissions.  Trading has already begun with a limited number of market participants testing 
the waters by conducting forward trades.1 
 
The Europeans have adopted a phased approach, with the first phase of the scheme (2005-
2007) limited to certain large industrial sectors (e.g., pulp mills), and trading limited to 
emissions of carbon dioxide.  In time, the program will be expanded to incorporate 
additional sectors and gases, in addition to incorporating additional countries as the EU 
expands its borders.   
 
A similar model has been introduced in the United States Congress.  Senators Joseph 
Lieberman (D-CT) and John McCain (R-AZ) have introduced legislation calling for an 
economy-wide cap-and-trade system to control emissions of greenhouse gases.2  In the 
absence of federal action, the states of the Northeast are poised to consider adoption of a 
regional greenhouse gas program, and again a cap-and-trade system is likely to be one of the 
strategies considered.3    
 
In designing and implementing an emissions trading system, policymakers and companies 
should benefit from the lessons and insights of the European experience.  Companies will 
learn from the compliance strategies and contracting arrangements adopted by European 
industry; and policymakers should gain valuable insights from the rules and requirements of 
the European market, and from other program design features. 
 
One of the key features of a cap-and-trade program is the methodology used for determining 
individual facility allowance allocations, and again the European experience should offer 
valuable insights for policymakers and companies in the U.S.  The discussion that follows 
explores the European experience as it relates to the allocation of greenhouse gas allowances 
and draws lessons to inform U.S. policymakers and industry.  Before discussing the 
European experience, we provide background on the alternative options for distributing 
allowances and potential consequences for the overall costs of compliance. 
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2. Background 
In designing a cap-and-trade program, policymakers must decide on three basic elements: 1) 
the level of the cap or total allowable emissions, 2) the universe of affected sources (e.g., all 
power plants with a capacity greater than 25 megawatts), and 3) the methodology for 
distributing the allowances or emission permits.  It is this last element, the allocation 
methodology, that is the focus of our discussion. 

Methodologies for Distributing Allowances 
There are two basic options for distributing allowances under a cap-and-trade program: an 
auction or a free allocation.  Each is discussed in turn. 

Auction 
The auction approach requires that companies bid for a share of allowances with auction 
revenues collected (and redistributed) by the government.  Subsequent to the auction, 
companies are entitled to trade allowances and/or reduce emissions to ensure compliance 
with the cap.  Auctions would take place at periodic intervals, allowing companies to adjust 
their compliance strategies. 
 
The economic literature generally favors the auction approach because of the potential for an 
economically efficient outcome.4  (More on this subject below.)  Despite the potential 
efficiency benefits, the auction approach is often characterized as politically unviable.  
Companies are faced with the prospect of making significant capital investments to reduce 
their emissions to the level of the cap, in addition to having to pay for allowances. 

Free Allocation 
With a free allocation, affected sources receive a share of allowances without charge.  The 
key issues in designing a free allocation are 1) the basis to use in determining individual 
facility allocations, and 2) whether to update the distribution of allowances.   
 
When allocating to power plants, several metrics are available for apportioning the cap: the 
amount of fuel consumed (measured in British thermal units or Btus), the amount of 
electricity produced, or the quantity of pollution released to the atmosphere.  For example, 
assuming an allocation based on fuel consumption, a facility would receive 10 percent of 
allowances if it accounted for 10 percent of the Btus of fuel consumed by all regulated 
sources.  Common metrics are generally not available when distributing allowances across 
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industry sectors.  The options in that situation are to use historical emissions, which provides 
a common currency for all sectors, or to first distribute the cap between the different sectors 
and then apportion the subtotal among the individual sources.  
 
An updating system would recalculate the allocation ratios on a regular basis (e.g., every 
three years).  A static approach would calculate a facility’s allocation once, and from that 
point forward the facility would receive the same share of allowances. 
 

Alternative Allocation Methodologies 

 

Hybrids, Adjustment Factors, and Other Options 
From these two basic approaches flow a multitude of options for designing or customizing 
an allocation system: 
 
Hybrid Systems – A hybrid approach might combine an auction with a free allocation.  For 
example, a limited share of the allowances might be available at auction in order to reveal a 
market price (e.g., to set penalties), with the remaining allowances distributed at no cost. 
 
Price Caps – Policymakers have proposed a cap on the maximum price of allowances 
(sometimes called a “safety valve”) when utilizing an auction approach.  For example, the 
Clear Skies Act proposes a cap on the price of allowances by allowing companies to 
purchase from a limited pool of allowances (i.e., future auction allowances) at a fixed price.5 
 
Transitional Programs – Options are available for transitioning from one form of 
allocations to another (e.g., from an input-based system to an output-based system). 
 
Special Adjustments – In some cases, adjustment factors have been proposed for a free 
allocation.  For example, the Clear Skies Act allocates the majority of mercury allowances 
on the basis of heat input, but then readjusts the individual facility allocations based on the 
type of coal combusted. 6 
 
Set Asides – Allowances can be set aside to meet specific policy objectives.  For example, 
allowances might be set aside for new sources or specific types of sources (e.g., renewable 
energy projects). 
 

Auction 

Free Allocation 

Updating 

Allocation baseline (e.g., heat 
input, generation output, historic 
emissions) 

 

Static 

Allocation baseline (e.g., heat input, 
generation output, historic emissions) 
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Why Allocations Matter 
The methodology employed for distributing allowances has always been a subject of 
controversy when establishing a cap-and-trade program.  However, the stakes are especially 
high in Europe given the far reaching nature of the program under development.  A number 
of parties will have a stake in the outcome: 
 

• Government can use the allocation process to influence policy outcomes, for 
example, by stimulating investment in clean sources of energy.  European companies 
are reporting that they will refrain from investing in new energy projects until the 
allocation methodologies have been established, suggesting the influence that 
decision makers hold.7  Market observers are expecting a flurry of activity once the 
allocations are known. 

 
• Some Companies participating in the program will gain competitive advantage as a 

result of the allocation methodology, while others lose competitive advantage.  ICF 
Consulting has attempted to model the impact of alternative allocation schemes on 
the value of European power plants, and concludes that the alternatives can have a 
dramatic influence on asset values, with some plants increasing 87 percent in value 
while others are forced to retire.8  E.ON, Scottish & Southern, Electrabel, and 
Iberdrola are cited by analysts as the most likely “winners” under the ETS.9 

 
• Households and businesses that do not participate directly in the scheme also have a 

stake in the decision given the potential impact on energy prices and other products 
in the economy. 

The Economics of Alternative Allocation Methods 
There is a wealth of literature on the merits of cap-and-trade based regulation, which is often 
contrasted with the relative inefficiency of command-and-control programs.  In short, 
emissions trading directs capital investment to the least-cost control opportunities, 
minimizing the overall costs of compliance.  More recently, economists have begun to 
evaluate the relative efficiency of the alternative approaches for distributing allowances.  
Much of this work has focused on the electric generating sector.   
 
To evaluate a policy, economists consider the incentives that result from government 
regulation.  How will the policy influence behavior in the market, assuming that the market 
is seeking to maximize profits?  Once there is a theory of how market participants will 
respond to the policy, the costs of the scenario can be ascertained.  The best option is 
presumed to be the one that results in the lowest cost to society.  The distribution of costs 
(e.g., between households and industry) is a separate matter, which can also be evaluated. 
 
Using computer models that simulate the operations of the U.S. electric generating sector, 
economists have calculated the costs of imposing a cap-and-trade program on the sector with 
different allocation methodologies.10  This theoretical exercise suggests that auctioning is 
the most economically efficient approach for distributing allowances.  A fixed allocation and 
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an updating allocation based on output both rank a distant second in terms of their 
efficiency.  To arrive at these results, the scenarios are presumed to play out as follows: 
 
An updating, output-based allocation is assumed to produce a subsidy effect, undermining 
the efficiency of the program.  With an updating approach, allocations are re-calculated on a 
regular basis based on a facilities’ share of generation output.  This affords companies the 
opportunity to earn a greater share of allowances by increasing their output.  In order to 
accomplish this, a company has an incentive to reduce its prices, capturing a larger share of 
the market.  Reducing its prices in the short-term will cost the company revenue.  However, 
the operating assumption is that the value of the additional allowances earned will more than 
compensate for this loss.   
 
Ironically, it is this incentive to reduce electricity prices that precipitates the higher overall 
costs of an output-based allocation.  Reducing the price of electricity stimulates higher 
demand and reduces the incentive to invest in energy efficiency on the demand side.  With 
more demand for electricity, existing power plants must increase their output and new power 
plants have to be built.  All of this activity drives up the cost of policy.  At the same time 
that new capacity is brought on-line, the industry must contend with the cap on emissions.  
This requires investment in low-
carbon generating technologies (e.g., 
natural-gas combined cycle power 
plants).  So while electricity prices 
will tend to decrease, the price of 
natural gas will tend to increase 
relative to its price under the other 
forms of allocation.   
 
An auction is assumed to precipitate a 
somewhat different sequence of 
investment and demand response.  Of 
the three options, the auction will 
stimulate the highest increase in 
electricity prices because companies 
are required to purchase their 
allowances.11  This triggers adoption 
of a wide range of measures for 
reducing greenhouse gas emissions.  
These include energy conservation, 
energy efficiency measures, and 
reliance on low carbon fuels.  Unlike 
the updating, output-based allocation, where investment is focused on low-carbon power 
generation, the auction stimulates a broader range of investments in order to meet the cap on 
emissions.  Tapping into this diversity is what drives the economic efficiency of the auction.  
In summary, with higher electricity prices, electricity demand is reduced, fewer power plants 
are required to satisfy demand, power plants consume less natural gas (which moderates gas 

Is the output subsidy real? 
The subsidy effect that is presumed to result 
from an updating, output-based allocation 
has been a topic of some dispute.  Some 
question whether companies would actually 
behave as suggested by the theory.  It may 
not be realistic to expect that a company will 
forfeit revenues in the near term in the hope 
of earning a larger future share of 
allowances.  The big uncertainty is whether 
the company will actually be successful in 
obtaining a larger share of allowances. 
Increasing output is not enough to secure a 
larger share of allowances.  Rather, the 
company must increase its output relative to 
all other regulated facilities (including those 
that operate in different wholesale power 
markets).  A company could reduce its 
pricing and increase its output with little or 
no gain from its actions.    
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prices), conservation and efficiency measures are adopted to reduce the costs of consuming 
electricity, and the overall costs of the program are reduced.   
 
Unlike the free allocation, the auction produces a stream of revenue that would presumably 
be managed by the government.  The amount of revenue collected depends on the level of 
the cap and the exact rules of the auction.  The way this money is used has important 
implications for the economic efficiency of the approach.  In general, the least efficient 
option is to simply redistribute the funds to households.  However, Burtraw et al. emphasize 
that, even opting for this approach, the auction is significantly more efficient than either of 
the options for a free allocation.12  The alternative, which some would characterize as the 
preferred option, would be to use the funds to reduce distortionary taxes such as the income 
tax.  The need to resolve this issue is unique to the auction approach. 
 
A static allocation (e.g., based on fuel consumption) is similar to the updating approach in 
terms of its economic costs, but it lacks the output subsidy described above.  Plant operators 
in competitive markets will reflect the price of allowances in their operating costs (even 
though they received the allowances for free) and electricity prices will increase.13  
However, prices will not increase to extent that they would under an auction; and absent the 
output subsidy, they will increase more than they would under an updating, output-based 
allocation.  As described above, the overall costs of the policy will then flow from this price 
signal.   

 
Methodology Strengths Concerns 

Static 
allocation 

Straight-forward approach that 
generally favors the sources 
that have historically produced 
the largest share of emissions 
(i.e., the companies with the 
largest compliance obligations) 

Encourages the continued 
operation of older, lower 
efficiency sources because of 
the subsidy provided by the 
allocation and the barrier to 
new sources if they are forced 
to purchase allowances from 
the market  

Distribution 
of allowances 
at no cost 

Updating 
allocation 

Offers the potential to 
encourage cleaner forms of 
electric power generation by 
rewarding efficiency 

The moderating effect that an 
updating, output-based 
allocation might have on 
electricity prices would be 
favored by consumers, but may 
be a cause of concern for an 
industry faced with higher costs 
of compliance 

Auction Price signal drives 
economically efficient outcome, 
motivating cost-effective 
reductions throughout the 
economy 

While the auction may reduce 
the costs of compliance, there 
is uncertainty regarding the 
broader economic implications 
of the policy.  Also, the 
government would be left to 
manage a potentially large pool 
of revenues.  
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Conclusion 
Much of our discussion has focused on the economic costs of the alternative approaches for 
distributing allowances, and the suggestion was that the method used for distributing 
allowances can influence the overall costs of the policy.  This is an important conclusion; 
however, these cost differences have to be understood in a broader context.  The level of the 
cap, the compliance schedule, and the decision to allow inter-facility trading are likely to 
have a far greater influence on the overall costs of the program than the choice of the 
allocation methodology.  Allocation methodology would be a less significant determinant of 
the overall costs of the policy. 
 
In addition, the efficiency gains of the alternative allocation methods are likely to be 
strongly influenced by the level of the cap.  If the policy is seeking deep cuts in emissions, 
requiring numerous control strategies to be implemented throughout the economy, an 
auction is likely to be the most efficient option because of its strong price signal.  The price 
signal will do a good job of motivating the implementation of cost-effective control 
strategies, including conservation measures.  With a looser cap and fewer compliance 
strategies required to comply with the cap, the relative advantage of an auction will 
diminish. 
 
Finally, while we have focused our discussion on the economic efficiency of the alternative 
options, this is by no means the only factor that will influence decision making.  Additional 
factors would also be relevant in evaluating the alternatives.  For example, what are the 
incentives for and barriers to technological innovation that result from the policy?  What are 
the costs of administering the policy?  Is the approach scalable, allowing additional industry 
sectors to be integrated into the program?  What are the distributional effects of the policy 
(i.e., who wins and who loses)?  These and other factors will influence the political 
dynamics that ultimately lead to a decision on the best approach for distributing allowances. 
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3. The European Model 
The Member states of the EU, as signatories to the Kyoto Protocol, have committed to 
collectively reducing greenhouse gas emissions by at least eight percent from 1990 levels 
between 2008 and 2012.14  This obligation has been divided among the individual Member 
states based on a “burden-sharing” agreement.  The individual reduction obligations are 
summarized in Figure 1.  For eight of the Member states, their burden-sharing commitments 
imply a reduction in emissions from base year levels (i.e., 1990); five countries are allowed 
increased emissions, again relative to base year levels; and two countries have adopted 
stabilization targets.   
 
According to current 
projections, and assuming 
implementation of existing 
policies only, the EU will 
achieve a 4.7 percent reduction, 
falling short of its eight percent 
reduction goal.15  However, 
additional policies under 
consideration are projected to 
close this gap.  
 
To facilitate compliance with its 
Kyoto obligation, the EU will be 
implementing a regional cap-
and-trade program, known as the 
Emissions Trading Scheme or 
ETS.  EU-wide emissions trading will begin January 1, 2005.  The first phase of the scheme 
(2005-2007) will be limited to certain large industrial sectors (e.g., pulp mills), and will limit 
trading to emissions of carbon dioxide (CO2).  Together these sectors are estimated to 
account for roughly 46 percent of the EU’s CO2 emissions, and represent an excess of 
14,000 installations within the existing Member states.16  In time, the program will be 
expanded to incorporate additional sectors and gases.   
 
Installations that reduce their emissions beyond their allowance holdings can trade surplus 
allowances or bank them for future use.  A source’s actual emissions will be compared 
against its allowance holdings on an annual basis (by April 30 of each year).  Companies 

Figure 1. EU Burden Sharing Agreements 



Alternative Approaches for Distributing Greenhouse Gas Allowances 3-2 
Lessons from the European Experience 

that fail to comply will be subject to a financial penalty.  In the first phase of the scheme, the 
penalty will be €40 for each tonne of CO2 equivalent for which the operator has not 
surrendered an allowance.  The penalty will rise to €100 per tonne in the second phase. 
 
The European Commission is also developing a directive that would link the ETS with the 
credit mechanisms of the Kyoto Protocol: “Joint Implementation” (JI), covering emissions 
reduction projects in industrialized countries, and the “Clean Development Mechanism” 
(CDM), for developing country projects.  This would allow companies in Europe to reduce 
greenhouse gas emissions in countries outside the region and apply these reductions to their 
domestic compliance obligation.  This should increase the supply of cost-effective emission 
reductions. 
 
Key Features of the EU Emissions Trading Scheme 
Mechanism Cap-and-trade 

Scope All EU Member states (25 countries) 

Timing 
Phase 1 – 2005-2007 

Phase 2 – 2008-2012 (with subsequent five year phases) 

Pollutants In Phase 1, trading will be limited to CO2.  Beginning in Phase 2, additional 
greenhouses gases may be included. 

Sectors 

Initially, the scheme will be limited to five industry sectors: power 
generation, oil refineries, iron and steel, pulp and paper, and building 
materials.  Member states can apply to the European Commission for 
installations to be temporarily excluded until December 2007.   

In 2006, additional sectors will be considered for inclusion beginning in 
Phase 2. 

Allocations 

Allocations are to be determined by the individual Member states.  
However, they are limited in terms of their options.  In Phase 1, Member 
states must distribute at least 95 percent of allowances free of charge.  
Five percent can be auctioned in the first phase of the program.  Beginning 
January 1, 2008, Member states are required to distribute at least 90 
percent of allowances free of charge. 

Allocation Plans 
The Directive establishing the ETS is non-specific in terms of the allocation methodology 
that Member states are to use in distributing allowances.  However, it does specify that 
Member states distribute at least 95 percent of allowances free of charge.  Five percent can 
be auctioned in the first phase of the program.  Beginning January 1, 2008 this requirement 
is softened somewhat, requiring that 90 percent of allowances be allocated free of charge.  
(Earlier drafts of the Directive would have allowed a higher proportion of allowances to be 
auctioned.)  Therefore, the ETS provides the possibility—but not the obligation—to auction 
allowances.  As a result, the primary decision facing Member states is the choice between a 
static and an updating approach, and the various metrics for determining the individual 
facility allocations. 
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Apart from the decision of how to allocate the allowances, the Member states are also left to 
decide how many allowances to distribute.  Recall that the industry sectors included in the 
program represent only a portion of total emissions, while the targets embodied in the 
burden-sharing agreement are based on total national greenhouse gas emissions.  One of the 
options for determining how many allowances to issue to covered sources is to calculate 
their historical share of emissions in some base year.17  The more allowances that are 
injected into the market, the lesser the pressure on covered sources to actually reduce their 
emissions and the greater the need to eventually achieve reductions from non-covered 
sources.  It will be a balancing act to establish the right “glide path” for the regulated sectors 
to begin reducing their emissions.  The European Commission will be on the lookout for any 
attempts to unfairly advantage domestic industries by attempts to justify the distribution of 
too generous a share of allowances.  The Directive anticipates this problem, warning that 
“allocations to individual operators or sectors must not constitute incompatible state aid (i.e. 
aid which would distort or threaten to distort competition to an extent contrary to the 
common interest)”.  What constitutes “state aid” could certainly be a matter of dispute. 
 
The allocation methodology and the number of allowances to be distributed are to be 
embodied in what are referred to as National Allocation Plans or NAPs.  NAPs must be 
submitted to the European Commission by March 31, 2004.  Within three months, the 
Commission must either accept or reject a plan and ask for further changes.  None of the 
Member states has completed their allocation plans, but many expect to have them published 
by year end.18   
 
In developing their allocation plans, the Member states are required to conduct a public 
consultation process.  For example, the U.K. has initiated a two-stage consultation process 
on the NAP.19  The first stage runs through September 2003 and will take comment on 
possible allocation methodologies.  Later in the year (November-December 2003) there will 
be a public consultation on the draft NAP, giving companies covered by the EU ETS a 
chance to comment on their draft allocations.  The Department for Environment, Food and 
Rural Affairs (DEFRA), the agency responsible for developing the U.K. allocation plan, 
expects to make a final decision on allocations by September 30, 2004. 

Industry Response 
With so much at stake, European business interests have been active in shaping the EU 
Emissions Trading Directive as well as the individual Member states’ National Allocation 
Plans.  Two common themes emerge: 1) provide a reasonable number of allowances, and 2) 
distribute the allowances for free.  Both of these requests are aimed at avoiding undue strain 
on competitiveness and economic growth.  
 
The main actor in the consultations currently ongoing regarding the development of the 
U.K.’s National Allocation Plan is the U.K. Emissions Trading Group (ETG).  The ETG 
currently comprises over 200 companies - both emitters and service providers - trade bodies, 
and representatives of three U.K. government departments.  The ETG, which pioneered the 
U.K. Emission Trading Scheme, has set up a working group on the implementation of the 
EU Directive in the U.K.  The ETG does not support an auction approach for the U.K. 
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National Allocation Plan, instead supporting a free allocation.  The ETG characterizes the 
major disadvantages of auctioning as follows: 
 

• auctioning allowances acts as a carbon tax; 
• auctioning causes step changes in market values; 
• auctioning removes revenues that companies need to invest in carbon reduction 

projects; and 
• recycling the revenues collected from the auction can cause significant market 

distortions.20 
 
UNICE, the European employers confederation, has echoed these views, seeking maximum 
flexibility in establishing the emissions trading scheme.  This would include eliminating 
ceilings on the number of allowances Member states are allowed to distribute to industry, 
inclusion of all greenhouse gases, credit for the project-based mechanisms of the Kyoto 
Protocol, no auctioning of allowances, and credit for early action.21 
 
Degussa, Germany’s third-largest chemical company, has urged the EU governments not to 
place hurdles in the way of economic growth.  Degussa is especially concerned with the 
impact of allocation plans on electricity prices.  As a result, Degussa does not support 
auctioning, instead favoring free allocations to avoid “additional financial strain on plant 
operators…. [H]igher electricity prices are a significant barrier to investment”.22 
 
Apart from these general views, stakeholders have also been raising more specific concerns 
with the allocation process.  Advocates of combined heat and power (CHP) have raised 
concerns that the allocation process could penalize industrial facilities that invest in CHP 
technology.23  An industrial facility that converts its operations from on-site heat production 
to both on-site heat and electricity production will likely consume more fuel and as a result 
increase its on-site CO2 emissions.  (CO2 emissions would be reduced off-site at the power 
plant where the facility had previously purchased its electricity.)  If allowances are allocated 
based on the installation’s previous emissions levels, prior to the conversion, then it would 
be forced to make up the difference by purchasing allowances from the market.  Industry 
stakeholders are suggesting that this “penalty” to CHP could actually prevent investment in 
what is considered a “climate friendly” technology. 
 
In Sweden, power producers have raised concerns regarding the baseline year that the 
government has proposed for the allocation.24  The Swedish government had proposed using 
historical emissions in the period 1998 to 2001.  This period has been characterized as 
misleading because these were “wet years” with plentiful rainfall.  This resulted in greater 
reliance on hydroelectric power, reducing the levels of CO2 emissions relative to historic 
trends.  Industry representatives are seeking a much longer historical period for determining 
their allocations: 1990 to 2002.  This is just one example of the concerns that arise when 
attempting to decide on an allocation methodology.  It would be unusual to identify an 
allocation baseline that meets the needs of all industry participants. 
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Conclusion 
In developing the emissions trading Directive, the European Commission has set the ground 
rules for the program with a focus on fairness and the need to avoid economic and 
competitive distortions in the market.  The individual Member states are now left to grapple 
with the details of the allocations.  Despite their best efforts, however, economic distortions 
are likely to be unavoidable because of the disparities in the commitments that the individual 
nations have made to reduce emissions, the relative progress that individual Member states 
have made toward achieving these goals, and the differences in their economies (e.g., 
Germany is more reliant on coal-fired power plants than is France, where nuclear power 
plants dominate the mix). 
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4. Lessons and Insights 
The options available to European policymakers for distributing greenhouse gas 
allowances are no different from those available to U.S. policy makers.  As a result, there 
are lessons to be learned from the European experience.  The following are some initial 
observations.  Further insights should become apparent as more progress is made in 
establishing the European trading system. 
 
The European community has apparently decided that the path of least resistance in 
establishing a region-wide emission trading program is simply to eliminate the option of 
adopting an auction approach.  Phase 1 of the program requires that Member states 
distribute at least 95 percent of allowances free of charge. 
 
Political considerations can make it difficult for governments to adopt an auction 
approach, particularly when the cap-and-trade system extends across national borders and 
concerns about economic competitiveness are at the forefront of the debate.  In the 
section entitled “The Economics of Alternative Allocation Methods”, we discuss the 
potential impact of an auction on electricity prices.  An auction is predicted to generate 
the highest increase in prices.  Convincing the electorate why this is a preferred outcome 
is likely to be a challenging task, despite the fact that economic theory supports the 
approach.   
 
Additionally, the stakeholders that are likely to be most engaged in the political 
process—the industry sectors both directly and indirectly affected by the policy and the 
environmental community—may strongly oppose the auction approach or, at best, 
weakly support it.  Segments of the regulated sector could be faced with the prospect of 
having to expend significant capital to purchase allowances each year.  For the power 
sector, these expenses would in theory be compensated by higher electricity prices; 
however, state regulators may intervene in the market and prevent prices from increasing.   
 
Sectors of the economy that consume large amounts of electricity will be highly sensitive 
to potential increases in electricity prices and will likely express their concern.  And 
finally, the environmental community may simply be focused on the most politically 
expeditious approach to adopting a mandatory climate policy, with less emphasis on 
achieving the most economically efficient outcome. 
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Existing voluntary agreements add additional complexity for EU Member states in 
developing their National Allocation Plans. 
 
EU Member states that developed voluntary agreements with industry sectors (i.e., 
Germany, the Netherlands and the U.K.) have to reconcile those agreements with the 
development of their National Allocation Plans.  While industry is lobbying to retain the 
same emission reduction trajectories as their voluntary agreements, Member states are 
struggling with how to apportion allowances between economic sectors and among 
facilities.  Member states are also grappling with the best approach to avoid penalizing 
industry participants that have taken early action, improving their efficiency and reducing 
emissions prior to the start of the program. 
 
A tremendous amount of research, analysis, and modeling have been devoted to 
understanding the likely outcome of regulating greenhouse gas emissions.  To date, this 
analysis is largely theoretical.  The European emissions trading scheme will put this 
theory to the test, and the results could set the tone for the on-going climate policy debate 
in the U.S. 
 
The most valuable lessons and insights to be gleaned from the European experience will 
emerge in time as the market reveals the costs of compliance and analysts begin to assess 
the effects on economic performance.  UBS Warburg is suggesting that wholesale power 
prices in Europe could rise 63 percent following the start of emissions trading.25  Others 
are projecting a more modest influence.  Regardless of the final outcome, U.S. 
policymakers will want to look very carefully at the decisions that were made in 
establishing the European carbon market.  Understanding the reasons for the successes 
and the failures of the program, whether it be the allocation methodology or other factors, 
could have an important influence on U.S. policy. 
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NCEP Background Paper –  
Allocating Greenhouse Gas Permits 
 

The Commission’s current proposal for a greenhouse gas tradable-permits program calls 
for 5 percent of the permits to be auctioned during the first three years of the program, after 
which the number of permits auctioned increases one-half of 1 percent per year over the next 
decade.  The remainder of the permits would be given away at no cost to emitting entities.  While 
the Commission does not intend to make recommendations regarding how these remaining 
permits should be distributed, the report includes a brief discussion of allocation issues for 
policymakers.  This memo reviews the economic effects of allocations, outlines the major issues 
to be considered in determining allocations, and describes how permits have been allocated 
under other emission trading programs. 
 
 
Overview 
 

The creation of a greenhouse gas emissions trading program would take away the 
unfettered, costless right for anyone to emit covered greenhouse gases as they wish and create 
new, marketable assets —  permits to emit one ton of greenhouse gas — that emitters must 
obtain in order to continue their activities.  While policymakers could decide either to auction 
permits or give them away freely, the critical issue involved in allocation is determining how this 
new assets is to be distributed, whether in the form of auction revenues or free permits.  To the 
extent that the total value of greenhouse gas permits is substantial, the allocation of permits or 
auction revenues will have important distributional impacts. If greenhouse gas emissions were 
priced at $20 per ton, the total value of all permits in 2002 would have been over $37 billion.1 By 
comparison, the total value of allowances in the federal acid rain trading program for sulfur 
dioxide emissions is $2 to $3 billion annually.   
 

Three primary questions must be addressed when allocating permits: 
 
1) How will permits be distributed  auction or free allocation (“grandfathered”)? 

2) Who receives permits  emitters only, or other entities as well? 

3) What happens to the allocation over time  does it remain static or change? 
 

Of course, for each of these issues there are a host of additional decisions to be made that 
will have further cost and distributional implications of their own: how to use revenues, for 
example, in the case of an auction or how to determine individual allocations once the universe 
of recipients is determined in the case of a grandfathered approach. The remainder of this paper 
first provides a brief description of the economic effects of allocations and then summarizes the 
impacts and trade-offs for each of the questions posed above. 
 
 
                                                 
1 Total greenhouse gas emissions in 2002 were 1,871 million metric tons of carbon equivalent (MMTCE). Energy 
Information Administration. Emissions of Greenhouse Gases in the United States 2002. DOE/EIA-0573(2002). 
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Economic Effects of Allocations 
 

Allowance allocation concerns more than distribution.  If the government sells 
allowances, rather than giving them away, it will raise revenues that can be used to reduce or 
avoid increasing other taxes.  This opportunity for “mini-tax reform” can reduce the overall 
burden of taxation and lower the economic costs associated with a climate change policy.  
However, such an effort involves a transfer of tax burden to energy users (through the allowance 
auction) that, coupled with a reduction in tax burden somewhere else, may or may not be 
acceptable on distributional grounds.  Importantly, however, the use of auction revenues to 
reduce other taxes cannot reduce to zero the overall economic cost of imposing limits on 
greenhouse gas emissions.  
 

Giving away allowances — to emitters or others burdened by the policy — can be a way 
to adjust the distributional consequences of a climate policy.  However, giving permits away 
freely will not change permit prices, nor should it change the impact of the policy on fossil fuel 
prices. In a competitive market, effective energy prices — including the cost of any allowances 
required to burn fossil fuels — will rise based on the market price of permits and the carbon 
content of the fuel, regardless of whether or not firms are required to initially purchase permits. 
This is because firms should recognize the value or “opportunity cost” of permits, and pass as 
much of the permit price as possible through to output prices. The resulting price signal should 
be the same regardless of whether a firm’s output is electricity or steel, regardless of how the 
firm obtained permits, and even as it seeks to reduce fossil fuel inputs. All of this is desirable: the 
efficacy of market-based policies hinges on their ability to change prices and influence behavior.  
Therefore, providing allowances to various firms should be viewed as a way to compensate those 
bearing the burden of the policy, not as a way to avoid raising energy prices. 
 

It should be noted, however, that an exception to this general rule may apply in the 
electric sector in cases where retail prices are set through cost-of-service regulation. In these 
instances, the free allocation of permits to utilities could reduce the impact of the tradable-
permits program on electricity prices.  Many state public utility commissions would likely not 
allow utilities to pass through the full “opportunity cost” of permits if they receive them for free 
(studies suggest that utilities were only allowed to price about 10% of the opportunity cost 
associated with grandfathered permits under the acid rain program).  In states where retail 
competition is allowed, many customers still purchase their electricity from the distribution 
utility at “default service” rates set by state regulators.  On the other hand, many distribution 
utilities increasingly purchase electricity through competitive wholesale markets, where prices 
are set by market forces and would likely increase even if permits are given away. Thus, it is 
unclear how permit allocation will affect electricity prices in different regions. 
 
 
How will permits be distributed  auction or free (“grandfathered”) allocation? 
 

Permits can be allocated through a variety of means. In the federal Acid Rain program, 
sulfur dioxide (SO2) allowances were grandfathered and allotted at no charge to emitters on the 
basis of historic heat input rates.  A small pool of allowances, 2.8 percent of the total, was set 
aside to be auctioned annually by the U.S. Environmental Protection Agency (EPA).  In large 
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part, this pool was created to ensure that new market entrants would be able to obtain allowances 
and to aid in price discovery.  SO2 allowance markets have, however, proven to be fairly liquid 
and new entrants have generally not had difficulty obtaining allowances.2  In addition, a small 
portion of allowances were also set aside to reward energy efficiency and renewable energy 
programs that reduced SO2 emissions. 
 

Although this same allocation mechanism could be used for a greenhouse gas tradable-
permits program, a potential drawback is that many firms have already, over the last decade or 
so, taken action to reduce greenhouse gas emissions through government-sponsored voluntary 
programs.  If firms are given permits based on historic emission levels, early actors would 
receive fewer permits and thus be penalized by a historic allocation mechanism. A number of 
alternatives have been proposed that would avoid this problem while still giving permits directly 
to emitters, such as allocating permits based on a plant’s actual output (e.g., kilowatt-hours, tons 
of steel, etc.).   
 

Rather than giving permits away, the government could choose to auction them.  Bidders 
would pay the auction clearing price for permits and permits could then be freely traded in 
secondary markets.  An auction ensures that permits are available for trade and would serve to 
inform traders about current price levels.  All participants would have equal access to permits, 
placing new entrants on the same footing as existing emitters.  An auction would also generate 
significant revenues for the government.  These revenues could be used in a number of ways: 
offsetting other taxes; reducing the deficit; funding R&D programs; or compensating industries, 
workers, or consumers who bear a disproportionate share of the costs of control. 
 

To date, U.S. emission trading programs have set aside only a small portion of permits 
for auction.  As noted previously, 2.8 percent of federal Acid Rain program SO2 allowances are 
auctioned annually.  The Climate Stewardship Act, proposed by Senators McCain and 
Lieberman, creates a nonprofit corporation whose purpose is to sell permits and refund the 
proceeds to consumers, although the bill does not specify the amount to be auctioned.  In the 
Clear Skies legislation originally introduced by the Bush Administration, 100 percent of the 
permits are grandfathered for the first five years of program, after which the number of permits 
auctioned increases 1 percent annually for the next 20 years, and 2.5 percent thereafter.  Thus the 
program gradually transitions from 100 percent grandfathering to 100 percent auction over 50 
years. 
 

Currently, European Union (EU) member states are developing National Allocation Plans 
(NAPs) for an EU-wide greenhouse gas trading program.  The European Commission has 
outlined acceptable allocation methodologies. The guidelines require at least 95% of all permits 
to be allocated to industry in 2005–7, with a maximum of 5% of the total pool held back for 
public auction.  In response: 
 

                                                 
2 A portion of the auction allowances were reserved for direct sale to independent power producers to guarantee 
these new sources would be able to acquire allowances. The program was eliminated in 1997 because it was 
considered no longer necessary.   
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 The UK chose to hold back 7.7% of all permits for new entrants, of which any 
remaining permits could be auctioned to existing emitters up to the 5% overall EU 
limit.  

 Denmark plans an auction of 5%. 
 Ireland plans a small auction of 0.75% per year to raise revenues to administer the 

emissions trading program. 
 Germany, the Netherlands and other EU member states chose not to auction any part 

of their allocation.  
 
For 2008–12, each EU member must allocate at least 90% of permits, and consequently 

may auction up to 10% of its total allocation.  Germany has already indicated its intent to 
allocate 100% of its permits at no cost to emitters in this second period as well.  
 
 
Who receives permits   emitters only, or other entities as well? 
 

In creating a greenhouse gas tradable-permits system, policymakers must determine 
where in the fossil fuel production and consumption chain to impose permit requirements.  While 
the Acid Rain program and other emission trading systems have placed the point of regulation 
“downstream” on direct emitters, this need not be the case with carbon dioxide and other 
greenhouse gases.  Policymakers could choose to implement the program “upstream” at the point 
of production — with, for example,  refiners, coal processors, and major natural gas pipelines.  
In fact, economists have generally favored an upstream approach for greenhouse gases because 
of the relative ease of capturing virtually all carbon emissions in the economy through a 
relatively small number of regulated entities.   
 

The point of regulation is a concern in determining who will receive permits, though in 
theory these decisions are not linked.  In other words, the government could choose to impose 
permit requirements downstream on electric generators, yet allocate a portion of the permits to 
upstream coal-producing firms as a means of compensating these companies for slower growth.  
The government could also allocate permits to industrial firms, such as aluminum producers, 
that, while not direct emitters, are likely to face higher electricity costs as a result of the trading 
program. Although firms other than those who are required to hold permits could argue for a 
share of the free allocation on the basis that they will be burdened by higher energy prices, firms 
that face the direct requirement to hold permits are likely to be successful in arguing for a larger 
entitlement on that basis alone.  
 

Permits can also be distributed as an incentive to encourage energy efficiency and 
renewable energy (EE/RE) investments.  The Acid Rain trading program reserved a number of 
SO2 allowances for this purpose and several states involved in the NOx SIP Call trading system 
are setting aside NOx allowances to promote EE/RE as well.  The proposed Climate Stewardship 
Act (McCain/Lieberman) would establish a Climate Change Credit Corporation with authority to 
provide programs for transition assistance and to reduce economic impacts, which could take the 
form of rebates for purchases of efficient appliances or similar programs.  Renewable and 
nuclear advocates have also suggested allocating permits to new non-carbon electric generating 
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plants.  Some argue that this would be an efficient way to provide subsidies to non-carbon 
generators.      
 
 
What happens to the allocation over time  does it remain static or change? 
 

Most existing cap-and-trade programs have allocated free permits on the basis of past 
behavior (e.g. historic heat input rates at power plants), and these allocations have remained 
static over time.  Permits could, however, be awarded on an updating basis, with allocations 
changing annually or every three to five years using on a pre-determined formula.  Most 
proposals for an updating allocation system have recommended using an output-based allocation 
metric, such as megawatt-hours.   
 

The economic literature, however, is generally critical of updating allocation mechanisms 
because they create a so-called “subsidy effect.”  That is, they create an incentive for producers 
to increase their output above otherwise economic levels in an attempt to gain additional permits 
in future years.  As output increases, energy prices fall thereby reducing incentives to improve 
end-use efficiency.  As a result, the overall cost of emission reductions rises since too few 
reductions are taken on the demand side. 
 
 
Conclusion 
  

The following are key points regarding the allocation of greenhouse gas permits: 
 

 How emission permits are allocated and in particular how any resulting government 
revenues are used can have an important impact on the overall, macro-economic costs 
of a given control policy.  However, few would argue that allocation can reduce the 
overall cost of an emissions control program to zero or create net gains for the 
economy.  

 
 Economic theory argues that regardless of whether permits are given away or sold, 

firms will recognize the opportunity cost of using those permits and will pass as much 
of that cost as they can through to consumers. In other words, the price signal for 
avoiding emissions in competitive markets should be the same under any allocation 
approach. In the case of electricity markets — which remain partially regulated — 
utilities may not be able to pass all or any of the implied allowance costs through to 
consumers if the permits have been grandfathered, leading to a smaller electricity 
price increase than in the case of auctioned permits. 

 
 In general, U.S. cap-and-trade programs have allocated permits freely to emitters, 

with a small pool of permits set aside to be auctioned primarily as a means of 
ensuring new market entrants have access to permits.  Cap-and-trade proposals, such 
the Clear Skies Initiative and the EU’s National Allocation Plans, are increasingly 
turning to auctions as a means of distributing permits. 
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 Greenhouse gas permits can be allocated to direct emitters, to upstream fossil fuel 
producers, or to those firms that are disproportionately affected by the program.  
Although in the past allocations have been tied to the point of regulation, this need 
not be — and possibly should not be — the case with a greenhouse gas tradable-
permits program. 

 
 Allowance allocations can be updated over time, although most analysts have 

criticized these proposals for the distortionary effects they can have on firms’ 
behavior. 
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