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   Foreword 

 The enormous improvement in global living standards over the past 100 years 
could not have happened without the energy derived from the world’s vast depos-
its of fossil fuels. Yet, the intense use of energy derived from such sources has 
brought side effects that pose major social, political, and economic challenges. 
The imperative is now to find ways to diversify and reduce the use of energy while 
continuing to eliminate poverty and promote inclusive growth. Within its man-
date, the Fund is playing a part in this discussion. 

 Indeed, energy policies are not new territory for the Fund. We have been em-
phasizing the large fiscal benefits from removing harmful fuel subsidies for many 
years, primarily with an eye to saving money for the taxpayer. However, as the 
external effects of energy use have reached a macrocritical level—whether from 
environmental degradation, higher food prices, or the threat of climate change—
the Fund’s advice has also evolved. 

 Policymakers face a wide array of options for meeting energy challenges. Given 
the powerful incentive effect that prices have on economic behavior, the applica-
tion of basic tax principles is critical. “Getting prices right” means that taxes on 
fossil fuels should be set at a level such that energy prices reflect their associated 
environmental side effects. 

 This economic principle is widely accepted; however, putting it into practice 
is by itself an intellectual challenge. Here lies the unique contribution of this 
book. After attempting to quantify the environmental impact of energy use, the 
authors calibrate, on a country-by-country basis, a system of fuel taxes that bal-
ances environmental benefits against economic costs. Where data allow, and with 
proper caveats, the book estimates appropriate fuel taxes for over 150 countries, 
and provides a framework for refining these estimates further. 

 The results confirm that many countries—advanced, emerging, and 
developing—are only at base camp with regard to getting energy prices right. 
Importantly, the results also show local air pollution damages, congestion costs, 
and revenue potential (e.g., in lieu of other taxes) are mostly large enough to war-
rant higher fuel taxes, even leaving climate concerns aside. 

 The tools and insights provided here should help us rise to the challenge that 
the pursuit of more effective energy pricing poses—and to recognize too the op-
portunities for more sustained, robust, and responsible growth that it presents. 

 Christine Lagarde 
 Managing Director 

 International Monetary Fund 
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  1

  CHAPTER 1 

 Summary for Policymakers 

 Many energy prices in many countries are wrong. They are set at levels that do 
not reflect environmental damage, notably global warming, air pollution, and 
various side effects of motor vehicle use. In so doing, many countries raise too 
much revenue from direct taxes on work effort and capital accumulation and too 
little from taxes on energy use. 

 This book is about getting energy prices right. The principle that fiscal instru-
ments must be center stage in “correcting” the major environmental side effects 
of energy use is well established. This volume aims to help put this principle into 
practice by setting out a practicable methodology and associated tools for deter-
mining the right price. The book provides estimates, data permitting, for 156 cou n-
tries of the taxes on coal, natural gas, gasoline, and diesel needed to reflect envi-
ronmental costs. Underpinning the policy recommendations is the notion that 
taxation (or tax-like instruments) can influence behavior; in much the same way 
that taxes on cigarettes discourage their overuse, appropriate taxes can discourage 
overuse of environmentally harmful energy sources. 

 BACKGROUND 
 Energy use is a critical ingredient in industrial and commercial production, and 
in final consumption, but it can also result in excessive environmental and other 
side effects, with potentially sizable costs to the economy. For example, 

 • If left unchecked, atmospheric concentrations of carbon dioxide (CO 2 ) and 
other greenhouse gases (GHGs) are expected to raise global temperatures by 
about 3–4°C by the end of the century (IPCC, 2013). Temperature changes 
of this magnitude are large by historical standards and pose considerable 
risks. 

 • Outdoor air pollution, primarily from fossil fuel combustion, causes more 
than 3 million premature deaths a year worldwide, costing about 1 percent 
of GDP for the United States and almost 4 percent for China (National 
Research Council, 2009; World Bank and State Environment Protection 
Agency of China, 2007; World Health Organization, 2013). 

 • Motor vehicle use leads to crowded roads, accidental death, and injuries. 
Drivers in the London rush hour, for example, impose estimated costs on 
others that are equivalent to about US$10 per liter ($38 per gallon) of the 
fuel they use through their contribution to traffic congestion, and traffic 
accidents cause an estimated 1.2 million deaths worldwide (Parry and Small, 
2009; World Health Organization, 2013). 

©International Monetary Fund. Not for Redistribution



 2 Getting Energy Prices Right: From Principle to Practice

 The Need for Fiscal Policies 

 Given the seriousness of the problems associated with fuel use, addressing them 
with carefully designed policy instruments is critical. Ideally, these policies should 
do the following: 

 • Be  effective —exploit all opportunities for reducing environmental harm and 
mobilizing private investment in clean technologies 

 • Be  cost-effective —achieve environmental objectives at lowest cost to the 
economy 

 • Strike the right balance between the  benefits  and the  costs  of environmental 
improvement for the economy, thereby maximizing the net benefits. 

 All three features are important for balancing trade-offs between environmental 
protection and economic growth and enhancing prospects for sustaining and scal-
ing up efficient policy.  Fiscal instruments —environmental taxes or similar instru-
ments (primarily emissions trading systems with allowance auctions)—can fully 
meet these criteria (in conjunction with complementary measures, such as re-
search and development and investment in transportation infrastructure). 

 Fiscal instruments targeted directly at the sources of environmental harm pro-
mote the entire range of possibilities for reducing that harm. They can also pro-
duce a substantial revenue gain and, so long as this revenue is used productively—
for example, to reduce other taxes that distort economic activity—environmental 
protection is achieved at lowest overall cost to the economy. Finally, and not least, 
if these instruments are scaled to reflect environmental damage, they avoid either 
excessively burdening the economy or, conversely, forgoing socially worthwhile 
environmental improvements. 

 Getting Prices Right 

 “Getting prices right” is convenient shorthand for the idea of using fiscal instru-
ments to ensure that the prices that firms and consumers pay for fuel reflect the 
full costs to society of their use, which requires adjusting market prices by an 
appropriate set of “corrective” taxes. In practice, many countries, far from charg-
ing for environmental damage, actually subsidize the use of fossil fuels. For many 
others, energy taxes—if currently implemented at all—are often not well targeted 
at sources of environmental harm, nor set at levels that appropriately reflect envi-
ronmental damage. Clearly there is much scope for policy reform in this area, but 
there are also huge challenges, both practical and analytical. 

 From a practical perspective, higher energy prices burden households and 
firms and, even with well-intentioned compensation schemes, can be fiercely 
resisted. These challenges—not to understate them—are largely beyond the 
scope of this book; however, a complementary volume (Clements and others, 
2013) distills lessons to be drawn from case studies of energy price reforms. 
Moreover, getting energy prices right need not increase the overall tax burden; 
higher fuel taxes could partially replace broader taxes on income or consump-
tion (or environmentally blunt taxes on energy), broadening support for the 
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 Summary for Policymakers 3

policy. Where new revenue sources might be needed, corrective energy taxes are 
an especially attractive option because, unlike most other options, they improve 
economic efficiency by addressing a market failure. 

 The main focus here is on assessing the analytical challenges, that is, the pric-
ing that needs to be put into practice. For the vast majority of countries, there has 
been no attempt to measure the magnitude of environmental damage across fossil 
fuel products—yet these measures are critical for actionable guidance to be given 
on how countries can get energy prices right. 

 The corrective energy tax estimates presented in this book should be treated 
with a good deal of caution, given data gaps, and controversies—for example, 
about the valuation of climate damage and the link between air quality and mor-
tality risk. Nonetheless, the estimates provide a valuable starting point for dia-
logue about policy reform, scrutiny of the key uncertainties, and cross-country 
comparisons estimated on a consistent basis.  1   Moreover, the impact of alternative 
assumptions on corrective tax estimates can be derived from accompanying 
spreadsheets.  2   Although tax assessments may change significantly as evidence 
evolves and data improve, the basic findings—most notably, the strong case for 
substantially higher taxes on coal and motor fuels in many countries—are likely 
to remain robust. 

 Defining an Efficient Set of Energy Taxes 

 From the perspective of effectively reducing energy-related CO 2  emissions, local 
air pollution, and broader side effects from vehicle use, energy tax systems should 
comprise three basic components: 

 • A charge should be levied on fossil fuels in proportion to their CO 2  emis-
sions multiplied by the global damage from those emissions (alternatively, 
the charge could be levied directly on emissions), though there are reasons 
why some governments (e.g., in low-income, low-emitting countries) may 
not wish to impose such charges. 

 • Additional charges should be levied on fuels used in power generation, heat-
ing, and by other stationary sources in proportion to the local air pollution 
emissions from these fuels but with credits for demonstrated emissions 
capture during fuel combustion, given that net emissions released are what 
determine environmental damage (another possibility again is to charge 
emissions directly). 

 • Additional charges for local air pollution, congestion, accidents, and pave-
ment damage attributable to motor vehicles. Ideally, some of these charges 
would be levied according to distance driven (e.g., at peak period on busy 
roads for congestion), and doing so should become increasingly feasible as 

1The estimates take into account extensive feedback from leading specialists and from participants at 
an expert workshop held at the IMF in April 2013.
2See www.imf.org/environment.
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the technology needed for such programs matures. Until then, however, 
reflecting all of these costs in motor fuel taxes is appropriate and is the ap-
proach taken here. 

 In practice, there are complex political reasons why the bases and rates of energy 
taxes may diverge from the ideal, and why regulatory instruments are often the 
preferred approach. But a necessary first step for understanding the trade-offs 
involved between all the policy choices, and how political constraints might be 
met with minimal compromise to environmental, fiscal, or other objectives, is to 
provide some quantitative sense of the corrective energy tax system for different 
countries, which provides a benchmark against which alternative policies should 
be evaluated. 

 METHODOLOGY 
 The techniques used for assessing various types of environmental damage are 
straightforward conceptually, although they require extensive data compilation. 

 Climate Damage 

 The volume does not add to the contentious debate on climate damage but sim-
ply uses an illustrative damage value of $35 per metric ton of CO 2  (US Inter-
agency Working Group on the Social Cost of Carbon, 2013), combined with data 
on the carbon content of fuels, to derive carbon charges for all countries. (The 
implications of different damage assumptions, including zero damage for low-
income, low-emitting countries, are easily inferred.) 

 Air Pollution 

 The major problem from local air pollution is elevated mortality risks for exposed 
populations. For coal plant emissions, damage is assessed by first estimating how 
much pollution is inhaled by people in different countries based on combining 
data on power plant location with data indicating how many people live at dif-
ferent distance classifications from each plant (smokestack emissions can be 
transported over considerable distances). This pollution intake is then combined 
with baseline mortality rates for pollution-related illness and the latest evidence 
on the relationship between exposure and elevated risks, though substantial un-
certainties surround this relationship. Health effects must then be monetized, 
which is a contentious exercise, but is done for illustrative purposes using evi-
dence on how people in different countries value the trade-off between money 
and risk from numerous studies analyzed in OECD (2012). Finally, damage is 
expressed per unit of energy content or fuel use using country-level data on emis-
sion rates. The same approach is used to measure air pollution damage from 
natural gas plants. Damage from vehicle and other ground-level sources (which 
tend to remain locally concentrated) is extrapolated from a city-level database on 
pollution intake rates. 

©International Monetary Fund. Not for Redistribution



 Summary for Policymakers 5

 Congestion and Accidents 

 Traffic congestion costs imposed by one driver on other vehicle occupants are 
approximated by using a city-level database to estimate relationships between 
travel delays and various transportation indicators and extrapolating the results 
using country-level measures of those same indicators. Travel delays are mone-
tized using evidence about the relationship between wages and how people value 
travel time. Accident costs are estimated based on country-level fatality data and 
assumptions about which types of risks drivers themselves might take into ac-
count versus those they do not, and extrapolations of various other costs, such as 
those for medical expenses, property damage, and nonfatal injury. 

 MAIN FINDINGS 
 The main policy messages include the following: 

 •  Coal use is pervasively undercharged, not only for carbon emissions, 
but also for the health costs of local air pollution.  Illustrative charges for 
CO 2  amount to about $3.3/gigajoule (GJ) of energy from coal combustion, 
a substantial sum when set against average world coal prices of about $5/GJ 
in 2010, and what are at best minimal taxes on coal at present.  3   The cor-
rective taxes for local air pollution can also be substantial—they exceed the 
carbon charge for 10 of the 18 countries illustrated in panel 1 of   Fig-
ure 1.1  —though they vary considerably across countries with population 
exposure, emission rates, and the value of mortality risks. These corrective 
taxes for local air pollution are, however, based on current emission rates 
averaged across plants with and without control technologies. Appropriate 
crediting would provide strong incentives for all plants to adopt control 
technologies. 

 •  Air pollution damage from natural gas is modest relative to that from 
coal, but significant tax increases are still needed to reflect carbon emis-
sions.  Corrective charges for local air pollution from natural gas are about 
$1/GJ or less for most countries shown in panel 2 of   Figure 1.1  . The carbon 
component is also smaller: natural gas produces about 40 percent less CO 2  
per GJ than coal, though charges needed to cover carbon emissions, about 
$2/GJ (40 percent of average world gas prices), are well above current tax 
levels. 

 •  Higher taxes on motor fuels are warranted in many countries, though 
more to reflect the costs of traffic congestion and accidents than carbon 
emissions and local air pollution.  Corrective gasoline taxes are about 
$0.40/liter (about $1.50/gallon) or more in 17 of the 20 countries   illustrated 

3 All corrective tax estimates are for 2010 and, to facilitate cross-country comparisons, are expressed in 
2010 U.S. dollars. Purchasing-power-parity (PPP) exchange rates should be used to express these 
figures in local currency (see www.imf.org/external/pubs/ft/weo/2013/01/weodata/index.aspx).
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Figure 1.1 Corrective Fuel Taxes to Reflect Environmental Costs, Selected Countries, 2010

Source: Authors, based on methodology described in the book.

in panel 3 of   Figure 1.1  , and they exceed current excise taxes in 15 of these 
countries, with congestion and accidents costs together accounting for about 
70–90 percent of the corrective tax. CO 2  emissions contribute $0.08/liter in 
all cases and local pollution typically less. Corrective taxes for diesel 
fuel (primarily used by trucks but also by some cars) are often somewhat 
higher than for gasoline (panel 4 of   Figure 1.1  ), so there appears to be little 
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Source: Authors, based on methodology described in the book.

Figure 1.2 Impacts of Fuel Tax Reform, Selected Countries, 2010
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systematic basis for the common practice of taxing motor diesel at lower 
rates than gasoline. 

 •  Corrective taxes can yield substantial reductions in pollution-related 
deaths and in CO 2  emissions, and large revenue gains : 
   Fuel tax reform can reduce worldwide deaths from outdoor, fossil fuel, 

air pollution by 63 percent.   The vast majority of avoided deaths for coun-
tries shown in panel 1 of   Figure 1.2   result from corrective taxes on coal. 
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    Tax reforms could reduce CO 2  emissions by 23 percent globally.   For all 
but five countries shown in panel 2 of   Figure 1.2  , coal (because of its 
high carbon intensity and high corrective taxes) accounts for more than 
50 percent of the CO 2  reductions, and about 75 percent or more in seven 
countries. 

    Potential revenue from implementing corrective taxes averages 2.6 
percent of GDP globally.   Corrective taxes on coal could be a significant 
revenue source for many countries shown in panel 3 of   Figure 1.2  , espe-
cially coal-intensive ones such as China (though revenue projections are 
necessarily very approximate). In other countries, such as Brazil, Egypt, 
Indonesia, Japan, Mexico, Nigeria, and the United States, higher motor 
fuel taxes are the dominant source of potential revenue gains (including 
subsidy elimination in some cases). 

    In short, the case for substantially higher energy taxes does not rest 
on climate change alone.   Decisive action need not wait on global 
coordination. 

 SUMMARY AND CONCLUSION 
 Getting energy prices right involves a straightforward extension of widely ac-
cepted and easily administered motor fuel taxes—better aligning the rates of these 
taxes with environmental damage and extending similar charges to other fossil 
fuel products (or their emissions). There are complications (e.g., charges should 
be based on emissions net of any application of emissions control technologies), 
but the issues should be manageable. The findings of this volume suggest large 
and pervasive disparities between efficient fuel taxes and current practice in devel-
oped and developing countries alike, with much (in fact, a huge amount in many 
countries) at stake for fiscal, environmental, and health outcomes. 

 The main challenge is how to get it done—how to build support for energy 
price reform. International organizations and others have an important role to 
play, first in promoting dialogue about best practice, and second in providing 
solid analytical contributions quantifying the benefits of pricing policies relative 
to alternative approaches, and assessing distributional implications to inform the 
design of compensating measures. 

 OUTLINE OF THE VOLUME 
 The main findings of the report—the corrective tax estimates by fuel and by 
country, and rough estimates of the fiscal, environmental, and health benefits 
from tax reform—are presented in  Chapter 6 , which can be read without reading 
the preceding chapters for those who prefer to go straight to these results. The 
other chapters are organized as follows: A quick overview of energy systems, the 
nature of environmental side effects, and major fiscal policies affecting energy is 
provided in  Chapter 2 .  Chapter 3  describes the case for and design of fiscal 
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instruments to address environmental side effects.  Chapter 4  then discusses the 
measurement of global, and in particular local, air pollution damage from fossil 
fuel use. The measurement of congestion, accident, and road damage costs associ-
ated with vehicle use is discussed in  Chapter 5 .  Chapter 7  offers brief concluding 
remarks. 

 REFERENCES 
 Clements, Benedict, David Coady, Stefania Fabrizio, Sanjeev Gupta, Trevor Alleyene, and Carlo 

Sdralevich, eds., 2013,  Energy Subsidy Reform: Lessons and Implications  (Washington: Interna-
tional Monetary Fund). 

 Intergovernmental Panel on Climate Change (IPCC), 2013,  Climate Change 2013: The Physical 
Science Basis , Contribution of Working Group I to the Fifth Assessment Report of the Inter-
governmental Panel on Climate Change (Cambridge, U.K.: Cambridge University Press). 

 National Research Council, 2009,  Hidden Costs of Energy: Unpriced Consequences of Energy 
Production and Use  (Washington: National Research Council, National Academies). 

 Organization for Economic Cooperation and Development, 2012,  Mortality Risk Valuation in 
Environment, Health and Transport Policies  (Paris: Organization for Economic Cooperation 
and Development). 

 Parry, Ian W.H., and Kenneth A. Small, 2009, “Should Urban Transit Subsidies Be Reduced?” 
 American Economic Review , Vol. 99, No. 3, pp. 700–24. 

 World Bank and State Environmental Protection Agency of China, 2007,  Cost of Pollution in 
China: Economic Estimates of Physical Damages  (Washington: World Bank). 

 World Health Organization (WHO), 2013,  Global Health Observatory Data Repository  (Geneva: 
World Health Organization).  

©International Monetary Fund. Not for Redistribution



This page intentionally left blank 

©International Monetary Fund. Not for Redistribution



  11

  CHAPTER 2 

 Energy Systems, Environmental 
Problems, and Current Fiscal 
Policy: A Quick Look 

 Fossil fuels are used pervasively to generate electricity, power transportation ve-
hicles, and provide heat for buildings and manufacturing processes. Fuel combus-
tion produces carbon dioxide (CO 2 ) emissions and various local air pollutants, 
and use of transportation vehicles also causes road congestion, accidents, and (less 
important) pavement damage. 

 This chapter provides a quick look at energy systems, elaborates on their major 
environmental impacts, and discusses existing fiscal provisions affecting energy. 
Although the information here is not directly relevant for estimating corrective 
fuel taxes, it provides broader context and suggests why corrective taxes, and their 
impacts, are likely to differ considerably across countries. 

 OVERVIEW OF ENERGY SYSTEMS 
 Although insofar as possible this volume presents results for 156 countries, a focus 
on 20 countries is used to illustrate how corrective taxes and their impacts vary 
with per capita income, fuel mixes, population density, road fatalities, and so on. 
This section provides some basic statistics for these countries for 2010 (or the 
latest year for which data are available). 

   Figure 2.1   shows primary energy consumption (i.e., the energy content of fos-
sil and other fuels before transformation into electricity) in gigajoules per capita. 
Energy consumption is highest in the United States and roughly half as high in 
countries such as Germany, Japan, and the United Kingdom. At the other end of 
the spectrum, energy consumption per capita in India, Indonesia, and Nigeria is 
8 percent or less of that in the United States. 

 These differences primarily reflect variations in reliance on electricity and 
motor vehicles. As indicated in   Figure 2.2  , relative differences in electricity con-
sumption per capita broadly follow the patterns for total energy consumption per 
capita. In the United States, for example, people tend to live in relatively large 
homes requiring higher electricity use, whereas in Indonesia and India, about 
35 percent of the population lacks access to electricity, as do about 50 percent in 
Nigeria (World Bank, 2013). 

 Similarly, countries with lower per capita energy consumption also tend to have 
lower vehicle ownership rates (  Figure 2.3  ). The United States and Australia, for 
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  Figure 2.1  Primary Energy Consumption per Capita, Selected Countries, 2010  
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 Source: US EIA (2013).  
 Note: Primary energy consumption is the energy content of fossil and other fuels before transformation into power generation.

  Figure 2.2  Electricity Consumption per Capita, Selected Countries, 2010  
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 Source: US EIA (2013).  
 Note: Electricity consumption includes residential and industrial uses.
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example, have about 800 and 700 motor vehicles per thousand people, respectively, 
whereas China, Egypt, India, Indonesia, and Nigeria, have fewer (sometimes far 
fewer) than 100 vehicles per thousand people. 

 The scale of environmental problems also depends critically on a country’s fuel 
mix, and again there are large differences, as indicated in   Figure 2.4  . For example, 
coal constitutes more than half of total energy consumption in China, India, 
Kazakhstan, Poland, and South Africa, but 5  percent or less in Brazil, Egypt, 
Mexico, and Nigeria. Petroleum varies from 19 percent of energy consumption in 
China to 71 percent in Nigeria. And natural gas varies from 2 percent in South 
Africa to 50 percent in Egypt. Countries use some renewables (wind, solar, hydro, 
and others), but there are challenges to their growth, such as the intermittent 
supply from wind and solar power and the mismatch between their ideal location 
and urban centers. 

 Differences in energy consumption per capita, in particular, but also in fuel 
mixes, explain differences in energy-related CO 2  emissions per capita, shown in 
  Figure 2.5  . For example, annual emissions per capita are almost 20 metric tons in 
Australia and the United States, countries that both use a lot of energy and have 
relatively emissions-intensive fuel mixes. 

 The severity of environmental problems also depends on population density 
(greater density generally indicates that more people are exposed to local air emis-
sions and that road systems are more crowded), which again varies considerably 

  Figure 2.3  Motor Vehicle Ownership Rates, Selected Countries, 2010 (or latest available)  
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  Note: Motor vehicles include cars, trucks, and buses. However, two-wheeled motorized vehicles (which are used perva-

sively in many Asian countries) are not included in the data. 
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across countries. For example, the share of the population living in urban areas 
ranges from about 90 percent in Australia, Chile, Israel, and Japan to less than 
40 percent in India and Thailand (  Figure 2.6  ). 

 ENVIRONMENTAL SIDE EFFECTS 
 Fossil fuel use is associated with a variety of environmental side effects, or “exter-
nalities.” An adverse externality occurs when the actions (e.g., fuel combustion) 
of individuals or firms impose costs on others that the actors do not take into 
account. Externalities call for policy intervention, principally monetary charges 
that are directly targeted at the source of environmental harm and that are set at 
levels to reflect environmental damage ( Chapter 3 ). 

 The main externalities of concern for this study are CO 2  emissions, local air 
pollution, and the broader costs of vehicle use. Further environmental problems 
are discussed in Box 2.1.  

  Figure 2.4  Share of Final Energy Use by Fuel Type, Selected Countries, 2010 (or latest 
available)  
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  Note: The figure shows the share of primary energy (from direct fuel combustion) and secondary energy (primarily 

power generation) attributed to different fuels. Fuels are compared on an energy-equivalent basis. 
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  Figure 2.5  Carbon Dioxide (CO 2 ) Emissions per Capita, Selected Countries, 2010  
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 Source: US EIA (2013). 

  Figure 2.6  Urban Population, Selected Countries, 2010  
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   Note: Urban population refers to the share of people living in urban areas as defined by national statistical offices.  
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  BOX 2.1  

 Broader Environmental Effects beyond the Study Scope 
 A variety of other costs associated with fossil fuel production and use are not consid-
ered in this study for one or more of the following reasons (see, e.g., NRC, 2009,  Chapter 2 , 
for further discussion): 

•  These costs might be taken into account by individuals and firms 
•  They may be modest in quantitative terms 
•  They might be too difficult to quantify 
•  They may call for policies other than fuel taxes 

 Examples include the following: 

  Additional pollutants:  Carbon monoxide (CO), a by-product of fuel combustion, reduces 
oxygen in the bloodstream, posing a danger to those with heart disease, but when 
released outdoors its concentration is usually not sufficient to cause significant health 
effects. Lead emissions cause neurological effects, especially for children, with poten-
tially significant impacts on lifetime productivity (Grosse and others, 2002; Zax and 
Rees, 2002). However, lead has been, or is being, phased out from petroleum products 
in many countries. Various other toxins (e.g., benzene) are generally not released in 
sufficient quantities to cause health damage that is significant relative to the effects of 
pollutants considered in this book. 

  Upstream environmental impacts:  Environmental impacts occurring during fuel extrac-
tion and production include 

•  Despoiling of the natural environment (e.g., mountaintop removal for coal, acci-
dents at oil wells) 

•  Waste from fuel processing (e.g., slurry caused by the “washing” of raw coal) 
•  Emissions leaks during fuel storage (e.g., from corrosion or evaporation at under-

ground tanks at refineries and gasoline stations) 
•  Further leakage during transportation (e.g., spills from oil tankers) 

 However, per unit of fuel use, the damage from these causes appear to be small relative 
to those estimated in this study (Jaramillo, Griffin, and Matthews, 2007; NRC, 2009, 
 Chapter 2 ) and these problems call for interventions (e.g., double hull requirements for 
tankers, mandatory insurance for accident costs, requirements that mined areas be 
returned to their premining vegetative state) other than fuel taxes. 

  Occupational hazards:  For fossil fuel extraction industries, occupational hazards 
include, for example, lung disease from long-term exposure to coal dust, coal 
mine collapses, and explosions at oil rigs. Individuals may account for these risks, 
however, when choosing among different occupations (a long-established litera-
ture in economics suggests that higher-risk jobs tend to compensate workers 
through higher wages; see, e.g., Rosen, 1986). To the extent policy intervention is 
warranted, perhaps because individuals understate risks, more targeted measures 
such as workplace health and safety regulations would be more efficient than fuel 
charges. 

  Indoor air pollution:  Indoor air pollution causes an estimated 3.8 million deaths world-
wide each year (Burnett and others, 2013). For example, in low-income countries, 
burning coal in poorly ventilated cooking stoves or open fires can create serious 
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 CO 2  Emissions 

 CO 2  emissions from fossil fuel combustion are, by far, the largest source of global 
greenhouse gas (GHG) emissions. Emissions trends and the scientific basis for 
human-induced global warming are briefly summarized in this section. For an in-
depth discussion, see successive reports of the Intergovernmental Panel on Climate 
Change (IPCC), most recently the assessment of the science in IPCC (2013). 

 Global, energy-related CO 2  emissions have increased from about 2 billion 
metric tons in 1900 to about 30 billion tons in 2013 and, in the absence of miti-
gating measures, are projected to increase to almost 45 billion tons by 2035 
(  Figure 2.7  ). Emissions from non-OECD countries overtook those from OECD 
countries about 2005, and are projected to account for two-thirds of the global 
total by 2035. 

 Roughly 50 percent of CO 2  releases accumulate in the global atmosphere, 
where they remain, on average, for about 100 years; consequently, atmospheric 
CO 2  concentrations have increased from pre-industrial levels of about 280 parts 
per million (ppm) to current levels of about 400 ppm. Accounting for other 
GHGs, such as methane and nitrous oxide (from agricultural and industrial 
sources), and expressing them in lifetime warming equivalents to CO 2 , atmo-
spheric concentrations in CO 2  equivalents are now about 440 ppm. In the ab-
sence of substantial emissions mitigation measures, GHG concentrations are 
expected to reach 550 ppm (in CO 2  equivalent) by about the middle of this 
century, and to continue rising thereafter (Aldy and others, 2010; Bosetti and 
others, 2012). 

 IPCC (2013) estimates that global average temperatures have risen by 
0.85°C since 1880 and is 95 percent certain that the main cause is fossil fuel 

pollution-related health problems (Ezzati, 2005). Raising consumer coal prices may not 
be the best policy for dealing with indoor air pollution, however, particularly because 
doing so may promote the equally harmful use of biomass, at least until cleaner 
energy sources (e.g., charcoal, natural gas, electricity, or even processed coal that 
burns more cleanly), and better technologies such as better ventilated stoves, are 
made available. 

  Energy security:  Although energy security concerns often motivate policies to reduce 
domestic consumption of oil and other fuels, quantifying a reasonable fuel tax level for 
this purpose is challenging. Some studies (e.g., Brown and Huntington, 2010) suggest 
the costs (not taken into account by the private sector) arising from the vulnerability of 
the macroeconomy to oil price volatility are not especially large, at least for the United 
States. More generally, dependence on oil supplies from politically volatile regions may 
realign a country’s foreign policy away from globally desirable objectives toward one 
focused on promoting access to oil markets (Council on Foreign Relations, 2006), 
though rapid development of unconventional oil, such as shale oil, may be alleviating 
these concerns. 
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combustion and other man-made GHGs (rather than other factors like changes 
in solar radiation and heat absorption in urban areas). However, because of lags 
in the climate system (i.e., gradual heat diffusion processes in the oceans), 
temperatures are expected to continue rising, even if concentrations were to be 
stabilized at current levels. As indicated in   Figure 2.8  , if GHG concentrations 
were stabilized at 450, 550, or 650 ppm, respectively, the eventual mean pro-
jected warming (over pre-industrial levels) is 2.1, 2.9, and 3.6°C, respectively.  1   
Alternatively, contemporaneous warming is expected to reach about 3–4°C by 
the end of the century, though actual warming could be substantially higher (or 
lower) than this (Bosetti and others, 2012; IPCC, 2013; Nordhaus, 2013, 
Figure 9). 

 The climatic consequences of warming include changed precipitation pat-
terns, sea level rise caused by thermal expansion of the oceans and melting sea 
ice, more intense and perhaps frequent extreme weather events, and possibly 
more catastrophic outcomes like runaway warming, ice sheet collapses, or 
destruction of the marine food chain caused by warmer, more acidic oceans. 
Considerable uncertainty surrounds all of these effects, particularly from the 
potential for feedback effects (e.g., releases of methane from thawing permafrost 
tundra, less reflection of sunlight as glaciers melt) that might compound 
warming. 

  Figure 2.7  Projected Global Energy-Related CO 2  Emissions  
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  Note: CO 2  = carbon dioxide; OECD = Organization for Economic Cooperation and Development. 

 1 For perspective on the scale of these changes, current temperatures are about 5°C higher than at the 
peak of the last ice age about 20,000 years ago when the climate was radically different and much of 
the northern hemisphere was covered in ice.
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  Figure 2.8  Projected Long-Term Warming above Pre-Industrial Temperatures from  
Stabilization at Different Greenhouse Gas Concentrations  

 

0

1

2

3

4

5

6

7

8

350 450 550 650 750 850 950

E
qu

ili
br

iu
m

 te
m

pe
ra

tu
re

 in
cr

ea
se

 °
C

GHG concentration stabilization level (ppm CO2 equivalent)

Two-thirds
confidence interval

Mean warming
projection

Current concentration

 Source: IPCC (2007, Table 10.8).  
  Note: CO 2  = carbon dioxide; GHG = greenhouse gas; ppm = parts per million. Figure shows the projected increase in global 

temperature (once the climate system has fully adjusted, which takes at least several decades) over pre-industrial levels 
if atmospheric GHG concentrations are stabilized at different levels. The most recent assessment (IPCC, 2013) slightly 
lowered the bottom end of the confidence interval for a doubling of CO 2  equivalent (not reflected in the figure). 

 Policies to price the carbon content of fossil fuels (or otherwise mitigate CO 2  
emissions) are needed, because at present households and firms are generally not 
charged for the future climate change damage resulting from these emissions.  2   

 Local Air Pollution 

 Unless it is priced to reflect environmental damage, local air pollution from fuel 
combustion is also excessive from society’s perspective. The sources of air pollu-
tion and their environmental impacts are discussed in this section. 

 Sources of air pollution 

 Fossil fuel use results in both primary pollutants, emitted during fuel combustion, 
and secondary pollutants, formed subsequently from chemical transformations of 

 2 Other policies are also needed, but are largely beyond the scope of this book. These include policies 
to reduce emissions from international aviation and maritime activities (Keen, Parry, and Strand, 
2013) and land use (Mendelsohn, Sedjo, and Sohngen, 2012); measures to enhance clean technology 
development (see Chapter 3); adaptation to climate change (e.g., coastal defenses, shifting to hardier 
crop varieties); development of last-resort technologies (e.g., to remove CO 2  from the atmosphere or 
to “manage” solar radiation through sunlight-deflecting particles) for possible deployment in extreme 
scenarios; and mobilization of financial assistance for developing countries (de Mooij and Keen, 2012).
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primary pollutants in the atmosphere. With regard to pollution-related health 
effects—the main manifestation of environmental damage—potentially the most 
important pollutant is fine particulates or PM 2.5  (particulate matter with diameter 
up to 2.5 micrometers) because these particles permeate the lungs and blood-
stream. Primary PM 2.5  is directly emitted when fuels like coal are combusted, but 
is also formed indirectly from chemical reactions in the atmosphere involving 
certain primary pollutants. 

 The most important pollutants associated with coal are directly emitted PM 2.5  and 
sulfur dioxide (SO 2 ), which reacts in the atmosphere to form PM 2.5 . Fine particulates 
are also formed from nitrogen oxide (NO x ) emissions, but generally in smaller quan-
tities, because NO x  emission rates are generally lower than for SO 2  and are less reac-
tive. Emission rates per unit of energy can vary considerably across different coal 
types, and a number of newer coal plants in many countries incorporate emissions 
control technologies. (Both factors should be considered in setting coal taxes.) 

 Natural gas is a much cleaner fuel than coal; it produces a minimal amount of SO 2  
and primary PM 2.5  emissions, though it does generate significant amounts of NO x . 
Motor fuel combustion also produces NO x , and diesel fuel combustion causes some 
SO 2  and primary PM 2.5  emissions. Motor fuel combustion also releases volatile or-
ganic compounds that react with NO x  in the presence of sunlight to form ozone, a 
major component of urban smog. Ozone has health effects, though the link to mor-
tality is much weaker than for PM 2.5  (damage from ozone is not considered here).  3   

 Environmental damage 

 Local air pollution damage is potentially large, and has been estimated to be 
about 1 percent of GDP for the United States and almost 4 percent for China 
(NRC, 2009; Muller and Mendelsohn, 2012; World Bank and State Environ-
mental Protection Agency of China, 2007). These harmful effects range from 
impaired visibility and nonfatal heart and respiratory illness to building corrosion 
and reduced agricultural yields when pollutants react with water to form acid 
rain. However, a number of studies suggest that, by far, the main damage compo-
nent (and the component this study focuses on) is elevated risks of premature 
human mortality.  4   

 The epidemiological literature has solidly established that long-term expo-
sure to PM 2.5  is associated with increased risk of lung cancer, chronic obstruc-
tive pulmonary disease, heart disease (from reduced blood supply), and stroke 
(Burnett and others, 2013; Health Effects Institute, 2013; Humbert and others, 
2011; Krewski and others, 2009). Seniors, infants, and people with preexisting 

 3 This ground-level ozone is distinct from stratospheric ozone, which blocks cancer-causing, ultraviolet 
radiation. Stratospheric ozone depletion is caused by man-made chemicals, but such chemicals have 
now been largely phased out (Hammitt, 2010). 
 4 For example, studies for China, Europe, and the United States find that mortality impacts typically 
account for 85 percent or more of the total damage from local air pollution (US EPA, 2011; European 
Commission, 1999; NRC, 2009; World Bank and State Environmental Protection Agency of China, 
2007; Watkiss, Pye, and Holland, 2005). 
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  Figure 2.9  Air Pollution Concentrations, Selected Countries, 2010  
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 Source: Brauer and others (2012).  
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shares) within a country; regional observations are based on satellite data. Concentrations for specific urban centers 
can be much higher than national averages. 

health conditions (e.g., those who have suffered strokes or who are suffering 
from cardiovascular disease) are most susceptible (Rowlatt and others, 1998). 

   Figure 2.9   shows ambient PM 2.5  concentrations in 2010 for selected countries 
(averaged across regional pollution concentrations in each country after weighting 
regions by population shares). For many countries (e.g., Germany, Indonesia, 
Kazakhstan, Mexico, Poland, the United Kingdom, and the United States) average 
PM 2.5  concentrations are between about 10 and 20 micrograms/cubic meter. Some 
countries have average PM 2.5  concentrations of less than 10 micrograms/cubic 
meter (e.g., Australia, Brazil, and South Africa, where the coastal location of cities 
helps to disperse pollution). But in other countries, PM 2.5  concentrations can be 
much greater; for example, between 30 and 40 micrograms/cubic meter in Egypt, 
India, and Korea and, strikingly, more than 70 micrograms/cubic meter in China. 

   Figure 2.10   shows estimated deaths by region attributable to local outdoor air 
pollution in 2010. Worldwide, deaths were 3.2 million and were especially con-
centrated in East Asia (about 1.3 million) and South Asia (about 0.8 million). 

 Fuel taxes should not necessarily be highest in countries with the worst pollution, 
however, because the extra health risks posed by additional pollution do not neces-
sarily depend on existing pollution concentrations ( Chapter 3 ). Appropriate taxes 
depend, for example, on the size and composition of the exposed population and on 
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how health risks are valued (which might vary with income levels). A given level of 
environmental tax, however, likely has relatively larger environmental impacts in 
high-pollution countries, where there is greater scope for reducing pollution. 

 Broader Externalities Related to Motor Fuel Use 

 Use of fuel in motor vehicles is associated with further side effects that should be 
factored into tax design, the most important of which are traffic congestion and 
traffic accidents. (Road damage plays a more minor role in corrective fuel taxes.) 

 Traffic congestion 

 Traffic on roads where speeds are below free-flow levels is generally excessive: un-
less they are charged for road use, motorists will not account for their own impact 
on adding to congestion and slowing speeds for other road users (Arnott, Rave, 
and Schöb, 2005; Lindsey, 2006; Litman, 2013; Santos, 2004). This applies 

  Figure 2.10  Air Pollution Deaths by Region, 2010  
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  Note: Figure shows estimated deaths from outdoor ambient air pollution and excludes deaths from indoor air pollution 

(see Box 2.1). Data by country were not available at the time of writing. 
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irrespective of complementary policies such as investment in road or transit capac-
ity or improved coordination of traffic signals, though these improvements can 
lower the appropriate charge for congestion (e.g., by alleviating bottlenecks). 

 Traffic congestion varies dramatically across urban and rural areas, and across 
time of day. It has been estimated, for example, that drivers in the London rush 
hour impose costs on others equivalent to US$10 per liter of fuel through their 
contribution to traffic congestion (Parry and Small, 2009). Congestion is best 
addressed through taxes on vehicle-kilometers driven on busy roads, with rates 
varying over the course of the day with prevailing traffic levels ( Chapter 3 ). Until 
such charges are comprehensively implemented (e.g., using global positioning 
systems), however, congestion costs that motorists impose on others should be 
reflected appropriately in fuel taxes (Parry and Small, 2005). 

 The appropriate fuel charges are likely to vary considerably across countries, 
even if travel delays were valued similarly.   Figure 2.11  , which shows registered 
vehicles (cars, trucks, buses) per kilometer of nationwide road capacity, provides 
some sense, albeit very crude, of these variations. For example, Germany, Japan, 
Mexico, Poland, and the United Kingdom have far more vehicles per kilometer 
of road capacity than the United States, implying that a much greater portion of 
nationwide driving likely occurs under congested conditions in those countries. 

  Figure 2.11  Vehicles and Road Capacity, Selected Countries, 2007 (or latest available)  
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  Note: Road capacity includes both paved and unpaved roads. Vehicles include cars, buses, and trucks but not motorized 

two wheelers. 
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 Traffic accidents 

 Another side effect of vehicle use is traffic accidents. Although drivers should take 
into account some accident costs, such as injury risks to themselves, other costs 
(e.g., injury risks to pedestrians, property damage, medical costs borne by third 
parties) are not taken into account, implying excessive driving from a societal 
perspective. Again, this applies irrespective of other measures, such as drunk driver 
penalties, airbag and seatbelt mandates, and traffic medians, though these mea-
sures lower the appropriate charge for accidents (e.g., by reducing fatality rates). 

   Figure 2.12  , which shows the number of road fatalities in 2010, gives some 
sense of the problem. In India, for example, there were about 134,000 road 
deaths; in China about 65,000; and even in South Africa (which has 4 percent of 
the population of China), there were about 14,000 fatalities. 

 FISCAL POLICIES CURRENTLY AFFECTING ENERGY 
AND TRANSPORTATION 
 For data quality reasons, the discussion of tax policies in this subsection focuses 
on OECD countries.  5   Among these countries, revenue from environment-related 

  Figure 2.12  Road Deaths, Selected Countries, 2010  
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  Note: These data, which are for 2010 or the latest available year, may understate road fatalities in developing countries 

because of underreporting; see Chapter 5. WHO (2013) suggests, for example, that traffic deaths in India and China 
are much larger, and global total deaths are 1.2 million. 

 5 Estimates of taxes and subsidies by fuel product for all countries are provided in Annex 6.2.
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taxes (  Figure 2.13  ) averaged about 6 percent of total tax revenue in 2010, varying 
between 15 percent of revenue in Turkey, to 3 percent in the United States, and 
about minus 1.5 percent in Mexico, where petroleum was subsidized significantly 
in 2010 (before price liberalization in 2013). 

 These revenues mainly reflect three excise taxes: on fuel, on vehicle ownership, 
and on residential electricity consumption. 

 Although fuel taxes foster all possibilities for reducing fuel use (better fuel ef-
ficiency, less driving), the main issue in this analysis is whether tax levels reason-
ably reflect environmental damage. It seems unlikely that every country’s taxes 
reflect that damage, given the huge disparities in tax rates (  Figure 2.14  ). In 2010, 
gasoline taxes varied from the equivalent of more than US$0.80/liter in Finland, 
France, Germany, Greece, Israel, Norway, Turkey, and the United Kingdom, to 
US$0.11/liter in the United States, and a subsidy of US$0.13/liter in Mexico. In 
most countries, diesel fuel is tax-favored relative to gasoline, though it is not 

  Figure 2.13  Revenue from Environment-Related Taxes as Percent of Total Revenue in 
OECD Countries, 2010 (or latest available)  
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obvious that trucks (the primary consumer of diesel) contribute less than cars to 
pollution, congestion, and so on. 

 Other taxes underlying   Figure 2.13   are not well targeted from an environmental 
perspective (see  Chapter 3 ). Vehicle taxes do not encourage vehicle owners to drive 
less and, despite often varying with emissions classes, do not exploit all opportuni-
ties for raising fuel efficiency. Simple taxes on electricity consumption do not en-
courage cleaner power generation fuels, nor use of emissions control technologies. 
Although carbon pricing is gathering momentum (Ecofys, 2013), as of 2013 
about 80 percent of global CO 2  emissions were not covered by explicit carbon 
pricing programs, and CO 2  prices (currently equivalent to about US$7 per ton of 
CO 2  in the European Union Emissions Trading System) are typically a small frac-
tion of estimated environmental damage ( Chapter 5 ). 

 Moreover, many countries heavily subsidize—rather than tax—energy use. 
Estimated subsidies for fossil fuel use, measured by the gap between world fuel 

  Figure 2.14  Excise Tax Rates on Motor Fuels, 2010 (or latest available)  
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prices and domestic market prices, were $490 billion worldwide in 2011, with the 
Middle East and North African countries accounting for 48 percent of these 
subsidies (  Figure 2.15  ). Notably, 44 percent of these subsidies were for petroleum 
products, 23 percent for natural gas, 31 percent for electricity consumption, but 
only 1 percent for coal (the most polluting fuel)—so just eliminating subsidies 
without introducing coal taxes will have limited effects on emissions.  6   

 Nonetheless, the overall picture is one of ample opportunity to rationalize 
energy prices by eliminating fossil fuel subsidies and shifting some of the burden 
of broader taxes onto fossil fuel products. Even countries with high energy taxes 
have scope to restructure them (e.g., by shifting taxes off electricity and onto coal) 
to improve their effectiveness, and to better align tax rates to environmental dam-
age. How to gauge appropriate tax levels for this purpose is the main contribution 
of this volume. 

  Figure 2.15  Subsidies for Fossil Fuel Energy by Region and Fuel Type, 2011  
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  Note: CEE-CIS = Central and Eastern Europe and the Commonwealth of Independent States; ED Asia = Emerging and 

Developing Asia; LAC = Latin America and the Caribbean; MENA = the Middle East and North Africa; SSA = sub-
Saharan Africa. 

 6 Renewables are also subsidized, at $66 billion in 2010, according to IEA (2011, Figure 14.13).

©International Monetary Fund. Not for Redistribution



 28 Getting Energy Prices Right: From Principle to Practice

 REFERENCES 
 Aldy, Joseph, Alan J. Krupnick, Richard G. Newell, Ian W.H. Parry, and William A. Pizer, 2010, 

“Designing Climate Mitigation Policy,”  Journal of Economic Literature,  Vol. 48, pp. 903–34. 
 Arnott, Richard A., Tilmann Rave, and Ronnie Schöb, 2005,  Alleviating Urban Traffic Conges-

tion  (Cambridge, Massachusetts: MIT Press). 
 Bosetti, Valentina, Sergey Paltsev, John Reilly, and Carlo Carraro, 2012, “Emissions Pricing to 

Stabilize Global Climate,” in  Fiscal Policy to Mitigate Climate Change: A Guide for Policymakers , 
edited by I.W.H. Parry, R. de Mooij, and M. Keen (Washington: International Monetary Fund). 

 Brauer, Michael, Markus Amann, Rick T. Burnett, Aaron Cohen, Frank Dentener, Majid Ezzati, 
Sarah B. Henderson, Michal Krzyzanowski, Randall V. Martin, Rita Van Dingenen, Aaron 
van Donkelaar, and George D. Thurston, 2012, “Exposure Assessment for Estimation of the 
Global Burden of Disease Attributable to Outdoor Air Pollution,”  Environmental Science & 
Technology,  Vol. 46, pp. 652–60. 

 Brown, Stephen P.A., and Hillard G. Huntington, 2010, “Estimating US Oil Security Premi-
ums,” Discussion Paper 10–05 (Washington: Resources for the Future). 

 Burnett, Richard T., C. Arden Pope, Majid Ezzati, Casey Olives, Stephen S. Lim, Sumi Mehta, 
Hwashin H. Shin, and others, 2013, “An Integrated Risk Function for Estimating the Global 
Burden of Disease Attributable to Ambient Fine Particulate Matter Exposure” (Unpublished; 
Ottawa, Ontario, Canada: Health Canada). 

 Clements, Benedict, David Coady, Stefania Fabrizio, Sanjeev Gupta, Trevor Alleyene, and Carlo 
Sdralevich, eds., 2013,  Energy Subsidy Reform: Lessons and Implications  (Washington: Interna-
tional Monetary Fund). 

 Council on Foreign Relations, 2006,  National Security Consequences of US Oil Dependency  
(Washington: Council on Foreign Relations). 

 de Mooij, Ruud, and Michael Keen, 2012, “Fiscal Instruments for Climate Finance,” in  Fiscal 
Policy to Mitigate Climate Change: A Guide for Policymakers , edited by I.W.H. Parry, R. de 
Mooij, and M. Keen (Washington: International Monetary Fund). 

 Ecofys, 2013,  Mapping Carbon Pricing Initiatives: Developments and Prospects . Report produced 
for the World Bank (London: Ecofys). 

 European Commission, 1999,  ExternE Externalities of Energy, Vol. 7—Methodology Update , 
Report produced for the European Commission, DG XII (Brussels: Office of Publications for 
the European Communities). 

 Ezzati, Majid, 2005, “Indoor Air Pollution and Health in Developing Countries,”  Lancet,  Vol. 
366, pp. 104–106. 

 Grosse, Scott D., Thomas D. Matte, Joel Schwartz, and Richard J. Jackson, 2002, “Economic 
Gains Resulting from the Reduction in Children’s Exposure to Lead in the United States,” 
 Environmental Health Perspectives , Vol. 110, pp. 563–69. 

 Hammitt, James K., 2010, “The Successful International Response to Stratospheric Ozone 
Depletion,” in  Issues of the Day:100 Commentaries on Climate, Energy, the Environment, Trans-
portation, and Public Health Policy , edited by Ian W.H. Parry and Felicia Day (Washington: 
Resources for the Future). 

 Health Effects Institute, 2013, “Understanding the Health Effects of Ambient Ultrafine Parti-
cles,” HEI Review Panel on Ultrafine Particles (Boston: Health Effects Institute). 

 Intergovernmental Panel on Climate Change (IPCC), 2007,  Climate Change 2007: The Physical 
Science Basis , Contribution of Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change (Cambridge, U.K.: Cambridge University 
Press). 

 ———, 2013,  Climate Change 2013: The Physical Science Basis , Contribution of Working 
Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
(Cambridge, U.K.: Cambridge University Press). 

 International Energy Agency (IEA), 2011,  World Energy Outlook 2011  (Paris: International 
Energy Agency). 

©International Monetary Fund. Not for Redistribution



 Energy Systems, Environmental Problems, and Current Fiscal Policy: A Quick Look 29

 International Road Federation (IRF), 2009,  World Road Statistics 2009  (Geneva: International 
Road Federation). 

 ———, 2012,  World Road Statistics 2012  (Geneva: International Road Federation). 
 Jaramillo, P., W.N. Griffin, and H.S. Matthews, 2007, “Comparative Life Cycle Air Emissions 

of Coal, Domestic Natural Gas, LNG, and SNG for Electricity Generation,”  Environmental 
Science and Technology , Vol. 41, No. 6, pp. 290–96. 

 Keen, Michael, Ian W.H. Parry and Jon Strand, 2013, “Ships, Planes, and Taxes,”  Economic 
Policy,  Vol. 28, pp. 701–49. 

 Krewski, Daniel, Michael Jerrett, Richard T. Burnett, Renjun Ma, Edward Hughes, Yuanli Shi, 
Michelle C. Turner, C. Arden Pope III, George Thurston, Eugenia E. Calle, and Michael J. 
Thun, 2009, “Extended Follow-Up and Spatial Analysis of the American Cancer Society Study 
Linking Particulate Air Pollution and Mortality,” Research Report 140 (Boston, Massachusetts: 
Health Effects Institute). http://scientificintegrityinstitute.net/Krewski052108.pdf. 

 Lindsey, Robin, 2006, “Do Economists Reach a Conclusion on Road Pricing? The Intellectual 
History of an Idea,”  Econ Journal Watch,  Vol. 3, No. 2, pp. 292–379. 

 Mendelsohn, Robert, Roger Sedjo, and Brent Sohngen, 2010, “Forest Carbon Sequestration,” 
in  Fiscal Policy to Mitigate Climate Change: A Guide for Policymakers , edited by I.W.H. Parry, 
R. de Mooij, and M. Keen (Washington: International Monetary Fund). 

 Muller, Nicholas Z., and Robert Mendelsohn, 2012,  Using Marginal Damages in Environmental 
Policy: A Study of Air Pollution in the United States  (Washington: American Enterprise 
Institute). 

 National Research Council (NRC), 2009,  Hidden Costs of Energy: Unpriced Consequences of 
Energy Production and Use  (Washington: National Research Council, National Academies). 

 Nordhaus, William D., 2013,  The Climate Casino: Risks, Uncertainty, and Economics for a Warm-
ing World  (New Haven, Connecticut: Yale University Press). 

 Organization for Economic Cooperation and Development (OECD), 2013, Environmentally 
Related Taxes, Fees and Charges Database (Paris: Organization for Economic Cooperation 
and Development). http://www2.oecd.org/ecoinst/queries/index.htm. 

 Parry, Ian W.H., and Kenneth A. Small, 2005, “Does Britain or the United States Have the 
Right Gasoline Tax?”  American Economic Review , Vol. 95, No. 4, pp. 1276–89. 

 ———, 2009, “Should Urban Transit Subsidies Be Reduced?”  American Economic Review,  Vol. 
99, pp. 700–24. 

 Rosen, Sherwin, 1986, “The Theory of Equalizing Differences,” in  Handbook of Labor Econom-
ics  Vol. 1, edited by O. Ashenfelter and R. Layard, pp. 641–92 (New York, New York: 
Elsevier). 

 Rowlatt, Penelope, Michael Spackman, Sion Jones, Michael Jones-Lee, and Graham Loomes, 
1998, Valuation of Deaths from Air Pollution (London: National Economic Research 
Associates). 

 Santos, Georgina, 2004,  Road Pricing: Theory and Evidence , Research in Transportation Eco-
nomics Vol. 9 (Amsterdam: Elsevier). 

 United States Energy Information Administration (US EIA), 2011,  International Energy Out-
look 2011  (Washington: Energy Information Administration, US Department of Energy). 
www.eia.gov/forecasts/ieo/index.cfm. 

 ———, 2013, International Energy Statistics (Washington: Energy Information Administra-
tion, US Department of Energy). www.eia.gov/cfapps/ipdbproject/iedindex3.cfm. 

 United States Environmental Protection Agency (US EPA), 2011,  The Benefits and Costs of the 
Clean Air Act from 1990 to 2020 , Report to Congress (Washington: US Environmental Pro-
tection Agency). 

 Watkiss, Paul, Steve Pye, and Mike Holland, 2005,  CAFE (Clean Air for Europe) CBA: Baseline 
Analysis 2000 to 2020 . Report to the European Commission (Brussels: Directorate-General 
for the Environment). 

 World Bank, 2013, World Development Indicators Database (Washington: World Bank). 
http://data.worldbank.org/indicator. 

©International Monetary Fund. Not for Redistribution

http://www2.oecd.org/ecoinst/queries/index.htm
http://www.eia.gov/forecasts/ieo/index.cfm
http://data.worldbank.org/indicator
http://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm
http://scientificintegrityinstitute.net/Krewski052108.pdf


 30 Getting Energy Prices Right: From Principle to Practice

 World Bank and State Environmental Protection Agency of China, 2007,  Cost of Pollution in 
China: Economic Estimates of Physical Damages  (Washington: World Bank). 

 World Health Organization (WHO), 2013, Global Health Observatory Data Repository (Ge-
neva: World Health Organization). http://apps.who.int/gho/data/node.main.A997?lang=en. 

 Zax, Jeffrey S., and Daniel I. Rees, 2002, “IQ, Academic Performance, Environment, and Earn-
ings,”  Review of Economics and Statistics , Vol. 84, pp. 600–16.                              
        

        

©International Monetary Fund. Not for Redistribution

http://apps.who.int/gho/data/node.main.A997?lang=en


  31

  CHAPTER 3 

 Rationale for and Design of Fiscal 
Policy to “Get Energy Prices Right” 

 The first part of this chapter discusses why environmental taxes or the equivalent 
emissions trading systems (ETSs) should be front and center in getting energy 
prices right, though design details, such as targeting the right base, exploiting the 
fiscal dividend, and establishing stable prices aligned to environmental damage, are 
critical. The second part discusses a variety of further design issues, including spe-
cifics for power generation and transportation fuels, the role of other instruments, 
overcoming challenges to price reform, and issues for low-income countries. 

 Policies that emerge in practice from political processes may deviate in all sorts 
of ways from the economically ideal design principles outlined here. Nonetheless, 
having a clear sense of sound policy design helps discipline the policy debate, pro-
vides a sense of the direction in which policy should be heading, and provides a 
benchmark against which other, perhaps more politically palatable, policies should 
be evaluated to illuminate the trade-offs. And as discussed, some of the design prin-
ciples carry over if regulatory approaches are chosen instead of fiscal approaches. 

 Other complementary policies are needed—investments in transportation and 
energy distribution systems, safety regulations governing the extraction and pro-
duction of energy (including shale gas and nuclear) and use of roads, and so 
on—but are largely beyond the scope of this book, which is about pricing for 
residual environmental damage.  1   

 POLICY INSTRUMENT CHOICE FOR 
ENVIRONMENTAL PROTECTION 
 There are three basic reasons for using fiscal instruments to address the environ-
mental side effects of energy: 

 •  They are environmentally effective —so long as they target the right base (e.g., 
emissions). 

 •  They can achieve environmental objectives at lowest economic cost —so long as 
the fiscal dividend is exploited (e.g., revenues take the place of other burden-
some taxes). 

 •  They strike the right balance between the environment and the economy —so 
long as they reflect environmental damage. 

1The appropriate design of these broader policies can depend on fuel pricing policies. For example, 
taxing coal may increase the need for power grid extensions to wind and solar generation sites.
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 These criteria are important, not just for their own sake, but also for credibility 
and sustainability. The next three subsections elaborate on these principles. Envi-
ronmental taxes in a broader fiscal context, and taxes versus trading systems, are 
discussed in the subsequent two subsections.  2   

 The Effectiveness of Alternative Environmental Policies 

 There are two basic points here: 
 First, if environmental taxes or similar pricing instruments are applied to the 

right base (a critical “if ”), they will exploit all opportunities for reducing a par-
ticular environmental harm. 

 Second, in contrast, regulatory policies by themselves are typically far less effec-
tive because they are focused on a much narrower range of these opportunities—
though a fairer comparison might be between pricing instruments and various 
combinations of regulations. 

 Energy-related carbon dioxide (CO 2 ) emissions are used to illustrate these 
points. The discussion goes into detail, given the importance of choosing the 
right instrument and that relatively ineffective instruments are often used in 
practice.  Box 3.1  illustrates similar points about the effectiveness of well-targeted 
fiscal instruments in other policy contexts. 

 Opportunities for reducing energy-related CO 2  emissions 

 Opportunities for mitigating energy-related CO 2  emissions can be classified as 
follows: 

 •  Increasing the use of renewable generation fuels —that is, shifting the power genera-
tion mix from fossil fuels to carbon-free renewables like wind, solar, and hydro. 

 •  Other options for reducing the emissions intensity of power generation —including 
shifting from high-carbon-intensive coal to intermediate-carbon-intensive 
natural gas and from these fuels to carbon-free nuclear. Emissions intensity 
might also be reduced through adoption of carbon capture and storage 
technologies, provided they become viable in the future. 

 •  Reducing electricity demand —through the adoption of energy-saving tech-
nologies, such as more energy-efficient lighting, air conditioners, or appli-
ances, and reducing the use of electricity-consuming products. 

 •  Reducing transportation fuel demand —by raising the average fuel efficiency 
(kilometers per liter) of vehicle fleets (e.g., adopting technologies to improve 
engine efficiency or reduce vehicle weight, shifting to smaller vehicles or 
various classes of electric vehicles) and curbing vehicle-kilometers driven 
(reducing vehicle ownership and the intensity with which vehicles are used). 

 •  Reducing direct fuel usage, mainly for heating, in homes and industry —again, 
through adoption of energy-saving technologies such as insulation upgrades, 
or reduced product use such as turning down the thermostat. 

2For more discussion of some of the issues covered below see, for example, Goulder and Parry (2008), 
Hepburn (2006), IMF (2008), Krupnick and others (2010), OECD (2010), and Prust and Simard (2004).
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  BOX 3.1  

 Environmental Effectiveness of Alternative Instruments: 
Further Examples 
  Sulfur dioxide emissions . As discussed in  Chapter 4 , sulfur dioxide (SO 2 ) emissions from 
coal-fired power plants are a major cause of premature death. Options for reducing 
these emissions include the following: 

•  Installing filter technologies in smokestacks to capture or “scrub” SO 2  (turning it 
into sludge and solid waste for impoundment in landfills or recycling)—some 
scrubbing technologies can capture 90 percent or more of emissions 

•  Shifting to coal with a lower sulfur content 
•  Washing coal at processing plants, which lowers sulfur content (and other 

impurities) 
•  Shifting from coal to other generation fuels (natural gas, renewables, and others) by 

retiring coal plants 
•  Reducing the demand for electricity 

 Charging for SO 2  emissions released from smokestacks addresses all these possibilities—
the first four options lower generators’ tax liabilities, while the pass-through of 
emissions taxes and abatement costs to consumers addresses the last response 
through higher electricity prices. Alternatively (and perhaps administratively easi-
er), all these responses could be addressed by a tax levied on coal use in proportion 
to its emission rate, with appropriate crediting for use of emissions control tech-
nologies. 

 In contrast, mandating SO 2  control technologies exercises the first response, but not 
the others. Limiting average SO 2  emissions per unit of electricity over generators’ port-
folios of plants is more effective, in that it elicits the first three responses, but provides 
only weak incentives for the last two because generators do not pay for the full social 
cost of coal plants. A coal tax unrelated to pollution addresses the last two options but 
misses the first three. 

  Road traffic congestion . Various possibilities for reducing urban road congestion are 
available (taking transportation infrastructure as given), including encouraging 
people to 

•  Carpool 
•  Use alternative transport modes (bus, rail, bike, walk) 
•  Reduce trip frequency by telecommuting, combining several trips, or simply reduc-

ing travel 
•  Set off later or earlier to avoid the peak within the rush hour 
•  Avoid the rush hour altogether by driving off peak 

 Charging motorists per kilometer driven on busy roads, and varying the charge as 
congestion rises and falls during the course of the rush hour, gives rise to all these 
responses because each would reduce motorists’ tax liabilities. 

 A simple toll per kilometer driven that does not vary with time of day is less effective 
because it does not encourage the last two responses. And a transit fare subsidy is far 
less effective still because it exploits only the second response (and even then it does 
not encourage shifting to other nontransit alternatives). 
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  Effect of carbon pricing 

 Pricing all fossil fuel CO 2  emissions through a carbon tax (or ETS) exploits all 
five of the mitigation opportunities because the emissions price is reflected in 
higher prices for fuels and electricity. 

 For illustration, suppose that 25 percent of the CO 2  reduction comes from shift-
ing to renewable generation fuels, 25 percent from other measures to reduce CO 2  
per kilowatt-hour (kWh) in power generation, 20 percent from reductions in elec-
tricity demand, 15 percent from reductions in transportation fuels, and 15 percent 
from reductions in direct fuel consumption in homes and industry—with reduc-
tions in electricity demand and transportation fuels split equally between energy 
efficiency improvements and reductions in product demand.  3   These illustrative re-
ductions are summarized in the first row of   Figure 3.1  , where the lengths of the 
green bars are scaled to the emissions reductions forthcoming from different sources. 

 Effectiveness of regulatory policies relative to carbon pricing 

 Other rows in   Figure 3.1   illustrate the relative effectiveness of various alternative 
policies; each is scaled such that the emissions reductions for the particular source 
targeted by the policy are the same as those under carbon pricing.  4   Light gray bars 
indicate a source of emissions reduction and dark gray bars indicate policies that 
actually increase emissions (by lowering energy costs). Other policies typically 
have limited effectiveness because they fail to exercise many of the mitigation op-
portunities exploited under carbon pricing. 

 For example, a subsidy for renewable generation fuels misses 75 percent of the 
emissions reductions achieved by carbon pricing. And a vehicle fuel efficiency 
standard misses 93 percent of those reductions. In fact, fuel efficiency regulations 
cause a partially offsetting increase in emissions, by lowering fuel costs per kilo-
meter and thereby increasing driving, though this “rebound effect” appears to be 
relatively modest.  5   

 However a package of regulations can be much more effective than individual 
regulations. For example, a CO 2  per kWh standard will address all opportunities 
to lower CO 2  emissions per kWh in power generation (50 percent of the emissions 

3These assumptions are based approximately on carbon price analyses for the United States in 
Krupnick and others (2010) and Parry, Oates, and Evans (2014). Most of the low-cost mitigation 
options are related to fuel switching in power generation, given the array of alternatives to high-carbon 
coal. In transportation, options for switching from fossil fuels to cleaner fuels remain limited, and 
vehicle fuel efficiency is already encouraged by high fuel prices and fuel efficiency regulations. One 
complication (not considered here) is the possibility that future pledges to penalize carbon emissions 
might, by lowering the future returns to fossil fuel production, accelerate incentives for fuel produc-
tion in the nearer term, thereby undermining some of the emissions benefits. For alternative perspec-
tives on this possibility, see Sinn (2012) and Cairns (2014).
4For example, an electricity tax is assumed to reduce electricity demand by the same amount as a 
carbon tax, and a renewables subsidy is assumed to cause the same emissions reduction (by shifting 
from fossil fuels for generation to renewables) as the carbon tax.
5The illustration assumes this effect offsets 10 percent of fuel savings from improved fuel efficiency, 
based on Small and Van Dender (2006).
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Figure 3.1 Illustrative Sources of Fossil Fuel CO2 Reductions under Different Policies

Sources: Based approximately on analyses for the United States in Krupnick and others (2010) and Parry, Evans, and Oates (2014).
Note: Light gray bars indicate emissions reductions induced by different policies; policies are scaled (when applicable) to have the same effect, for example, on fuel efficiency and electricity demand, as a carbon tax. Dark gray 

bars indicate sources of increased emissions because lower per unit energy costs increase demand for energy-using products (the rebound effect).
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reductions under the carbon tax). If combined with comprehensive policies to 
improve the energy efficiency of vehicles and electricity-using equipment, such a 
package could exploit up to two-thirds of the emissions reductions under the 
carbon tax. But some mitigation opportunities are missed, such as encouraging 
people to drive less. Moreover, regulatory packages can be excessively costly with-
out extensive credit trading (as discussed below), and they do not raise revenue. 

 Targeting the right base 

 Other “proxy” taxes are usually far less effective than carbon pricing (again, see   Fig-
ure 3.1  ). For example, excise taxes on electricity consumption miss 80 percent of the 
mitigation opportunities achieved by carbon pricing. Also prevalent are vehicle own-
ership taxes (sales excises as well as registration fees and annual road charges), but 
these taxes, at least in their simple form unrelated to emissions, miss about 97 percent 
of the mitigation opportunities brought about by carbon pricing in this example.  6   

 Cost Effectiveness: A First Look 

 Besides their effectiveness, the second main rationale for fiscal instruments is that 
they achieve a given environmental improvement at the lowest overall cost to the 
economy. 

 The focus of this discussion is on economic costs, as defined in  Box 3.2 , rather 
than other metrics such as GDP and employment. For now, policies are com-
pared based on a limited definition of cost that ignores important links with the 
broader fiscal system (discussed in the main text below). 

 Environmental taxes (and ETSs) are cost-effective because they promote equal-
ization of incremental mitigation costs across different behavioral responses. For 
example, with the same price on all CO 2  emissions, firms and households alike face 
the same incentives to alter their behavior in ways that reduce emissions up to the 
point at which the cost of the last ton of CO 2  reduced equals the emissions tax. 
ETSs are also cost-effective in this regard (so long as credit trading markets are fluid) 
because they also establish a uniform price on emissions across different sources. 

 Traditional regulatory policies, in contrast, may not perform well on cost-
effectiveness grounds if they require that all firms meet the same standard and 
there is significant variation in pollution intensity among firms (implying it is 
much more costly for some to meet the standard than others). Credit trading in 
fluid markets is required to make these policies cost-effective, including provi-
sions allowing the following:  7   

 • Firms, such as generators with relatively emissions-intensive plants, to fall 
short of the standard (e.g., a limit on average emissions per kWh produced) 

6This assumes (based on Fischer, Parry, and Harrington, 2007) that one-third of the reduction in 
driving in response to higher fuel prices comes from reduced vehicle ownership and two-thirds from 
reductions in kilometers driven per vehicle (a vehicle excise tax only induces the first response).
7Empirical studies (see, e.g., Newell and Stavins, 2003, and the references contained in their footnote 2) 
have documented cases of substantial cost savings from these types of flexibility provisions.
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by purchasing credits from other firms that have relatively clean plants that 
exceed the standard 

 • Firms to trade credits across different regulatory programs, thereby estab-
lishing a uniform emissions price across all sectors covered by regulation. 

  BOX 3.2  

 Defining Economic Costs 
 The economic costs of environmental policies refer to the costs or benefits of the 
various ways households and firms respond to the policy, both directly (e.g., 
through responses to higher fuel prices) and indirectly (e.g., through the responses 
to broader taxes that might be reduced because of the increase in environmental tax 
revenues). 

 Staying with the carbon pricing example, the costs of the direct behavioral responses 
include, for example 

•  Higher production costs to power generators from using cleaner, but more expen-
sive, fuels 

•  Costs to households from driving less than they would otherwise prefer (the value 
of trips forgone, less savings in time and fuel costs) 

•  Costs to firms and households from switching to more energy-efficient vehicles, 
appliances, machinery, and so on—that is, the upfront purchase costs less the life 
cycle savings in fuel costs. 

 More generally, higher energy and transportation costs tend to slightly contract the 
overall level of economic activity, which, in turn, may slightly reduce economy-wide 
employment and investment. As discussed in the main text below, employment and 
investment levels are already distorted by taxes on work effort and capital accumula-
tion, and environmental policies cause economic costs if they worsen these distortions. 
However, environmental tax revenues provide an offsetting benefit if they are used to 
lower the taxes on work effort and capital accumulation. 

 Economic costs do not include pure dollar transfers between the private sector 
and the government—whatever dollar amount the private sector pays in tax liabil-
ities is offset by a revenue benefit to the government. Economic costs are also 
quite different from job losses in industries burdened by environmental policies (at 
least some of which are made up by other sectors after a, perhaps lengthy, adjust-
ment period)—employment effects do matter for costs, as just noted, but the issue 
is entwined with the employment effects of the broader tax system. Economic 
costs need not be closely related to changes in GDP either (Krupnick and others, 
2010, p. 23). 

 The concept of economic costs has been endorsed by governments around the 
world for purposes of evaluating government spending, tax, and regulatory policies. In 
the United States, for example, a series of executive orders since the 1970s has required 
government agencies to conduct hundreds of cost-benefit assessments a year, based 
on the notion of economic costs, to determine whether major policy initiatives are 
warranted from society’s perspective. 
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  Balancing Benefits and Costs 

 The third attraction of tax and pricing policies—that they can strike the right 
balance between environmental benefits and costs to the economy—requires that 
prices be set equal to their “corrective” levels, that is, equal to incremental envi-
ronmental damage. If prices are less than environmental damage, some socially 
desirable environmental improvements will be forgone; if prices exceed environ-
mental damage, some environmental improvements will be made that are not 
justified by their cost.  8   

 The corrective tax calculations in  Chapter 6  assume that the environmental 
damage per unit is constant (e.g., damage per ton of emissions, or congestion 
costs per vehicle-kilometer traveled). This seems reasonable, for example, for CO 2  
damage, because one country’s emissions in one year add very little to the atmo-
spheric accumulation of greenhouse gases. The assumption might appear more 
questionable for local air pollution, implying, as it does, that the corrective tax 
should be independent of local ambient air pollution, though some justification 
is provided in  Box 3.3 .  

 Constant environmental damage per unit also favors the use of instruments 
that price emissions (but that allow the quantity to vary with changes in energy 
demand, fuel prices, and so on) over instruments that fix the quantity of emis-
sions but allow prices to vary. The latter are more appropriate when the thresholds 
beyond which environmental damage rises sharply are known (Weitzman, 1974), 
though these cases do not seem especially relevant for this volume. 

 Damage per unit also varies across regions within a country, for example, the 
human health effects of air pollution depend on local population exposure. In 
principle, charges could be differentiated according to the location of the emissions 
source, though this complicates administration—mostly because pollution from 
tall smokestacks can be transported great distances ( Chapter 4 ). Moreover, studies 
(e.g., Muller and Mendelsohn, 2009) suggest that imposing an appropriately 
scaled, uniform emissions charge produces the biggest net benefit—   differentiating 
the charge according to region produces additional, but smaller, benefits. 

 The broader macroeconomic impacts of environmental taxes are likely to be mod-
est, at least if revenues are used to lower burdensome taxes on work effort and capital 
accumulation. The short-term macroeconomic impacts could be larger if revenues are 
used to reduce budget deficits, though that would be true of any fiscal consolidation 
measure. The fiscal crisis late in the first decade of the 2000s should not detract from 
efforts to price environmental damage, not least because of their contribution to badly 
needed revenues (Jones and Keen, 2011). 

8Corrective taxes are sometimes called Pigouvian taxes after the economist Arthur Pigou, who first 
recommended them.
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 Environmental Taxes in a Broader Fiscal Context 

 This subsection discusses the distortions to economic activity created by the 
broader fiscal system and how environmental taxes impact these distortions. The 
appropriate treatment of energy products under value-added taxes (VAT) or simi-
lar sales tax systems is discussed in  Box 3.4 , but, assuming normal procedures are 
applied, is not relevant for corrective tax design. 

     Shape of the Air Pollution Damage Function  
 As discussed in  Chapter 4 , some evidence suggests that the relationship between 
environmental damage and ambient air pollution concentrations begins to flatten out 
at higher levels of pollution concentration (because people’s ability to take in more 
pollution becomes saturated). Therefore, the slope of the environmental damage func-
tion is flatter at the high pollution concentration C 1  in   Figure 3.3.1  , compared with the 
slope at the lower concentration level C 0 . Thus, additional pollution emissions do less 
harm at concentration C 1  than at C 0 . 

  Figure 3.3.1  Shape of the Air Pollution Damage Function  
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 This function might suggest that, given other factors, the corrective tax on fuel or 
emissions should be lower, paradoxically, in high-pollution countries. This possibility 
is ignored in this study, however. If corrective taxes of the scale typically estimated 
in this volume were to be introduced, emissions would fall dramatically, most likely 
lowering pollution concentrations below levels at which the damage curve might 
flatten out. 

 BOX 3.3 
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  Taxes on labor income (e.g., personal income and payroll taxes) can cause large 
differences between wages that workers take home and compensation paid by 
firms. As a result, these taxes tend to depress work effort by discouraging labor 
force participation, overtime, effort on the job, investments in human capital, and 
so on. The VAT (and other consumption taxes) has similar effects because it re-
duces the amount of goods that can be purchased from a given amount of work 
effort. 

 Similarly, taxes on corporate income and individual income from savings tend 
to burden the economy by reducing capital accumulation below the level that 
would otherwise occur. 

 Environmental taxes (or similar instruments) interact with these sorts of dis-
tortions in two opposing ways (Goulder, 2002; Parry and Oates, 2000).  9   

 First, because environmental taxes are passed forward into the prices for fuels, 
electricity, transportation, and so on, they tend to contract, albeit very slightly, 
the overall level of economic activity, which, in turn, reduces employment and 
investment. In effect, energy taxes act like implicit taxes on labor and capital, and 
they compound the adverse effects of those taxes. Studies find that the costs of 
environmental taxes (or ETSs) are considerably higher—possibly several times 
higher (Goulder, 2002; Parry and Oates, 1999)—when their adverse effects in 
tax-distorted factor markets are taken into account. 

  BOX 3.4  

 Coverage of Energy Products under the Value-Added 
  Tax (VAT) 
 Leaving aside environmental considerations, basic tax principles suggest that all con-
sumption goods should be included under any VAT (or other general sales tax) system, 
to raise revenues without distorting choices among consumer goods. Intermediate 
inputs should be excluded from VAT to avoid distorting firms’ choices about the mix of 
labor, capital, energy, and material inputs. These principles apply automatically under 
normal VAT systems, so long as intermediate goods are sold to entities paying VAT—
any taxes paid under the VAT for power generation fuels and electricity used by indus-
try are, appropriately, reimbursed. 

 In contrast, any tax rate applying to consumer goods in general should also be 
applied to household purchases of electricity, vehicles, and fuels. Ideally, any VAT 
should apply to fuel prices including corrective taxes, to avoid distorting choices 
among consumption goods, taking account of their full social costs of production. 
Corrective fuel tax estimates reported in  Chapter 6  are before any application of VAT. 

9This discussion abstracts from the possibility of other, nontax, distortions in labor markets, such as 
wage rigidity (e.g., from union power) and chronically deficient demand.
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 Second, however, if environmental tax revenues fund broader tax reductions, 
relatively large economic benefits are produced by increasing incentives for work 
effort and capital accumulation, reducing incentives for informal activity, and 
reducing distortions from tax preferences (e.g., for housing). This offsets most, or 
more than offsets the adverse effects on factor markets from higher energy prices, 
implying moderate costs overall for the economy and perhaps negative costs if 
revenues are used to reduce a particularly distortive tax. Although environmental 
tax revenues are earmarked more often than other taxes, there are notable exam-
ples of environmental tax revenues substituting for other taxes ( Box 3.5 ). Of 
course, there are alternative revenue uses that might yield comparable economic 
benefits, including reducing budget deficits, which, in turn, lowers future tax 
burdens, and funding socially desirable spending.  

 Despite the fiscal dividend, this is not necessarily a reason to set higher tax 
levels—roughly speaking, environmental taxes should be set on environmental 
grounds, with further revenue requirements met through broader fiscal instru-
ments (personal income taxes, VAT, and so forth).   

  BOX 3.5  

 Environmental Tax Shifting in Practice 
 Several countries have introduced, or increased, environment-related taxes while 
simultaneously cutting other taxes: 

•  In the early 1990s, Sweden introduced taxes on oil and natural gas to charge for 
carbon and (for oil) sulfur dioxide and on coal-related sulfur dioxide and industrial 
nitrogen oxide emissions.   These reforms were part of a broader tax-shifting opera-
tion that also strengthened the value-added taxes while reducing taxes on labor 
and traditional energy taxes (on motor fuels and other oil products). 

•  Between 1999 and 2003, Germany increased taxes on transportation fuels and intro-
duced new taxes on natural gas, heating fuels, heavy fuel oil, and primarily residen-
tial electricity consumption. About 85 percent of the revenue was used to fund re-
ductions in employer and employee payroll taxes, about 14 percent was used for 
budget consolidation, and 1 percent for renewable energy programs. 

•  In Australia’s carbon pricing scheme, which covers about 60 percent of carbon diox-
ide emissions, about three-quarters of the allowances are auctioned, with half of this 
revenue used to fund a tripling of personal income tax thresholds. This scheme was 
implemented in 2012, but now looks likely to be scrapped. 

•  From 2008 to 2012, British Columbia progressively introduced a carbon tax covering 
70 percent of fossil fuel emissions, with more than 90 percent of the revenues used 
to fund reductions in personal and corporate taxes. 

 Sources: Department of Climate Change and Energy Efficiency (2011); Government of British 
Columbia (2012, pp. 66). 
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 However, insofar as possible, exploiting the fiscal dividend is critical, given the 
large amount of revenue at stake ( Chapter 6 ). If revenues from environmental 
taxes are not used productively, the overall costs of environmental taxes can be 
substantially higher.  10   

 This last point has some notable policy implications: 
 •  Be wary of earmarking  environmental tax revenues, such as for clean energy 

programs or climate adaptation. Ideally, any earmarked spending should 
generate comparable economic benefits from alternative revenue uses (e.g., 
lowering other tax burdens).  11   

 •  Compensate appropriately : Compensation payments (e.g., for groups espe-
cially vulnerable to higher energy prices) may have high equity and political 
value, but can significantly reduce the overall cost-effectiveness of environ-
mental taxes by reducing revenues for other, perhaps more economically 
efficient, purposes such as cutting other burdensome taxes. Policymakers 
need to evaluate the trade-offs carefully. 

 •  If possible, use compensation schemes that improve economic efficiency:  Tensions 
between compensation and cost-effectiveness might be ameliorated if the 
compensation scheme produces economic benefits. For example, providing 
relief to low-income households through tax reductions (e.g., lowering the 
basic rate of tax, rebating payroll taxes, providing earned income tax credits) 
improves incentives for work effort, whereas transfer payments made regard-
less of work effort do not. 

 Taxes versus ETS: A Quick Look 

 In principle, the choice between emissions taxes and ETS is less important than 
implementing one of them and getting the design details right. The most impor-
tant of these details are the following: 

 • Comprehensively covering the sources of environmental harm 
 • Prudently using the fiscal dividend 
 • Scaling program stringency to environmental damage 
 • Establishing stable and predictable prices. 

10In fact, environmental taxes can lose their cost-effectiveness advantage over regulatory alternatives 
(Goulder and others, 1999; Parry and Williams, 2012). Environmental taxes can cause larger increases 
in energy prices (because they involve the pass-through of tax revenues in higher prices) than regula-
tory policies (which do not raise revenues): the larger the increase in energy prices, the larger the ad-
verse effects on tax-distorted factor markets—and hence the need to offset these higher costs with 
productive use of revenues.
11Another problem with earmarking is that there is no relationship between the economically appro-
priate amount of spending on clean energy or related programs and the amount of revenues raised by 
a corrective environmental tax. The tendency with earmarked revenues has been to set tax levels to 
meet spending requirements, resulting in tax rates frequently well below levels needed to correct for 
environmental damage (Opschoor and Vos, 1989).
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 The importance of the first three design features was discussed above. 
 The fourth helps to contain program costs. Pure ETS systems carry the danger 

that either the cap will be too low at a given time (e.g., because energy 
demand turns out to be lower than expected), in which case emissions prices are 
depressed and low-cost mitigation opportunities forgone, or the cap will be too 
tight, such as in periods of high energy demand, in which case emissions prices and 
mitigation costs are excessive. A predictable and rising emissions price also fosters 
expectations that policy will be sustained, which is important for clean technology 
development and deployment (especially technologies with high upfront costs and 
long-range returns). Predictable prices also reduce uncertainty about revenues. 
Price volatility has been a problem in some trading systems, for example, in the 
European Union where futures prices reached €30/ton of CO 2  in 2006 and 2008, 
but fell to less than €5/ton in 2007 and again in 2013 (  Figure 3.2  ). 

 Striving for price stability implies a political trade-off, however, given that 
emissions vary from year to year—to date, climate policy goals have usually been 
expressed as annual emissions levels rather than price targets.  12   

Figure 3.2 Price Experience in the European Union Emissions Trading System

0

5

10

15

20

25

30

Apr 22,
2005

Apr 22,
2007

Apr 22,
2009

Apr 22,
2011

Apr 22,
2013

C
O

2 
fu

tu
re

s 
pr

ic
e,

 e
ur

os
 p

er
 to

n

Source: Bloomberg (2013) EU-ETS futures series “MO1 Comdty.”
Note: CO2 = carbon dioxide.

12“Carbon budgets” are a possible compromise between emissions targets and price targets. Carbon 
budgets would specify allowable emissions cumulated over a long period (say 10 years), but allow 
year-to-year variability in emissions. They could be implemented through a carbon tax whose rate 
might be adjusted later in the budget period if cumulative emissions would not otherwise be on track 
to stay within budget.
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 Appropriately designed environmental taxes naturally meet the four design 
features. So do ETSs if allowances are auctioned and price stability provisions 
such as price floors and ceilings are included.  13   

 In practice, a carbon tax seems to be the instrument more likely to fully exploit 
the fiscal dividend because it would presumably be administered by a finance 
ministry, for example, as an extension of existing motor fuel excises to other pe-
troleum products, coal, and natural gas. An environmental agency administering 
an ETS might be reluctant or legally unable to remit all revenues from allowance 
auctions to the finance ministry. 

 Tax and pure ETS systems can also interact differently with other climate-related 
policies. For example, policies to promote renewables and energy efficiency will 
not affect emissions if emissions are held fixed by a cap—instead, they lower emis-
sions prices (if there is no price floor) and the potential fiscal dividend from an 
ETS.  14   In the presence of carbon taxes, however, other policies reduce emissions 
(rather than the emissions price, which is fixed by the tax) and therefore tend to 
have a much weaker impact on reducing revenues. 

 It has been suggested that an ETS is the more natural instrument for chan-
neling climate finance to developing countries because it can be combined with 
offset programs. Offsets could be included under a tax, however—tax credits 
could be awarded to domestic fuel suppliers for funding climate mitigation 
projects in developing countries. Again, offset provisions, assuming they pro-
mote genuine emissions reductions as opposed to reductions that would have 
occurred anyway, improve environmental effectiveness under a tax without 
substantially reducing revenues. But under an ETS with no price floor, offset 
provisions lower the emissions price and carbon pricing revenues with no effect 
on total emissions. 

 FURTHER DESIGN ISSUES 
 Several complicating factors are now considered, relating to overlapping environ-
mental problems, the interactions with and roles of other policies, measures to 
improve the acceptability of policy reform, and relevance for low-income coun-
tries. Further issues are touched on in  Box 3.6 . 

  Multiple Environmental Problems 

 As discussed in  Chapter 2 , energy and transportation systems cause more than 
one source of environmental harm—fuel combustion leads to both carbon 

13Studies for the United States (Fell, MacKenzie, and Pizer, 2008) suggest that an ETS scaled to 
achieve the same cumulative emissions reduction as a carbon tax would be moderately (about 
15 percent) more costly over time if the ETS lacked price stability provisions.
14In practice, however, policymakers may be more willing to tighten an emissions cap if emissions 
prices are reduced through other policies.
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  BOX 3.6  

 Unintended Consequences and Market Price Distortions 
 This box discusses examples of unintended consequences from tax reform and the 
implications of market price distortions. An illustration of unintended consequences is 
when environmental taxes cause increased use of substitute fuels with environmen-
tally harmful effects that cannot themselves be priced. 

 For example, fossil fuel taxes can lead to excessive reliance on nuclear power, with its 
consequent risks of meltdowns and unsafe waste disposal. In the absence of effective 
regulatory and liability frameworks to adequately minimize these risks (they are diffi-
cult to address through taxes on nuclear power, primarily because of uncertainty about 
the probability and scale of disasters), taxes on fossil fuels for generation should be 
phased in more cautiously. Similar issues arise if heavy taxation of coal use leads to 
extraction of domestic shale gas reserves, which, without safeguards, could pose sig-
nificant environmental risks (e.g., from groundwater pollution or escape of methane—
a potent greenhouse gas). 

 To take another very specific example, fine particulate concentrations are espe-
cially high in Ulaanbaatar, Mongolia as the result of coal use for winter home heat-
ing. However, if residential coal prices were significantly increased through taxation, 
households may be induced to instead burn highly toxic plastics, rubber, or other 
difficult-to-price garbage, with possibly even worse consequences for human 
health (World Bank, 2011). The problem is the lack of viable cleaner alternative 
fuels—until such alternatives, perhaps imported oil or liquefied natural gas, are 
provided, high residential coal taxes may not make sense (although taxation of coal 
for power generation should not be precluded). In principle, the corrective fuel tax 
in this instance would be adjusted downward by the increase in the use of other 
fuels per unit decrease in the taxed fuel, times the per unit environmental damage 
from the other fuel. 

 Another example is related to tax competition. Higher diesel fuel taxes in one 
European country could induce truckers to refuel in neighboring countries with lower 
tax rates, offsetting some of the domestic pollution and congestion benefits. One 
response is for countries to coordinate their minimum fuel tax rates (T&E, 2011). 
Another is to partially transition to kilometer-based tolls that truckers must pay regard-
less of where they purchase fuel. 

 Environmental taxes can also interact with market price distortions. If, because of 
limited competition, product prices exceed per unit production costs, consumption of 
the product will be too low from an economic perspective. In principle, a lower envi-
ronmental tax affecting such an industry might be called for, though in practice any 
adjustments may be very modest (Oates and Strassmann, 1984). In other cases, such as 
at state-owned enterprises, product prices may fall short of per unit production costs, 
though whether this justifies tax levels significantly higher than environmental dam-
age is an open question (especially because of lack of transparency about the extent 
of price distortions). In either of these cases, however, the ideal policy would be to 
remove the market price distortion and set the environmental tax on environmental 
grounds. 
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emissions and local air pollutants, while broader adverse side effects of vehicle use 
include, for example, road congestion. The implications for fiscal policy design 
are discussed below, taking in turn power generation, heating, and transportation 
fuels. 

 Power generation fuels 

 Fossil fuel combustion at power plants causes carbon emissions and local air pol-
lutants, the most important of which is fine particulates (particulate matter with 
diameter of up to 2.5 micrometers, or PM 2.5 ). These particulates are emitted di-
rectly (e.g., during coal combustion) and are formed indirectly from chemical 
transformations of sulfur dioxide (SO 2 ) in the atmosphere, and to a lesser extent 
(because it is less reactive), nitrogen oxides (NO x ). SO 2  is primarily caused by coal 
combustion, and NO x  is produced from all fossil fuels. 

 Damage from these emissions is generally additive (with some caveats—see 
 Chapter 4 ) and can be addressed either through taxes imposed on fuel supply 
in proportion to emissions factors (with appropriate crediting for any emis-
sions capture at the point of fuel combustion) or taxes imposed directly on 
emissions. 

 For coal, the appropriate set of charges on fuel input at power plants includes 
the following four charges: 

 • Tons of CO 2  per unit of energy times damage per ton of CO 2  
 • Tons of PM 2.5  per unit of energy times damage per ton of PM 2.5  
 • Tons of SO 2  per unit of energy times damage per ton of SO 2  
 • Tons of NO x  per unit of energy times damage per ton of NO x  

 Emission rates are defined with respect to energy rather than tons of coal given 
the variation in energy content across different coal types (discussed in  Chap-
ter 4 ). Default charges could reflect emission rates before any application of emis-
sions control technologies—for which reasonable data are generally available by 
country from independent sources ( Chapter 4 )—with the onus on the plant op-
erator to demonstrate, through use of continuous emissions monitoring technolo-
gies, any reduction in emission rates from application of control technologies to 
receive an appropriate tax credit. 

 Alternatively, if charges are levied on emissions rather than fuel input, the 
appropriate rate per ton of emissions would simply reflect environmental dam-
age per ton, with separate charges applicable to each of the four pollutants. 
This approach might be more complex to monitor and enforce because govern-
ments need to assemble local air emissions data themselves by ensuring that  
 all plants install, and correctly operate, continuous emissions monitoring 
technologies. 

 The same design principles apply to natural gas plants, though emissions dam-
age is much lower, and charges for primary particulates and SO 2  may not be 
needed because the emission rates for these pollutants are, at most, very small. 
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 Heating fuels 

 A fuel charge is likely the preferred regime for heating fuels such as natural gas, 
given the large number of small-scale emissions sources in the household sector. 
Again, the same principles for aggregating over emissions sources (though perhaps 
for just CO 2  and NO x ) as just discussed would apply. 

 Transportation 

 Fuel taxes are discussed first (the focus of this volume) followed by kilometer-
based taxes, which are a possibility for the longer term. 

  Motor fuel taxes:  Consider first gasoline taxes for passenger vehicles, for which 
there are four main environmental side effects: CO 2 , local air pollution, traffic 
congestion, and traffic accidents.  15   

 If fuel taxes are the only fiscal instrument available, the corrective tax, ex-
pressed in fuel units following normal practice, is given by Parry and Small 
(2005): 

      [CO 2  damage per liter]   (3.1) 
 + 

 [(congestion, accident, and local pollution costs imposed on others per extra 
kilometer of driving) 

 × 
 (kilometers per liter) 

 × 
 (fraction of the fuel reduction resulting from reduced driving rather than from 

higher fuel efficiency)] 

 The first component in this formula charges for CO 2  emissions and is calculated by 
CO 2  emissions per liter—essentially the same for gasoline across all countries  16  —
times CO 2  damage per ton. 

 The second component reflects effects varying with vehicle-kilometers—
congestion, accidents, and local pollution (see below)—rather than fuel use. 
Multiplying their combined, economy-wide average costs per kilometer by fuel 
efficiency (kilometer per liter) expresses the effects in costs per liter.  17   

 Distance-related costs are also multiplied by the fraction of the tax-induced 
reduction in gasoline use resulting from reduced driving, as opposed to the 

15For further discussion of these side effects, see de Borger and Proost (2001); CE Delft, Infras, and 
Faaunhofer ISI (2011); Delucchi (2000); Maibach and others (2008); Quinet (2004); Santos and 
others (2010); US FHWA (1997).
16This discussion focuses on the taxation of pure gasoline and leaves aside the taxation of ethanol 
(which is sometimes blended with gasoline) and compressed natural gas, both of which are relevant 
for specific countries.
17Ideally, account should be taken of how fuel efficiency responds to changes in fuel taxes, though for 
simplicity the calculations below omit this complication.
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fraction resulting from fuel efficiency improvements. (As a rough rule of thumb 
this fraction is 0.5.) The smaller this first fraction, the smaller the benefits per liter 
of fuel for reduced congestion, accident, and local pollution, implying a smaller 
corrective fuel tax would be appropriate. 

 Note that in the second component in equation (3.1) costs could alternatively 
be expressed per unit of fuel use, rather than per kilometer, skipping the need to 
measure fuel efficiency (for which accurate data are often lacking)—so long as 
these costs are scaled by the driving fraction of the fuel response. 

 For gasoline (as for natural gas) the major local air pollutant is NO x . Equa-
tion (3.1) assumes that reductions in kilometers driven reduce these emissions, 
while fuel efficiency improvements do not. This assumption is reasonable in 
countries such as the United States, where the same emissions per kilometer (or 
mile) standards are imposed on all vehicles, irrespective of their fuel efficiency, 
and emission rates are maintained, at least to some extent, throughout the vehicle 
life by inspections programs (Fischer, Parry, and Harrington, 2007). In countries 
lacking these regulations, local emissions would instead be proportional to fuel 
use, and would therefore enter the first component in equation (3.1). 

 Equation (3.1) applies to motor diesel used by commercial trucks, but with some 
modifications (aside from different input values). Local air emissions from trucks 
have not traditionally been regulated on an emissions per kilometer basis and are 
therefore proportional to fuel use (i.e., they should not be multiplied by the driving 
portion of the fuel demand response). In addition, trucks are almost entirely respon-
sible for vehicle-induced wear and tear on roads given that road damage is a rapidly 
escalating function of a vehicle’s axle weight (Evans, Winston, and Small, 1989), 
and this damage should enter the second component of the corrective fuel tax.  18   

 In practice motor diesel is used by both cars and trucks. Given administrative 
complications in differentiating the price at the pump paid by these different 
vehicles, the main corrective tax estimates presented in this analysis average car 
and truck fuel use, though it turns out not much differentiation would be war-
ranted anyway. However, a much lower tax rate would be appropriate for off-road 
uses of diesel, such as in farm and construction vehicles, though differentiation in 
this case is more feasible (e.g., by putting dyes into fuels). 

  Distance-based taxes : In the longer term, countries ideally should be partially 
shifting away from fuel taxes toward kilometer-based taxes to more effectively 
address side effects that vary directly with distance traveled (Johnson, Leicester, 
and Stoye, 2012). 

 For congestion, per kilometer tolls on busy roads that progressively rise and 
fall during the course of the rush hour exploit all possibilities, given existing 
transportation infrastructure, for inducing behavioral changes to alleviate conges-
tion (see  Box 3.1 ). 

 For accidents, per kilometer charges might be scaled according to driver risks 
(e.g., higher for those with higher insurance company rating factors based on age, 

18Noise is sometimes discussed as another adverse side effect from trucks, though is ignored here be-
cause the damage costs appear modest relative to other effects (US FHWA, 2000).
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prior crash records, and the like) and perhaps would be higher for larger vehicles 
posing greater crash risks to others.  19   Even for local air emissions, a better correc-
tive tax might be a per kilometer toll, the rate for which depends on the emissions 
characteristics of the vehicle and on local population exposure to those 
emissions. 

 Finally, road damage is most efficiently addressed through per kilometer tolls 
on heavy trucks, scaled by their axle weight, which would encourage truckers to 
seek vehicle fleets that carry goods efficiently over more axles. 

 Thus, in principle, the ideal fiscal system for motor vehicle transport would 
involve charging motorists for each kilometer driven, and the charge would be 
scaled according to factors affecting the congestion, accident, local pollution, and 
possible road damage costs imposed on others by that kilometer driven, and a fuel 
tax component would be retained to address carbon emissions. Developments in 
metering technologies such as global positioning systems (GPS) suggest that 
kilometer-based tax systems are now feasible (see  Box 3.7 ). The trade-offs 
between policy effectiveness and administration costs need careful study, 
however—for example, extra administration required to fine-tune local kilometer 
charges to emission rates and population exposure may not be worthwhile if 
emissions are being controlled effectively by direct regulations.  

  BOX 3.7  

 Examples of Distance-Based Charging for Vehicles 
 This box describes some examples of per kilometer charging systems; only the last is a 
nationwide scheme. 

 Singapore introduced an area license (or day-pass) scheme in 1975 that dramatically 
raised travel speeds within the restricted zone, though also initially increased conges-
tion outside of the zone (Santos, 2005). In 1998 area licensing was replaced with an 
electronically debited toll on certain links, with the objective of maintaining average 
speeds of 30–40 miles per hour on expressways and 12–18 miles per hour on major 
roads. Charges rise and fall in 30-minute steps during peak periods, based on conges-
tion levels observed in the previous quarter. 

 Norway experimented with cordon tolling, though with little effect on congestion 
given that the objective was to raise a modest amount of transportation revenue 
rather than deter congestion. 

 London introduced an area licensing scheme in 2003 with a daily congestion charge 
on weekdays of £8. Collection is enabled by video cameras at checkpoints into and 
within the priced area that record each vehicle’s license plate. Penalties are mailed to 
drivers who have not prepaid. In the first two years, congestion fell 30 percent within 

19Distance-based charges for congestion and accidents should apply equally to similar-size vehicles, 
regardless of their fuel type or fuel efficiency (i.e., besides traditional fuel vehicles they should also 
cover hybrid, electric, and natural gas vehicles).

©International Monetary Fund. Not for Redistribution



 50 Getting Energy Prices Right: From Principle to Practice

 Given that widespread applications of kilometer-based taxes appear to be a 
long way off,  20   in the interim it is still appropriate (it produces significant net 
economic benefits) to reflect all adverse side effects of vehicle use in fuel taxes. 

 Implications of Other Policies for Environmental Tax Design 

 The discussion now turns to a variety of other commonly implemented, mostly 
regulatory, policies aimed at reducing fossil fuel emissions and that may have 
implications for the impact or design of environmental taxes.  21   

  Renewables and energy efficiency regulations:  Renewables and energy efficiency 
regulations (for the power sector) do not affect environmental damage per unit of 
coal or natural gas and therefore do not change corrective taxes for these fuels. Their 
effect is to reduce environmental benefits from tax reform because some of the 
potential behavioral responses (shifting from fossil fuels to renewables, adoption of 
electricity-saving technologies) will already have been induced by the regulation. 

  Emissions trading systems (ETSs):  Taking the example of a carbon tax, if the tax 
is targeted to the same base to which an ETS (without price floors) already 

the priced zone, though by 2008 average speeds had fallen back to previous levels 
because of more traffic from exempt vehicles and because some roads were reserved 
for the exclusive use of buses, pedestrians, and cyclists (Transport for London, 2008). A 
similar scheme now operates in Milan, with a fixed daily charge of €5. 

 Stockholm implemented a cordon toll in 2007 covering an area of about 36 square 
kilometers (again, enforcement is based on license plate recognition). Fees for passing 
the cordon vary between 10 and 20 Swedish krona with time of day, though some 
vehicles are exempted (emergency vehicles, buses, motorcycles, alternative fuel vehi-
cles). Congestion initially dropped by 50 percent on the main routes approaching the 
city center, and 20 percent within the city center, though it subsequently deteriorated 
(Eliasson, 2009). 

 Congestion pricing is gaining limited momentum in the United States, with federal 
funding for pilot schemes under the Value Pricing Program and the reduction of regu-
latory obstacles to freeway pricing. Some schemes open up links previously reserved 
for high-occupancy vehicles to single-occupant vehicles in exchange for a fee (e.g., 
Interstate 15 in San Diego, California) while others use tolls to fund new infrastructure 
(e.g., lanes added to State Route 91 in Orange County, California, in 1995). 

 Germany introduced a nationwide tolling system (metered by GPS) for highway use 
by trucks weighing 12 tons or more in 2005. Charges vary between €0.14 and €0.20 per 
kilometer according to vehicle type, number of axles, and emission rates—eventually, 
the tolls will also vary with time of day and region. 

20For example, proposals for nationwide distance-based taxes in the Netherlands and the United 
Kingdom have been put on hold.
21Subsidies for fossil fuel consumption are not considered here because they act like negative fuel taxes 
(though existing subsidies are factored into estimates of the impacts of policy reform in Chapter 6).
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applies, the tax will reduce allowance prices rather than affect emissions (which 
are fixed by the cap). On net, government revenues from the tax and the ETS 
should be unaffected if allowances are auctioned, or increased if allowances are 
freely allocated. In the latter case, the tax appropriates rents that would otherwise 
have accrued to allowance holders.  22   

  Air emissions regulations:  Regulations may include requirements that new 
plants incorporate control technologies, such as flue gas desulfurization technolo-
gies, or maximum allowable rates for emissions per kWh averaged across genera-
tors’ plants (see  Box  3.1 ). Again, these policies do not affect the appropriate 
charge per ton for the remaining emissions, though they do affect the appropriate 
tax credit needed to reflect differences between uncontrolled and controlled emis-
sion rates in a fuel charge system. They also shave off some of the effectiveness of 
emissions charges. 

  Vehicle fuel efficiency and emissions standards:  Fuel efficiency standards also 
dampen some of the environmental effectiveness of fuel taxes. In addition, they can 
raise corrective motor fuel taxes by increasing the fraction of a given tax-induced 
reduction in fuel use that comes from reduced driving, thereby multiplying the 
contribution of kilometer-related costs to the corrective fuel tax (based on equa-
tion (3.1)). Emissions per kilometer standards (applied to new vehicles) have the 
opposite effect: by reducing average emission rates they lower the local pollution 
component of the corrective fuel tax. 

 Other Policies to Address the Limits of Environmental Taxes 

 Regulatory policies could potentially complement environmental taxes, for ex-
ample, if practical constraints reduce the ability to implement pricing reforms, or 
if the policies promote responses beyond the reach of fuel taxes (e.g., emissions 
regulations encourage vehicle manufacturers to reduce emissions per liter, whereas 
fuel taxes do not). This subsection briefly discusses the design of these policies, 
focusing first on traditional regulations and then on more novel policies. 

 Traditional regulatory approaches 

 Desirable features of regulatory policies include the following: 
 • Broad coverage to promote the widest possible range of opportunities for 

reducing environmental harm. As mentioned earlier, for example, a CO 2  per 
kWh standard for power generation is much more effective than a renew-
ables policy, because the emissions standard addresses all fuel-switching 
possibilities to reduce emissions rather than just a shift to renewables. 

 • Credit trading provisions to allow some firms to fall short of the standard, 
especially if meeting the standard is prohibitively costly, by purchasing cred-
its from other firms that exceed the standard. 

22This occurs in the European Union ETS because the U.K. government collects revenue from its 
carbon tax floor partly at the expense of allowance holders elsewhere in the European Union.
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 • Price ceilings and floors (despite their tendency to reduce the urgency of 
credit trading provisions). The ceiling allows firms to pay fees instead of 
fully meeting the standard, which they might do in periods when compli-
ance costs are relatively high, while the floor allows firms to receive subsidies 
if they exceed the standard in periods when compliance costs are relatively 
low. Ideally, these price ceilings and floors would be harmonized across dif-
ferent regulations and they would be set so implicit prices on emissions are 
in line with estimated environmental damage. 

 These price-stability features would make regulations look more like corrective 
environmental taxes. However, regulations would still differ from taxes in that 
they do not exploit all emissions mitigation opportunities, and they do not, on 
average, increase revenue. They might be more politically acceptable, however, 
because they have smaller impacts on energy prices given that they do not involve 
the pass-through of taxes in higher prices. 

 Novel alternatives to environmental taxes 

 More novel options for mimicking the effects of environmental taxes, again with-
out a large, politically difficult increase in energy or product prices, are considered 
below. 

 “Feebates” are a combination of fees and rebates. Such policies have mainly 
been discussed as an alternative to CO 2  emissions per kilometer (or equivalently, 
fuel efficiency) standards on new vehicles (Small, 2010). Feebates would involve 
a fee on new vehicles with above-average CO 2  per kilometer and a rebate to ve-
hicles with below-average CO 2  per kilometer, and fees and rebates are levied in 
proportion to the difference between the vehicle’s CO 2  per kilometer and some 
“pivot point.” If the pivot point is the average CO 2  per kilometer of, say, last year’s 
new vehicle fleet, the policy would be approximately revenue neutral. If revenue 
from vehicles is a priority, perhaps because of constraints on broader fiscal instru-
ments, feebates can be combined with vehicle excise taxes (see  Box 3.8 ).  

  BOX 3.8 

Reconciling Fiscal and Environmental Objectives in Vehicle 
Taxation 
 Vehicle excise taxes are often related to CO 2  per kilometer, with vehicles classified into 
different brackets and more favorable taxes applied to the lower emission rate brack-
ets. These excise taxes are an improvement over tax systems related to engine capacity 
because they address some emissions-saving opportunities (e.g., reducing vehicle 
weight or improving rolling resistance) that the latter do not. 

 But one problem with these schemes is that they set up a tension between revenue 
and environmental objectives—the more successful the policy in shifting people to 
lower emissions vehicles, the lower the tax receipts. Moreover, tax brackets do not 
provide ongoing incentives for manufacturers to reduce the emission rate of the 
vehicle once it has fallen into the next lower tax bracket. 
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 Feebates might also be used to reduce the emissions intensity of power genera-
tion. Generators with high emissions intensity would pay fees in proportion to 
the difference between their emissions per kWh (averaged over their portfolio of 
plants) and a pivot point emissions per kWh, while generators with low emissions 
intensity would receive corresponding rebates. 

 Feebates have several attractive features, although regulations can have similar 
merits if accompanied by design features such as price ceilings and floors. 

 First, feebates are cost-effective because all firms face the same rewards for re-
ducing emissions. Second, feebates automatically provide ongoing incentives to 
continually reduce emissions, whereas traditional regulations do not, because 
once firms have met the standard they have no incentives to exceed it. Third, fees 
and rebates can be set such that the implicit reward for reducing emissions ap-
proximately reflects environmental damage. Fourth, they create some winners 
(those receiving subsidies) in the affected industry, which could help with 
acceptability. 

 Another novel policy—one that encourages people to drive less (a response that is 
difficult to regulate) and without a politically difficult increase in tax burden for the 
average motorist—is to change automobile insurance from lump-sum payments into 
payments proportional to kilometers driven. This possibility is discussed in  Box 3.9 .  

 Both problems are avoided by combining an ad valorem tax on vehicle sales with a 
feebate. The tax provides a stable source of revenue that does not decline as emission 
rates fall, and it does not distort the choice among vehicles because all vehicle prices 
rise in the same proportion. In addition, the feebate provides ongoing rewards for all 
opportunities to reduce emission rates for all vehicles. 

  BOX 3.9 

Pay-as-You-Drive Auto Insurance 
 One promising way to reduce vehicle-kilometers traveled in countries with well-
established automobile insurance systems—but in which premiums take the form of 
lump-sum annual payments—is to transition to pay-as-you-drive (PAYD) insurance, 
under which premiums vary in proportion to the policyholder’s annual kilometers. 1  
Existing rating factors, as determined by insurance companies, would be used to set 
per kilometer charges for different drivers: inexperienced drivers, or those with prior 
crash records, for example, would pay higher per kilometer charges. This approach 
would maximize the road safety benefits because those with the greatest crash risks 
would have the greatest incentives to drive less. 

 The transition to PAYD could occur on a voluntary basis, with the government kick-
starting the process using tax incentives. 2  Drivers with below-average annual kilome-
ters would have the strongest incentives to take up PAYD (under the current system, 
low-kilometer drivers subsidize high-kilometer drivers) and as they switched, premiums 
would rise (to maintain insurance company profits) for the remaining pool of drivers 
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with lump-sum insurance, encouraging further shifting to PAYD. Global positioning 
systems and nearly tamperproof odometers (with appropriate safeguards) now provide 
a potentially reliable and accurate way to collect information on kilometers driven. 

  1 Existing systems often provide a modest discount for drivers with annual kilometers below a cer-
tain threshold. However, if motorists are below, or well above, this threshold they have no incentive 
to reduce driving. 
  2 Government incentives may be needed to overcome obstacles to the private development of 
PAYD. When an insurer charges by the kilometer, its costs are reduced to the extent that its own 
customers reduce their accident risk by driving less. However, the costs to other insurance compa-
nies also are lowered because the risk of two-car accidents for their own customers is lower but 
savings cannot be captured by the company offering the kilometer-based insurance. 

 Policies to Address Obstacles to Clean Technologies 

 Even if corrective environmental taxes are feasible, most likely, owing to various 
obstacles that prevent sufficient investment in clean technologies, they are not 
sufficient. However, addressing technology barriers is largely tangential to the 
focus here on environmental tax design. 

 First, the most important policy, meaning the one yielding the biggest net 
benefits, usually is getting the prices right through corrective fiscal instruments, 
mainly because doing so provides across-the-board incentives for clean technol-
ogy development and deployment. Further innovation incentives can yield sig-
nificant, additional benefits, though studies suggest they are on a smaller scale 
(Goulder and Mathai, 2000; Nordhaus, 2002; Parry, Evans, and Oates, 2014; and 
Parry, Pizer, and Fischer, 2003).  23   

 Second, because barriers vary in severity across different technologies, targeted 
measures are called for rather than setting environmental taxes in excess of envi-
ronmental damage, which would encourage all technologies equally.  24   

 The remainder of this subsection discusses the nature of technology barriers 
and possible responses, to complement environmental taxes, in the context of 
private sector research and development (R&D) and technology deployment.  25   

23A caveat is that delaying clean technology transitions is costly—and the costs grow if economies be-
come even more locked into emissions-intensive capital and infrastructure (Acemoglu and others, 2012).
24Studies indicate that it is much less costly to promote emissions reductions and cleaner technologies 
by combining environmental taxes with technology incentives, rather than relying exclusively on taxes 
(Goulder and Schneider 1999; Fischer and Newell, 2008).
25Governments also conduct basic research into new technologies, the fruits of which are then used 
by the private sector. For example, the U.S. federal government spends about $4 billion a year on 
energy-related technologies, though a number of analysts believe that significantly more spending is 
warranted (Newell, 2008).
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 The focus is on altering private sector investment behavior rather than public 
investment (in transportation systems, fuel distribution infrastructure, smart 
grids, and the like). Generally, public investments should be warranted on cost-
benefit criteria, taking into account their potential role in enhancing the effective-
ness of environmental taxes, for example, by providing commuters with public 
transit alternatives (World Bank, 2012). 

 R&D 

 Private R&D into cleaner technologies is inadequate, even with corrective envi-
ronmental taxes, when innovators are unable to capture the new technologies’ 
benefits that spill over to other firms that might copy them or use them to further 
their own research programs. Uncertainty about future policy also makes firms 
hesitant to invest in new technologies. Although similar barriers might apply to 
technology development in other sectors, they seem especially severe for cleaner 
energy technologies (e.g., renewables plants) where upfront costs are often large 
and emissions reductions may persist for several decades; even with adequate cor-
rective taxes now, tax rates in the far future are inherently uncertain. 

 One technology instrument is R&D subsidies, such as tax credits, though 
subsidies do not distinguish between more promising and not so promising re-
search possibilities. Granting intellectual property rights is better in this respect, 
because the value of the patent depends on the commercial viability of the tech-
nology. But patents set up a tension between R&D incentives and diffusion—if 
it is easy for other firms to “imitate around” the patented technology, new tech-
nologies are more easily diffused, but returns to the original innovator are under-
mined. Prizes for new technologies may be a useful supplement because they 
avoid this tension. Awards for critical new technologies might be based on objec-
tive analysis (estimating, for example, how much the technology helps lower the 
costs of meeting climate objectives), or smaller rewards, based on potential emis-
sions reductions, might be paid to the innovator each time the technology is ad-
opted by another firm. 

 Technology deployment 

 Clean technologies may also be deployed insufficiently, despite emissions pricing 
and R&D incentives, for several reasons beyond future policy uncertainty. For 
example, individual firms may be reluctant to pioneer the use of an immature 
technology because they will incur the costs associated with learning how to use 
it reliably and efficiently, while benefits from this learning partially accrue to 
other firms that subsequently adopt the technology. And a variety of problems 
could arise at the household level, though the basis for policy intervention re-
mains contentious (see  Box 3.10 ). 
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  BOX 3.10 

The Energy Paradox Controversy 
 The “energy paradox” refers to the observation that seemingly cost-effective energy-
saving technologies, whose lifetime fuel savings discounted at market rates exceed 
their upfront purchase and installation costs, are not always adopted in the market-
place. 

 Numerous explanations have been proposed for this phenomenon, many of which 
may justify policy action. For example, consumers may have limited information, lim-
ited ability to calculate future energy costs from the information they have, or may 
have more product characteristics to consider than they can process, and so omit 
energy savings. They may also be mistrustful of claimed energy cost savings, doubtful 
about future fuel prices, or short-sighted in their assessment of the future. Information 
gaps in second-hand product markets could perpetuate such short-sightedness by not 
allowing people to reap the full advantage of higher energy efficiency when selling 
used products. Consumers may also be subject to borrowing constraints causing them 
to underinvest in energy-saving technologies relative to what would be desirable from 
society’s perspective. 

 Other explanations, however, do not warrant policy intervention. For example, the 
observed reluctance of consumers to pay for more-energy-efficient products may 
reflect their awareness of possible undesirable side effects, such as reduced accelera-
tion for cars, inferior quality of lighting for fluorescent bulbs compared with incandes-
cent, or greater likelihood of these products to need repairs. 

 However, evidence on the extent to which energy efficiency is undervalued, and if 
so, the extent of warranted policy intervention, remains inconclusive, making it diffi-
cult to draw solid recommendations about the appropriate role of additional policies 
to address the energy paradox (Allcott and Wozny, 2012; Busse, Knittel, and Zettelmeyer, 
2012; Gillingham, Newell, and Palmer, 2009; Helfand and Wolverton, 2011; Huntington, 
2011; Parry, Evans, and Oates, 2014; Sallee, 2013). 

  Although additional instruments to spur technology deployment are likely 
needed, their appropriate form, scale, and phasing in can be tricky to judge. In-
terventions might include supplementary measures such as feebates or regulations 
to improve vehicle fuel efficiency or to encourage the penetration of renewables 
or other technologies. In the latter case, adoption subsidies might be better than 
regulations that force in the technology regardless of economic conditions; con-
sistent with the previous discussion, subsidies allow firms the flexibility to deploy 
the technology on a more limited basis should its costs turn out to be greater 
(relative to other options) than initially expected. 

 Overcoming Obstacles to Environmental Tax Reform 

 Implementing environmental tax reform is challenging, and one reason is opposi-
tion to higher energy prices. As noted in  Chapter 2 , rather than tax fossil fuel 
energy, many countries subsidize it, to the tune of $490 billion in 2011. More-
over, even in countries that tax energy heavily, the taxes are often relatively blunt 

©International Monetary Fund. Not for Redistribution



 Rationale for and Design of Fiscal Policy to “Get Energy Prices Right” 57

from an environmental perspective. And, because of overlapping programs and 
lower rates for favored groups, different fuel users can be charged quite different 
rates for the same emissions sources.  26   

 Opposition to higher energy prices comes from households (a particular con-
cern is low-income households) and from energy-intensive firms, especially in 
trade-sensitive sectors. Each is discussed briefly below; the issues are extensively 
covered elsewhere (Clements and others, 2013; Dinan, forthcoming). Clements 
and others (2013) also use case studies to discuss broader possibilities for enhanc-
ing the prospects for energy price reform (e.g., improving transparency, phasing 
reforms, informational campaigns). 

 Compensating households 

 For some countries, one possibility for reducing household opposition to environ-
mental tax reform is to scale back preexisting taxes affecting energy that are, at 
least on environmental grounds, made redundant by the environmental tax. For 
example, in most Organization for Economic Cooperation and Development 
countries, most if not all of the burden of carbon pricing on residential electricity 
consumers and motorists could be offset by reducing current excise taxes on elec-
tricity consumption and vehicle sales (IMF, 2011). Another possibility might be 
to provide transitory subsidies for the adoption of cleaner energy alternatives such 
as heat insulation, fluorescent lighting, and solar water heaters. 

 In advanced countries, poorer households tend to spend a relatively large por-
tion of their income on electricity and fuels for transportation, heating, and cook-
ing. Consequently, relative to their income the burden of higher energy prices 
tends to be greater for lower-income households than for wealthier households, 
which runs counter to broader efforts to moderate income inequality. For devel-
oping countries, the burden of higher energy prices (relative to income) might be 
smaller for lower-income groups, owing to limited vehicle ownership or grid ac-
cess. But any policy that potentially reduces living standards for the poor may 
require some offsetting compensation. 

 Setting energy prices below levels warranted by production costs and environ-
mental damage is usually a highly inefficient way to help the less well off. According 
to estimates summarized in   Figure 3.3  , only 3 percent and 7 percent, respectively, 
of the benefits from lower gasoline and diesel prices in countries that subsidize these 
fuels accrue to the bottom income quintile. 

 In other words, there are much more efficient (i.e., more targeted) ways to help 
these groups, such as the following: 

 • Targeted tax cuts like payroll tax rebates, earned income tax credits, and 
higher personal income tax thresholds in countries where large numbers of 
low-income, energy-dependent households are covered by such taxes 

26In the United Kingdom, for example, Johnson, Leicester, and Levell (2010, Table 4.1), estimate that 
implicit CO2 taxes in 2009 were £26/ton and £41/ton for natural gas used in domestic and business 
power generation, respectively, and £0/ton and £9/ton for natural gas used in homes and industry, 
respectively.
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 • Transfer payments, wage subsidies for low-paid jobs, and the like in countries 
where these compensation schemes are or could be administratively feasible 

 • Increased government spending (e.g., on schools, education, housing, jobs 
programs) that disproportionately benefits low-income households. 

 Recall, however, the caveats about overcompensation, and the preference for 
schemes that also promote economically desirable behavior. 

Figure 3.3 Distributional Incidence of Energy Subsidies

Bottom quintile:
3%

3rd quintile:
10%

2nd quintile:
6%

4th quintile:
19%

Top quintile:
62%

Gasoline

Bottom quintile:
7%

2nd quintile:
12%

3rd quintile:
16%

4th quintile:
23%

Top quintile:
42%

Diesel

Source: Clements and others (2013).
Note: This figure summarizes, aggregated across all countries that subsidize gasoline and diesel fuels, the portion of ben-

efits accruing to different income groups. Top quintile = richest; bottom quintile = poorest.
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 Compensating firms 

 Higher energy costs for trade-exposed industries such as steel, aluminum, 
cement—a particular concern for carbon pricing—can lead to a dual problem: a 
loss of competitiveness, reflected in firms’ relocating to countries where carbon 
pricing is not applied, and “emissions leakage” (increased emissions in these coun-
tries partly offsetting domestic reductions).  27   Possible responses, in the context of 
carbon pricing, include the following (Fischer, Morgenstern, and Richardson, 
2013): 

 • Using some of the carbon pricing revenues to fund a general reduction in 
corporate income taxes provides offsetting gains in competitiveness for the 
economy as a whole, though these reductions are not well targeted to the 
most vulnerable energy-intensive firms and therefore do little to limit emis-
sions leakage. 

 • Production subsidies can be used to protect energy-intensive, trade-sensitive 
firms by roughly offsetting their higher energy costs. These subsidies pre-
serve incentives for reducing emissions per unit of output (though not for 
reducing their overall level of output). However, subsidies use up some of 
the carbon tax revenues and complicate administration. 

 • Border adjustments might be charged on embodied carbon in products 
imported to a country (or block of countries) with carbon pricing. A key 
attraction of these adjustments is that they encourage other trading coun-
tries to price carbon to avoid bearing some of the burden of tax accruals to 
other countries. The legality of such charges under free trade agreements is 
uncertain, however. Moreover, import fees may be tricky to implement 
(especially if applied to a large number of products, from many different 
countries) if embodied carbon and the extent to which other countries are 
mitigating carbon are difficult to measure. 

 • Yet another possibility is simply to exempt trade-sensitive firms—for ex-
ample, by providing them a rebate for purchases of electricity and fuels to 
neutralize the effect of carbon pricing on their input costs. These exemp-
tions also result in forgone revenue and, to a greater extent than for other 
measures, undermine environmental effectiveness. 

 In short, each of the above options has its drawbacks. Ideally, countries would 
coordinate their carbon pricing policies, lessening the pressure for such measures. 
(In any case, firms that cannot compete when domestic energy is appropriately 
priced should eventually be allowed to go out of business.) 

27Studies (e.g., Böhringer, Carbone, and Rutherford, 2012) suggest that leakage offsets about 5–20 per-
cent of the emissions reductions from carbon pricing, depending in part on the size of the coalition 
of countries taking action. This leakage reflects not only the international migration of economic 
activity, but also increases in fossil fuel use in other countries as world fuel prices fall in response to 
reduced demand in countries with carbon pricing. The latter type of leakage is not easily addressed 
through policy.
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 Applicability to Low-Income Countries 

 How applicable is the above discussion to low-income countries, where policy-
makers’ primary concern may be to lift people out of abject poverty (rather than 
raise the costs of energy and transportation)? 

 With regard to climate change, low-income countries contribute very little to 
global emissions, and for practical purposes the case for them to undertake costly 
mitigation policies is correspondingly weak (Gillingham and Keen, 2012). But 
pricing for local environmental problems—air pollution, congestion, accidents—
is in these countries’ own interests because it provides net economic benefits. 
There are some nuances, however. 

 One is that the potential fiscal and environmental benefits are less important, in 
relative terms, for countries with relatively low energy intensity of GDP and that, as 
is common in Africa, do not use coal. Another is that, even with corrective taxes, and 
leaving aside the technology barriers already mentioned, private sector investment in 
green technologies may still be below economically efficient levels in low-income 
countries because of capital shortages. This is the basic rationale for donor contribu-
tions that support other investments such as infrastructure projects, and similar ex-
ternal funding has a complementary role to play in the environmental area. More 
generally, technology transfers to low-income countries can be promoted through 
dissemination of know-how acquired in advanced and emerging economies. 

 SUMMARY 
 Although this chapter provides a broad overview of instrument choice for envi-
ronmental protection and policy design issues, for the purposes of the following 
chapters (which mainly focus on assessing efficient fuel tax levels) the main points 
are the following: 

 • For power generation, either (1) taxes should be levied on fuel supply (coal 
or natural gas) in proportion to emissions factors weighted by environmen-
tal damage per unit of emissions, with appropriate crediting for any emis-
sions captured during fuel combustion or (2) charges should be directly 
levied on emissions released from smokestacks reflecting environmental 
damage per ton of emissions. The choice between these charging schemes 
largely hinges on administrative considerations. 

 • For heating fuels, charges should be levied on fuel supply to reflect emission 
rates and environmental damage (pricing emissions is not practical given the 
large number of fuel users). 

 • For transportation fuels, corrective taxes accounting for a wider range of side 
effects should be calculated according to equation (3.1). 
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 CHAPTER 4 

 Measuring Pollution Damage 
from Fuel Use 

 This chapter begins with a brief review of the literature on valuing climate change 
damage from carbon dioxide (CO 2 ) emissions. The heart of the chapter is about 
measuring damage from the most important harm from local air pollution: 
human mortality risk. 

 CO 2  DAMAGE 
 The future climate change damage from a ton of CO 2  emissions is the same re-
gardless of the fuel combustion process or where emissions are released. In prin-
ciple, therefore, each ton should be priced the same in different countries. If 
charges are imposed on fuel suppliers, the appropriate charge per unit of fuel is 
CO 2  damage times the CO 2  emissions factor (i.e., CO 2  emissions released per 
unit of fuel combustion). The first component is discussed here, and emissions 
factors are discussed in the second section. 

 Two economic approaches have been used to assess appropriate CO 2  emissions 
prices—the benefit-cost and cost-effectiveness approaches.  1   

 Benefit-Cost Approach 

 The benefit-cost approach assesses damage from future global climate change 
caused by additional emissions using “integrated assessment models” that incor-
porate the following: 

 • Links between current emissions and the future global time-path of atmo-
spheric greenhouse gas (GHG) concentrations 

 • Impacts of changes in that time-path on global temperature and other cli-
mate variables in future years 

 • Worldwide monetized damage from those climate changes (e.g., agricultural 
impacts, costs of sea-level protection, health impacts from altered climate 
and possible spread of vector-borne diseases, ecological impacts) 

 • Discounting of damage at different future dates to the present, to obtain a 
single summary statistic, or damage per ton of CO 2 , known as the “social 
cost of carbon” (SCC). 

  1 For more extensive discussions see, for example, Bosetti and others (2012); Griffiths and others 
(2012); National Research Council (2009), Ch. 5; and US IAWG (2013). 
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  2 The discount rate in this approach is still positive (usually about 1–2 percent) to reflect the higher 
per capita consumption of future generations. 
  3 Damage estimates are highly sensitive to the shape of the probability distribution for catastrophic 
risks, which is uncertain. 

 Although many uncertainties surround these relationships, damage values are espe-
cially sensitive to discounting (CO 2  emissions have very long range impacts because 
they reside in the atmosphere for many decades and the climate adjusts gradually 
to higher atmospheric concentrations) and the treatment of extreme risks. 

 One view on discounting is that the future benefits of emissions mitigation 
policies should be discounted using market interest rates (usually about 3–5 per-
cent in advanced countries) because this is the standard way to evaluate the future 
benefits of any private and many public investments. Studies using market dis-
count rates typically estimate the SCC to be about $10/ton to $50/ton of CO 2 ; 
for example, US IAWG (2013) puts the SCC at $35/ton (in their central case for 
2010 in 2010 dollars). 

 Others argue that for ethical reasons, below market rates should be used to 
evaluate policies if the benefits accrue to future generations (as opposed to the 
current generation), to avoid discriminating against people who are not yet born. 
Under this approach, SCC estimates are much higher, for example, Stern (2007) 
puts the SCC at $85 per ton (in 2004 dollars), with the difference compared with 
earlier studies largely reflecting different discount rates (Nordhaus, 2007).  2   

 These SCC estimates often include a component for catastrophic risks by pos-
tulating probabilities—based on judgment, given that the risks are unknown—
that future climate change may result in very large world GDP losses. However, 
the appropriate way to treat these risks remains very contentious (Pindyck, 2013): 
some studies (e.g., Weitzman, 2009) suggest they warrant dramatically higher 
CO 2  prices.  3   

 Typically, SCC estimates in the benefit-cost approach increase about 1.5–2.5 
percent a year in real terms, primarily reflecting the growth rate in output poten-
tially affected by climate change. 

 Cost-Effectiveness Approach 

 Rather than explicitly valuing environmental damage (the approach taken else-
where in this volume), the cost-effectiveness approach assesses least-cost pricing 
paths for CO 2  emissions that are broadly consistent with long-term climate sta-
bilization goals. 

 Numerous climate-economy models have been developed, with particular 
detail on the global energy sector and links between emissions, atmospheric GHG 
concentrations, and future climate outcomes. Projecting future emissions prices 
needed to meet long-range climate targets is inherently imprecise, however, given 
considerable uncertainty about future emissions baselines (which depend on fu-
ture population, per capita income, the energy-intensity of GDP, the fuel mix, 
and so on) and the emissions impact of pricing (which depends on the future 
costs of low-emission fuels and technologies and other factors). 

©International Monetary Fund. Not for Redistribution



 Measuring Pollution Damage from Fuel Use  67

 A global CO 2  price starting at about $30/ton (in current dollars) in 2020 and 
rising about 5 percent a year would be roughly in line with ultimately containing 
mean projected warming to 2.5 o C (Nordhaus, 2013, p. 228) at least cost. A sub-
stantially higher global price would be needed to contain mean projected warming 
to 2°C (the goal identified in the 2009 Copenhagen Accord), though this target 
might now be beyond reach because it would likely require the future develop-
ment and global deployment of technologies that, on net, remove GHGs from the 
atmosphere, to help lower future GHG concentrations to current levels. For any 
given climate stabilization target, substantially higher starting prices will also be 
needed in the absence of full participation by all the major emitting countries. 

 Illustrative Value Used Here 

 Tremendous uncertainty and controversy surround the appropriate CO 2  emis-
sions price—and country governments may have their own perspectives. A value 
of $35/ton (based on US IAWG, 2013) is used here  for illustrative purposes.  This 
chosen value should not be construed as a recommendation for one SCC value 
over another or one climate stabilization target over another. The implications of 
alternative values for corrective taxes are easily inferred by proportionally scaling 
the component for carbon damages. 

 A Note on Equity 

 A key principle in the UN Framework Convention on Climate Change is that 
developing countries have “common but differentiated responsibilities,” meaning 
(given their relatively low income and small contribution to historical GHG ac-
cumulations) that they should bear a disproportionately lower burden of mitiga-
tion costs than wealthier nations. This principle implies either their receiving 
compensation or their imposing lower emissions prices than others, or perhaps no 
price at all. Application of this principle need not hinder international mitigation 
efforts however, at least for the vast majority of low-income countries whose emis-
sions constitute a tiny fraction of the global total (Gillingham and Keen, 2012). 

 LOCAL AIR POLLUTION DAMAGE 
 Although local air pollution causes a variety of other harmful environmental ef-
fects, the central issue is premature human mortality, which is, by far, the most 
important category in previous damage assessments ( Chapter 2 ). 

 The pollution-mortality impacts from fuel combustion can be valued using 
the following steps: 

 • Determining how much pollution is inhaled by exposed populations, both 
in the country where emissions are released and, for emissions released from 
tall smokestacks, in countries to which pollution may be transported 

 • Assessing how this pollution exposure affects mortality risks, accounting for 
factors, such as the age and health of the population, that affect vulnerability 
to pollution-related illness 
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 • Monetizing the health effects 
 • Expressing the resulting damage per unit of fuels. 

 The focus here is damage from an incremental amount of pollution rather than 
damage from the total amount of pollution because the incremental amount is 
relevant for setting efficient fuel taxes. 

 For a very limited number of countries, previous studies have estimated local 
air pollution damage, and major modeling efforts are ongoing at the global level.  4   
This volume is the first attempt to provide an assessment of fossil fuel emissions 
damage across a broad range of developed and developing countries, using a con-
sistent methodology.  5   

 Although insofar as possible key country-specific factors determining environ-
mental damage is captured, not all potentially significant factors, most notably cross-
country differences in meteorological conditions affecting pollution formation, can 
feasibly be included. The corrective tax estimates in this chapter may also become 
outdated as evidence and data evolve. Nonetheless, some broad sense of how missing 
factors may affect the results is given by comparing the results for selected countries to 
those from a computational model of regional air quality. And accompanying spread-
sheets,  6   indicating corrective taxes by fuel product and country, are easy to update. 

 The discussion proceeds as follows: The first three subsections address, respec-
tively, the first three steps in the bulleted list above. The fourth subsection sum-
marizes the resulting cross-country estimates of local pollution damage. The fifth 
subsection compares the results with those from the computational model. The 
final subsection discusses procedures for converting emissions damage into cor-
rective fuel taxes, the results of which are presented in  Chapter 6 . 

 Estimating Population Exposure to Pollution 

 As noted in  Chapter 2 , the main cause of mortality risk from pollution is particu-
late matter with diameter up to 2.5 micrometers (PM 2.5 ), which is small enough 
to permeate the lungs and bloodstream. PM 2.5  can be emitted directly as a 
 primary pollutant from fuel combustion, but is also produced as a secondary 
 pollutant from chemical reactions in the atmosphere involving primary pollut-
ants, the most important of which is sulfur dioxide (SO 2 ), but also nitrogen ox-
ides (NO x ). 

  4 For example, National Research Council (2009) and Muller and Mendelsohn (2012) estimate pollu-
tion damage for the United States; European Commission (2008) for Europe; World Bank and State 
Environmental Protection Agency of China (2007) for China; Cropper and others (2012) for India. 
At the global level, the Global Burden of Disease project (discussed later in this chapter) estimates 
regional mortality rates from air pollution, though not the health effects from emissions released in 
individual countries, which is needed to derive corrective fuel taxes. The Climate and Clean Air Coali-
tion is developing a sophisticated modeling system to quantify air pollution damage. The model 
presently covers four countries but will eventually apply to many more. As this work progresses, it will 
provide useful information for refining corrective tax estimates. 
  5 Methodological consistency implies that differences in estimated damage across countries are more 
likely to reflect real factors rather than different estimation procedures. 
  6 Available at www.imf.org/environment. 
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 “Intake fractions” are used to estimate how much pollution from stationary 
and mobile emissions sources in different countries is inhaled by exposed popula-
tions (see Box 4.1 for technical details). Specifically, these fractions, as used here, 
indicate grams of PM 2.5  inhaled per ton of primary PM 2.5 , SO 2 , and NO x . Intake 
fractions are a powerful concept and are being used increasingly in pollution dam-
age assessment (Apte and others, 2012; Bennett and others, 2002; Cropper and 
others, 2012; Humbert and others, 2011; Levy, Wolff, and Evans, 2002; Zhou 
and others, 2006), primarily because they circumvent the need to develop data- 
and computationally intensive air quality models.  

 Intake fractions depend on three main factors: 
 •  The height at which emissions are released:  The most important distinction is 

between emissions from tall smokestacks, such as at power plants, which are 
more likely to be dispersed without harm but are also transported consider-
able distances, and emissions released at ground level, such as from cars and 
residential heating, which tend to stay locally concentrated. 

 •  The size of the population exposed to the pollution:  For smokestack emissions, 
people living 2,000 kilometers or more from a plant can still intake some of 
the pollution (Zhou and others, 2006). Even if a plant were to be located 
away from an urban center, its emissions could still cause significant health 
damage elsewhere. Long-distance transportation of pollution also raises 
thorny issues about how one country should account for cross-border envi-
ronmental damage when setting its own fuel taxes. 

  BOX 4.1 

Intake Fractions: Some Technicalities 
 The intake fraction ( iF ) for a primary pollutant at a particular location is given by the 
formula (Levy, Wolff, and Evans, 2002): 

 

iF
P C BR

Q

i iP CP
i

N

≡
×CiC

=∑ 1

 

,

 in which  P i   is the population residing in a region, indexed by  i , defined by its distance 
from the emissions source; the region could be in the country where emissions are 
released or in some other country or some combination of both. The term Δ C i   is the 
change in the ambient concentration of pollution (PM 2.5 ), perhaps defined by the daily 
average change in pollution per cubic meter, caused by emissions from the source; Δ C i   
is influenced by meteorology and other factors.  BR  is the average breathing rate, that is, 
the rate at which a given amount of ambient pollution is inhaled by the average person; 
for example, in Zhou and others (2006) the breathing rate is 20 cubic meters per day. 

 The numerator in the equation is, therefore, the total daily amount of pollution taken 
in by potentially exposed populations. In the denominator,  Q  is the emission rate of the 
primary pollutant in tons per day. The intake fraction is defined as average pollution 
inhaled per unit of emissions released, and is usually expressed as grams of PM 2.5  
inhaled per ton of primary emissions. 
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 •  Meteorological conditions  (most notably wind speed and direction),  topogra-
phy  (e.g., proximity to mountain barriers that may block pollution disper-
sion), and  ambient ammonia concentrations  (which catalyze atmospheric  
 reactions of SO 2  and NO x ). 

 For long-distance pollution, a strength of the approach used here is that it uses 
highly disaggregated data on population density (in different countries) up to 
2,000 kilometers away from emissions sources. Therefore, the estimates of popu-
lation exposure may be considerably more accurate than in other studies using 
much more spatially aggregated population data, or that only consider people 
living within shorter distances of the emissions source. 

 A weakness is that the intake fraction approach cannot easily account for cross-
country differences in meteorological and related conditions, not least because 
emissions are transported across multiple climate zones and wind patterns. How-
ever, studies suggest that population exposure is usually, by far, the more impor-
tant factor (Zhou and others, 2006). 

 The estimation of population exposure for coal plants, other stationary 
sources, and mobile emissions sources are discussed in turn below. 

 Exposure to coal plant emissions 

 Although intake fractions have been extensively estimated for emissions released 
at ground level for many different regions (see the discussion of mobile sources 
below), estimates are much more limited for emissions released from tall smoke-
stacks because of the complexities involved in modeling long-distance pollution 
transport. 

 The approach in this chapter uses a widely cited study by Zhou and others 
(2006), which follows a two-step statistical procedure. Using a sophisticated 
model of regional air quality, they start by simulating how emissions are trans-
ported to different regions, then map the result to data on regional population 
density, to estimate intake fractions for a variety of primary pollutants from 
29 coal plants in China.  7   For example, for the average coal plant, they estimate 
that about 5 grams of PM 2.5  ends up being inhaled for each ton of SO 2  emitted. 
Zhou and others (2006) then use statistical techniques to obtain a set of coeffi-
cients indicating what fraction of an average plant’s emissions are inhaled by an 
average person residing within bands of 0–100 kilometers, 100–500 kilometers, 
500–1,000 kilometers, and 1,000–3,300 kilometers from the emissions source. 

 These coefficients can be combined with data on the number of people living 
within the four distance classifications from the plant to extrapolate intake frac-
tions for a coal plant in any country, without the need for developing a sophisti-
cated model of regional air quality. To keep the calculations tractable, the last 

  7 Zhou and others (2006) use the California Puff (CALPUFF) air quality model, calibrated to Chinese 
data on regional emissions sources and pollution concentrations. This model is recommended by the 
US Environmental Protection Agency for estimating long-distance pollution transport (for documen-
tation, see www.src.com/calpuff/calpuff1.htm). 
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distance category is truncated for the analysis in this chapter (without much loss 
of accuracy) at 2,000 kilometers.  8   

 For extrapolation purposes, the Carbon Monitoring for Action (CARMA) 
database  9   is used to determine the geographical location of about 2,400 coal 
plants in about 110 different countries for 2009 (these data cover about 75 per-
cent of the total electricity produced by coal power plants worldwide). 

 LandScan data are used to obtain 2010 population counts by grid cell for each 
of these 110 countries, as well as for countries without coal plants but where 
people are still at risk of inhaling cross-border emissions.  10   These population data 
are extremely fine—each grid cell is 1 kilometer square or less. 

 Mapping these two data sets provides an extremely accurate estimate of the 
population living at the four distance classifications from each plant. Multiplying 
populations in these distance categories by the corresponding coefficient from 
Zhou and others (2006) for a particular pollutant, and then adding over the four 
distance categories, gives the estimated intake fraction for that pollutant for each 
coal plant. 

 Finally, the national average intake fraction for the pollutant is obtained for 
each country by taking a weighted sum of intake fractions for individual plants 
in that country, where the weights are each plant’s share in total coal use.  11   

 There are some caveats to the intake fraction approach as applied to long- 
distance (but not ground-level) pollution. Most notably, adjustments are not made 
for meteorological or for topographical conditions or local ammonia concentra-
tions. The last factor is relevant because SO 2  and NO x  form PM 2.5  by reacting with 
ammonia—in fact, when SO 2  and NO x  are reduced substantially, ammonia is 
“freed up” for the remaining SO 2  and NO x  emissions to react with, making them 
more likely to form fine particulates (PM 2.5 ). To the extent that all these factors vary 
(across a radius of 2,000 kilometers) for the average coal plant in another country 
relative to these conditions for the average coal plant in China, these estimates 
overstate or understate intake fractions for other countries. This issue is discussed 
further in a later section that reviews results for selected countries and compares 
them with those from a computational air quality model that does account for 
meteorological conditions, ammonia concentrations, and related factors. 

  8 Zhou and others (2006) estimate that the inhalation rate (for SO 2 -induced PM 2.5 ) for someone living 
within 100 kilometers of a coal plant is about 8 times that for someone living 100–500 kilometers 
away, 43 times that for someone living 500–1,000 kilometers away, and 86 times that for someone 
living 1,000–3,300 kilometers away. However, taking into account the average number of people liv-
ing at different distance classifications, they find that people living within 100 kilometers, 100–500 
kilometers, 500–1,000 kilometers and 1,000–3,300 kilometers of the plant inhale 53, 27, 6, and 14 
percent, respectively, of the total pollution intake. 
  9 See http://carma.org. 
  10 The LandScan data are compiled by Oak Ridge National Laboratory (see www.ornl.gov/sci/
landscan). 
  11 Total coal use is the sum of coal used by plants in the sample for that country. Coal use is derived 
from the plant’s CO 2  emissions given that there is a proportional relationship between fuel use and 
CO 2  emissions, and emissions at the plant level are reported in the CARMA database. 
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 Second, intake fractions may also depend on the precise height of the smoke-
stack from which pollutants are emitted, with emissions from the tallest smoke-
stacks having the greatest propensity to dissipate before they are inhaled. Again, 
data are not available on global variation in the height of smokestacks at power 
plants to allow an adjustment to be made. However, intake fractions do not appear 
to vary much with differences in smokestack height (Humbert and others, 2011). 

 Third, mortality risks to people living close to two or more power plants are 
assumed to be additive (or in other words, the intake fraction for one coal plant 
is the same, regardless of whether some of the people inhaling its pollution are 
also exposed to pollution from other plants). For the most part this seems reason-
able, except, perhaps, for countries where air pollution is especially severe and 
people’s ability to inhale pollution starts to become saturated, but even then (see 
Box 3.3) there may not be much relevance for corrective fuel tax estimates. 

 Exposure to other stationary source emissions 
and vehicle emissions 

 Because of the lack of data—particularly in regard to geographical location—it is 
not feasible to estimate population exposure to emissions from other uses of coal 
(e.g., metals smelting). For purposes of calculating the impact of coal tax reform, 
environmental damage and corrective taxes for these other uses are assumed to be 
the same as for power plant coal use. 

 Essentially the same procedure and data sources as outlined above are used to 
estimate average population exposure to approximately 2,000 natural gas plants 
in 101 countries. Natural gas produces the same three primary pollutants as coal 
so the Zhou and others’ (2006) coefficients can be applied again.  12   

 Intake fractions for each primary pollutant tend to be greater for natural gas 
than for coal because, on average, gas plants are located closer to population cen-
ters, but the differences are not large. In fact, the local pollution effects of natural 
gas combustion are far less severe than for coal because natural gas produces mini-
mal amounts of SO 2  and primary PM 2.5 . 

 With respect to natural gas use in homes, primarily for space heating, popula-
tion exposure to outdoor pollution is far more localized, given that emissions are 
released and stay close to the ground. The same applies for vehicle emissions. 

 For both residential and vehicle emissions, estimates from Humbert and oth-
ers (2011) and Apte and others (2012) are combined. Humbert and others 
(2011) report a global average intake fraction for ground-level sources of SO 2 , 
NO x , and primary PM 2.5 . Apte and others (2012) estimate, but only for primary 
PM 2.5 , intake fractions for 3,646 urban centers across the world, accounting for 
local population density and meteorology.  13   The city-level intake fractions for 

  12 Certain characteristics of natural gas plants, such as the rate and temperature at which emissions are 
released, may differ somewhat from those for coal but, most likely, this causes little bias in the intake 
fraction estimates for natural gas emissions. 
  13 Although Apte and others (2012) mainly focus on vehicle emissions, their results apply broadly to 
any ground-level source of these emissions. 
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primary PM 2.5  (or a simple average of them for countries with more than one city 
in the data of Apte and others, 2012) are extrapolated to the country level by 
weighting them by the fraction of the population living in the relevant urban 
area.  14   Intake fractions for SO 2  and NO x  by country are then derived from Hum-
bert and others’ (2011) estimates, scaling them by the ratio of the intake fraction 
for PM 2.5  for that country to the global average intake fraction for PM 2.5  from 
Apte and others (2012).  15   

 From Pollution Exposure to Mortality Risk 

 This section discusses the two steps needed to assess how additional pollution 
exposure increases mortality risk in different countries. The first step is to estab-
lish the baseline mortality rate for illnesses potentially aggravated by pollution. 
The second is to multiply these baseline mortality rates by estimates of the in-
creased likelihood of mortality with extra pollution relative to mortality without 
extra pollution, and then aggregate over illnesses. 

 Much of the discussion relies on work by the World Health Organization’s 
Global Burden of Disease project, which provides the most comprehensive assess-
ment to date of mortality and loss of health from pollution-related and other 
diseases, injuries, and risk factors for all regions of the world.  16   

 Baseline mortality rates 

 The increased mortality risk from extra pollution inhaled by a population of 
given size will depend on the age and health of the population. Seniors, for ex-
ample, are generally more susceptible to pollution-induced illnesses than younger 
adults. Health status also matters—someone already suffering from a heart or 
lung condition that is potentially aggravated by inhaling pollution is more vulner-
able than a healthy person. And if people are more likely to die prematurely from 
other causes (e.g., traffic accidents, non-pollution-related illness), they are, by 
definition, less likely to live long enough to die from pollution-related illness. 

 The role of these factors can be summarized by calculating an age-weighted 
mortality rate for illnesses potentially worsened by pollution. The focus is on the 
four adult diseases—lung cancer, chronic obstructive pulmonary disease, isch-
emic heart disease (from reduced blood supply), and stroke—all of whose preva-
lence is increased when people intake pollution. 

  14 The urbanization rate by country for 2010 was obtained from World Bank (2013). Intake fractions 
for ground-level emissions in rural areas are not available on a country-level basis, though they will be 
considerably smaller than those for urban areas. Although it makes little difference for the results, an 
estimate of rural intake fractions is included based on a single global-level estimate reported in Hum-
bert and others (2011). This estimated intake fraction is then weighted by the rural population share 
for each country and added to the intake fraction estimates for urban areas. 
  15 Motor vehicles also produce volatile organic compounds (VOCs), the primary effect of which is to 
form ozone. Ozone damage is ignored here, however, given the much weaker link between ozone and 
mortality compared with PM 2.5 . 
  16 See www.who.int/healthinfo/global_burden_disease/about/en. 
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 Annual mortality rates from these four illnesses were estimated for each coun-
try, taking into account the age structure of the population, as follows: Global 
Burden of Disease data provide mortality rates for the four diseases for 12 different 
age classifications at the regional level, with the world divided into 21 regions (the 
Annex   Table 4.1.1   lists the countries within each region). These age classes are for 
people 25 and older (mortality risks for those younger than 25 are assumed to be 
zero—see below). Age-weighted mortality rates by disease at the country level are 
then obtained using the share of the country’s population in each age class.  17   

   Figure 4.1   shows the results for the 21 regions. At a global level, the total mor-
tality rate for diseases potentially worsened by pollution is 3.7 deaths per 1,000 
people per year. (Most of these deaths, roughly 89 percent on average, would still 
occur with no pollution.) Eastern Europe has the highest mortality rate, 10.6 
deaths per 1,000 people, in part because of the high prevalence of alcohol- and 
smoking-related illness. The lowest mortality rate is 1.3 deaths per 1,000 people 
in western sub-Saharan Africa, where people are more prone to die from other 
causes rather than surviving long enough to suffer pollution-related illness.  18   

 For all regions, heart disease is the largest source of mortality—at a global level 
it accounts for almost half of total deaths from the four diseases, with pulmonary 
disease and stroke accounting for about 20 percent each, and lung cancer about 
10 percent. These shares vary somewhat by region—in Eastern Europe, for ex-
ample, heart disease accounts for 72 percent of total deaths. 

 Pollution damage estimated in this volume is understated in the sense that 
premature deaths of those younger than 25, most notably from infant mortality, 
are excluded. One reason for omitting these deaths is that the valuation of mortal-
ity risk for infants is even more unsettled and contentious than that for adults (see 
Box 4.3).  19   

 Increased mortality from air pollution 

 A limited number of studies for the United States have estimated the relationship 
between pollution concentrations and increased mortality for pollution-related 
diseases—so-called concentration response functions.  20   For example, Pope and 

  17 The mortality data were obtained from http://ghdx.healthmetricsandevaluation.org/global-burden-
disease-study-2010-gbd-2010-data-downloads. The population share data, by country, needed for these 
calculations are from http://unstats.un.org/unsd/demographic/products/dyb/dyb2.htm. 
  18 The baseline rates for pollution-related mortality are based on studies estimating health impacts 
from all sources of air pollution, including biomass and natural sources (e.g., wind-blown dust 
and sea salt) in addition to fossil fuel emissions. However, generally speaking, other sources appear 
to be of relatively modest importance (Ostro, 2004; Schaap and others, 2010; Lükewille and 
Viana, 2012). 
  19 Given that only pollution inhaled by people ages 25 and older potentially has health effects in the 
assessment, the intake fractions for each country are first multiplied by the share of people ages 25 
and older in the total population for that country, before applying the pollution-health relationships 
discussed later. 
  20 To apply these relationships, intake fractions are first divided by the breathing rate to convert them 
from pollution inhaled to pollution exposure (see Box 4.1). 
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  Figure 4.1  Baseline Mortality Rates for Illnesses Whose Prevalence Is Aggravated by 
 Pollution, Selected Regions, 2010
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be increased by outdoor air pollution. Only a minor portion should be attributed to pollution—the rest would occur 
anyway, even if there were no pollution. 

others (2002) track the health status of a large cohort of adults in 61 U.S. cities 
over a long period to attribute health outcomes to PM 2.5  concentrations as  
 opposed to other factors such as age, gender, income, dietary habits, smoking 
prevalence. They estimate that each 10 microgram/cubic meter increase in PM 2.5  
concentrations increases annual mortality risks from all pollution-related illness in 
the United States by 6.0 percent. Until recently, the concentration-response func-
tions underlying Pope and others (2002) were used in regulatory assessments by 
the United States Environmental Protection Agency (US EPA). However, based 
on more recent evidence (Krewski and others, 2009; Lepeule and others, 2012; 
Industrial Economics Incorporated, 2006), US EPA now assumes a 10 micro-
gram/cubic meter increase in PM 2.5  concentrations raises all pollution-related 
mortality risks by 10.6 percent ( Chapter 5  of US EPA, 2011). 

 An important question is whether these findings—which are based on evidence 
for the United States, where PM 2.5  concentrations vary geographically by about 
5–30 micrograms/cubic meter—apply to other regions. The assumptions used 
here are based on a best statistical fit for each of the four pollution-related illnesses 
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  21 Burnett and others (2013) bring together evidence from studies on mortality risks and exposure to 
ambient air pollution, emissions from solid cooking fuel, second-hand tobacco smoke, and active 
smoking. In the latter three cases, exposures were converted into estimated annual PM 2.5  exposure 
equivalents. 
  22 This approach seems reasonable, based on Figure 1 in Burnett and others (2013), where saturation 
effects (at least for strokes) become especially pronounced only when PM 2.5  concentrations approach 
100 micrograms/cubic meter. At least on a nationwide average basis, PM 2.5  concentrations are well 
below this level for typical countries (see Figure 2.9) and this is at current (rather than efficient) fuel 
tax levels. 

of various model runs for different regions and different types of studies in Burnett 
and others (2013).  21   The resulting coefficients indicate that each 10 microgram/
cubic meter increase in PM 2.5  concentrations increases the risk of all pollution-
related mortality (averaged worldwide) by 9.8 percent. Although Burnett and 
others (2013) provide a state-of-the-art review of the limited number of studies, 
much more research is needed to improve the understanding of the complex rela-
tionship between pollution and mortality (especially for chronic illness); in the 
meantime, the health impacts calculated here should be viewed very cautiously. 

 A further caveat is that evidence suggests additional pollution exposure may, 
paradoxically, have significantly weaker impacts on mortality risk in regions 
where pollution concentrations are already very high, as the human body be-
comes progressively “saturated” with pollution (Burnett and others, 2013; Good-
kind and others, 2012; Health Effects Institute, 2013). In other words, although 
the concentration response function appears to be approximately linear in pollu-
tion concentrations up to some point (an extra microgram/cubic meter of PM 2.5  
has the same impact on mortality rates regardless of the initial pollution concen-
tration level), eventually it may flatten out, that is, an extra microgram/cubic 
meter of PM 2.5  has a diminishing impact on elevating mortality rates, the higher 
the initial PM 2.5  concentration. However, as discussed in Box 3.3 of  Chapter 3 , 
the corrective fuel tax calculations abstract from this complication, on the as-
sumption that implementing efficient taxes would have a large enough impact on 
emissions to lower pollution concentrations into the region where the concentra-
tion response function is approximately linear.  22   

 Valuing Mortality Risks 

 Health risk valuation is highly controversial. Many people are uncomfortable 
with the idea of assigning values to the lives saved from policy interventions. 
Nonetheless, policymakers should still consider methodologies that have been 
developed for this exact purpose, despite the implication—unpalatable to some—
that people with lower incomes are willing to sacrifice a smaller amount of their 
consumption to reduce health risks than people with much higher incomes. 

 In reality, people are constantly trading off money and mortality risk in a va-
riety of decisions on a daily basis (e.g., when deciding whether to pay extra for a 
safer vehicle or to accept a higher-paying but riskier job like cleaning skyscraper 
windows). Economic studies attempt to measure these trade-offs, and a consistent 
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finding across a broad range of countries is that mortality risk values generally rise 
with per capita income (OECD, 2012). 

 Methodological approaches for valuing mortality risks—or more precisely, the 
value per premature death avoided—are discussed below, along with empirical 
evidence, and the possible implications for different countries. Although not all 
governments will endorse this approach, the implications for corrective fuel taxes 
of alternative risk values are easily inferred from the results and accompanying 
spreadsheets by appropriate proportionate changes in the local pollution 
damage. 

 Methodological approaches 

 Two distinct approaches are often used to assess people’s “willingness to pay” to 
reduce mortality risk. A third approach—generally less preferred by economists—
based on valuing losses in human capital is discussed in Box 4.2.  

 The “revealed preference” method uses observed market behavior to assess 
mortality risk values, most usually by inferring a person’s willingness to accept 
lower wages in return for a job with lower fatality risk (given other characteristics 
of jobs and workers). In contrast, the “stated preference” method relies on re-
sponses to questionnaires, most usually contingent-valuation studies in which 
people are asked direct questions about their money and risk trade-offs. 

 A potential drawback of revealed preference studies based on labor market data 
is that they focus on relatively healthy, average-age workers and on immediate 
accidental death in the workplace. Risks from pollution-related mortality—which 

  BOX 4.2 

The Human Capital Approach 
 The human capital approach to valuing mortality risk does not (unlike willingness-to-pay 
approaches) measure people’s own valuation of these risks—instead it focuses on mea-
suring productivity losses from premature mortality. Traditionally this approach has 
been applied to lost years of working-age life, with a person’s annual productivity prox-
ied by market wages or per capita GDP, and productivity losses across future years  
 discounted back to the present. 

 However, the human capital approach may undervalue the full economic cost of 
premature mortality in several respects. For example, the value of lost nonwork time 
(i.e., time in retirement and leisure time while working age) is often excluded. And 
people’s valuation of pain and suffering before death are also excluded, as is grief to 
surviving family members. For these reasons, economists generally prefer willingness-
to-pay approaches. 1  

  1  For comparison, in World Bank and State Environmental Protection Agency of China (2007), the 
costs of air and water pollution in China are about twice as high using the willingness-to-pay 
measures of mortality risk compared with the human capital measure. 
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primarily affects seniors and results from longer-term risk exposure—might be 
valued somewhat differently. 

 Stated preference studies can avoid these problems through choice of a sample 
that is more representative of the at-risk populations and through questions about 
specific hazards, such as cancer, posed by air pollution. The main concern with 
stated preference studies is that they are hypothetical—whether survey respon-
dents would actually behave the way they say they would when confronted with 
risk-money trade-offs in the marketplace is unclear, leaving open the question of 
how accurately they describe people’s actual trade-offs. 

 Both approaches focus on the costs to the individual (and grief to family mem-
bers) from mortality risk and omit broader costs borne by third parties, such as 
medical costs. However, these broader costs may be small relative to the value of 
mortality risks to individuals; for example, when avoided medical costs later in 
the life cycle (from premature mortality) are subtracted from higher short-term 
treatment costs, the net medical burden may be relatively modest. 

 Empirical evidence 

 The starting value for mortality risk valuation used in this analysis, and its ex-
trapolation to other countries, is based on a widely peer reviewed study by OECD 
(2012). This extrapolation accounts for differences in per capita income across 
countries but not, for reasons discussed in Box 4.3, for other factors, such as age.  

  BOX 4.3 

Determinants Other than Income of Mortality 
Risk Valuation 
 OECD (2012) discusses several non-income-related factors that might cause mortality 
valuation to differ across countries, but in each case concludes that available evidence 
is not sufficiently conclusive to make adjustments. 

 With regard to population characteristics, conceivably the average age of the at-risk 
population matters, but whether, on balance, this has a positive or negative effect on mor-
tality risk valuation is unclear. On the one hand, older individuals should have lower willing-
ness to pay to reduce mortality risk given that they have fewer years of life left. Offsetting 
this, however, is that they might be wealthier and therefore have higher willingness to pay, 
compared with younger people, to increase expected longevity by a given amount. Some 
studies suggest there is little or no net effect of age on people’s valuation of mortality risk, 
whereas others suggest a modest decrease at older ages (Krupnick, 2007; Chestnut, Rowe, 
and Breffle, 2004; Alberini and others, 2004; Hammitt, 2007). Two expert panels in the 
United States have recommended against age-related adjustments to mortality valuation 
(Cropper and Morgan, 2007; National Research Council, 2008), and the U.S. Environmental 
Protection Agency has, for now, abandoned analyses with these adjustments. 

 Even more unsettled is the appropriate value to apply to child mortality because 
children have not been the subject of revealed and stated preference studies. As noted, 
child mortality is excluded from the damage estimates in this book. 
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23 Exactly why most stated preference studies imply lower mortality risk valuations than revealed pref-
erence studies remains a puzzle. 

Evidence on whether healthier populations are willing to pay more to extend lon-
gevity than less healthy populations is similarly inconclusive (Krupnick and others, 
2000). Unhealthy people may gain less enjoyment from living longer, but if they also 
gain less enjoyment from consumption, they may be willing to give up more consump-
tion to prolong life. People in different countries may also have different preferences 
for trade-offs between consumption goods and mortality risks (perhaps because of 
cultural factors), but again there is no solid evidence on which to base an adjustment. 
Definitive evidence is also lacking on whether pollution-related risks (e.g., elevated 
cancer risk) are valued differently from accident risks, such as the risk of immediate 
death in a car accident. 

Starting value for mortality risk reduction . In OECD (2012), the central case 
recommendation is to value mortality risks in OECD countries as a group at $3 
million per life saved, in 2005 U.S. dollars. 

 This amount (which is updated below) was obtained from an extensive statisti-
cal analysis using several hundred stated preference studies applied to environ-
mental, health, and traffic risks in a variety of countries (mostly Canada, China, 
France, the United Kingdom, and the United States). Stated preference studies 
were used because they have been conducted in numerous countries, while re-
vealed preference studies have mainly been confined to the United States (which 
has ample labor market data). Stated preference studies tend to produce lower 
valuations than revealed preference studies; therefore, pollution damage estimates 
might be understated here.  23   

Income adjustment . The value for mortality risk per life for individual countries 
(denoted  V country  ) is extrapolated from that for the OECD as a whole (denoted 
V OECD  ), using the following equation: 
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(4.1)

 In equation (4.1),  I country   and  I OECD   denote real income per capita in a particular 
country and for the OECD, respectively. Relative per capita income is appropri-
ately measured using purchasing power parity rather than market exchange rates 
because purchasing power parity, which takes the local price level into account, 
more accurately reflects people’s ability to pay out of their income for local prod-
ucts or risk reductions. The income per capita figures are obtained from IMF 
(2013) and World Bank (2013). 

 The exponent  ε  in (4.1) measures how mortality risk values vary with income; 
specifically, it is the percentage change in the mortality value per 1 percent change 
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in real per capita income. Based on OECD (2012), the illustrative calculations in 
this analysis assume  ε  is 0.8.  24   

 The $3 million mortality value for the OECD is updated to 2010 for inflation 
(using the average consumer price index for the OECD) and real income (using 
equation (4.1) and the ratio of per capita income in the OECD in 2010 to that in 
2005) to give  V OECD   = $3.7 million. This amount is then extrapolated to other coun-
tries, using equation (4.1) and the countries’ relative per capita incomes for 2010. 

 A tricky issue is how to value mortality risks for people across the border in other 
countries. To keep the exercise tractable, the same mortality risk value for these 
people is used as for people in the country in which emissions are released. An alter-
native, perhaps more appealing, approach would be to use a weighted average mor-
tality risk valuation, whereby each affected country’s risk valuation is weighted by its 
share of deaths in total deaths caused by the source country’s emissions. If a source 
country has high per capita income relative to neighboring countries, this approach 
would imply somewhat lower pollution damage estimates than obtained in this 
analysis and vice versa for emissions from countries with relatively low income. 
However, the differences in emissions damage estimated by the two approaches may 
not be large; for example, if 40 percent of the affected population resides in other 
countries and mortality risks for these countries are 25 percent lower than the source 
country for the emissions, emissions damage will be 10 percent lower (a notable 
though not dramatic amount) compared with the approach taken here. 

 Implied mortality risk valuations 

   Figure 4.2   shows the implied mortality risk values for 20 selected countries. Mor-
tality values per death are highest in the United States at $4.9 million and are less 
than $1 million in India, Indonesia, and Nigeria. To reemphasize, these values are 
purely illustrative—as shown below, if mortality values in all countries were set at 
the OECD average, the corrective tax estimates for relatively low-income coun-
tries would increase considerably. 

 The illustrated mortality values in this analysis differ quite a bit from values 
used at various points in different government studies. However, as shown by the 
examples in   Table 4.1  , there appears to be no systemic pattern to these differ-
ences. The values for the United States, Canada, and Germany used here are 
much lower than in government studies for these countries, but the converse 
applies in other cases. At any rate, the purpose is not to pass judgment on govern-
ment practices but simply to obtain, for illustrative purposes, a consistently esti-
mated set of cross-country mortality risk values. 

 Air Pollution Damage Estimates 

 Selected estimates of local air pollution damage per ton of emissions are dis-
cussed in this section. (Damage per unit of fuel is discussed in  Chapter 6 .) Annex 

  24 Alan Krupnick, a leading expert on the issue, recommended a value of ε = 0.5, which would signifi-
cantly increase pollution damage for relatively low-income countries. 
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  Figure 4.2  Value of Mortality Risk, Selected Countries, 2010
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Source: Authors’ calculations.
Note: Figure shows the value assigned to an individual’s premature death caused by pollution. 

TABLE 4.1

Examples of Mortality of Risk Valuations Used in Previous Government Studies

Country Type of mortality 
risk

Year of 
study

Government value from study Value used here 
relative to 

government valueLocal currency 
 (thousands)

2010 US$ 
 (thousands)

Australia General 2007 $A3,500 2,511 1.64
Austria Transport 2009 €2,837 3,382 1.27
Canada Transport 2006 Can$6,110 5,354 0.78
Denmark Transport 2012 DKr16,070 1,769 2.43
France Transport 2010 €1,360 1,503 2.50
Germany Pollution 2009 €1,000–3,000 1,203–3,608 1.12–3.37
New Zealand Transport 2009 $NZ3,500 2,179 1.54
Sweden Transport 2010 SKr23739–31,331 2,558–3,377 1.24–1.64
United Kingdom Transport 2000 £1,145 2,111 1.85
United States Pollution 2006 US$7,400 8,007 0.61

Sources: Government websites and personal communications with government officials.

 Table 4.2.1  provides the full set of estimates by emissions type, emissions source, 
and country. 

   Figure 4.3   shows estimated damage per metric ton for SO 2  from coal plants 
for selected countries. The range of the damage estimates is striking. 

 The United States, with damage of about $17,000/ton (in 2010 dollars), is an 
intermediate case. Damage estimates are much higher (about $35,000–$39,000/ton) 
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in Japan, Poland, Korea, and the United Kingdom, and higher still (about $53,000/
ton) in Germany, reflecting much higher population exposure to power plant emis-
sions, which more than outweighs any influence of lower mortality values for these 
countries. 

 Conversely, as the result of a combination of lower population exposure and 
lower mortality risk values, Australia, Brazil, Chile, Kazakhstan, Mexico, and 
South Africa have dramatically lower damage values (about $1,500–$3,000/ton). 
For example, premature mortality per ton of emissions in Australia is just 15 
percent of that for the United States. 

 Damage for China is about $22,000/ton. Although the illustrated mortality 
risk value for China is only 23 percent of that for the United States, this lower 
risk value is more than offset by an average population exposure to emissions that 
is six times as high.  25   

  25 The findings for China seem to be broadly in line with a far more sophisticated assessment of lives 
saved from an SO 2  control policy in Nielsen and Ho (2013). If the estimated acute and chronic deaths 
avoided in Nielsen and Ho (2013) are all attributed to the reductions in SO 2  emissions, about 25 lives 
are saved per kiloton reduction in SO 2  emissions, though this is an overstatement because some of the 
deaths avoided are due to indirect reductions in other pollutants (and Nielsen and Ho are careful to 
emphasize large uncertainties associated with these estimates). The calculations for this chapter suggest 
about 17 lives saved in China per kiloton reduction in SO 2  emissions. 

  Figure 4.3  Damage from Coal Plant Sulfur Dioxide (SO 2 ) Emissions, Selected Countries, 2010

0 10,000 20,000 30,000 40,000 50,000 60,000

Australia
Brazil
Chile

China
Germany

India
Indonesia

Israel
Japan

Kazakhstan

Mexico
Poland

South Africa
Thailand

Turkey
United Kingdom

United States

Damage from SO2, $/ton

Korea

 
Source: Authors’ calculations.
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   Figure 4.4   illustrates damage per ton of SO 2  from coal combustion for all 
countries. Damage per ton is highest in European countries where both per capita 
income and population density are relatively high; for countries in North and 
South America, Asia, and Oceania damage per ton generally takes intermediate 
values. For Africa, many countries do not use coal, and for those that do, data 
limitations often preclude damage estimates. 

 On a per ton basis damage from primary coal plant emissions of PM 2.5  is 
about 25 percent larger than damage from SO 2 . This is a broadly consistent find-
ing across countries, so the relative pattern of damage across countries is similar 
to that for SO 2 . Damage for NO x  from coal plants also follows the same broadly 
similar pattern across countries, though in absolute terms damage per ton from 
NO x  is about 20–50 percent lower than for SO 2  (mainly because NO x  is less 
prone to forming PM 2.5 ). Damage per ton from NO x  emissions from natural gas 
plants (essentially the only type of local emissions from these plants) is generally 
similar to the NO x  damage from coal plants. 

   Figure 4.5   shows the damage per ton from ground-level NO x  emissions (esti-
mated for vehicles but also applied to home heating). Again, there are significant 
cross-country differences; for example, estimated damage exceeds $5,000/ton in 
Germany, Japan, Korea, and the United States but is less than $1,000/ton in 
India, Indonesia, Nigeria, South Africa, and Thailand. The relative differences 
are, however, smaller than for power plant emissions. Ground-level emissions 
tend to remain locally concentrated, therefore the large average distance between 
cities, such as in the United States, or the coastal location of cities, such as in 
Australia, reduce population exposure to a much lesser extent than for power 
plant emissions. Consequently, damage per ton in the United States is much 
closer to that in Germany, and in Australia is closer to typical European countries, 
as shown in   Figure 4.5   compared with the relative damage for power plant emis-
sions in   Figure 4.3  . 

 Robustness Checks 

 The assumptions about how pollution exposure affects health are based on 
state-of-the-art evidence from the Global Burden of Disease project—though 
this evidence is far from definitive—and  Chapter 6  notes how corrective tax 
estimates vary with alternative values for mortality risk. 

 This subsection focuses on other issues relevant for tall smokestack emissions 
that are dispersed over great distances. The first issue is the reasonableness of the 
air pollution model (based on Zhou and others, 2006) implicitly underlying the 
intake fractions for China, and from which intake fractions for other countries 
are extrapolated. The second issue is how and to what extent the failure to capture 
cross-country differences in meteorology and related factors might bias damage 
estimates from the intake fraction approach. 

 These issues are examined by comparing selected results from the intake frac-
tion approach with those from the TM5-Fast Scenario Screening Tool (FASST).  26   

  26 Simulations using this tool were conducted for this book by Nicholas Muller. 

©International Monetary Fund. Not for Redistribution



 
84 

G
etting Energy Prices Right: From

 Principle to Practice

  Figure 4.4  Damage from Coal Plant Sulfur Dioxide (SO 2 ) Emissions, All Countries, 2010 
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This tool (described in Annex 4.3) provides a simplified representation of how 
pollution concentrations in different regions change in response to additional 
emissions, and links these changes to population exposure and health impacts. 
The parameters underlying the air quality component of the model are chosen so 
that it yields predictions consistent with those from a highly sophisticated model 
of regional air pollution formation developed by the UN Environment Program 
(UNEP, 2011). 

 Unlike in the intake fraction approach, cross-country damage estimates from 
TM5-FASST capture regional differences in meteorology, ammonia concentra-
tion, and other factors. However, the estimation of population exposure is aver-
aged over large areas—the world is divided into 51 regions—which understates 
population exposure if, as seems likely, power plants are located in areas with 
higher population density than the regional average.  27   Insofar as possible, other 
inputs to TM5-FASST—particularly baseline mortality rates by region and dis-
ease, impacts of additional PM 2.5  exposure on mortality rates, and the local valu-
ation of mortality risks—are chosen to be consistent with the intake fraction 
approach, to facilitate a cleaner comparison of results. 

  Figure 4.5  Damage from Ground-Level Nitrogen Oxide (NO x ) Emissions, Selected  
 Countries, 2010
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Source: Authors’ calculations.

  27 For example, one region is the whole of China, another the United States, and another combines 
Angola, Botswana, Malawi, Mozambique, Namibia, Zambia, and Zimbabwe. 
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 With regard to the reasonableness of Zhou and others’ (2006) air pollution 
model, TM5-FASST estimates SO 2  damage per ton for China to be about 
$12,000, or slightly more than half of the damage estimate from Zhou and oth-
ers’ (2006) intake fraction approach. Some of this difference reflects, as just 
noted, differences in population exposure, but some also likely reflects differences 
in assumptions about the impact of emissions on air quality. Unfortunately, it is 
not possible to make a definitive judgment about which air quality model is the 
more realistic. 

 With regard to the meteorology issue,   Figures 4.6   and   4.7   show SO 2  damage 
per ton for selected countries expressed relative to damage per ton for China from 
the intake fraction approach and TM5-FASST, respectively. To the extent there 
are differences in relative damages for particular countries between the two 
 figures, this suggests that differences in meteorological factors between that 
c ountry and China play a potentially significant role. This does not appear to be 
a major concern for some countries—for example, the two approaches suggest 
damage per ton for Japan is 62–67 percent higher than for China, and for the 
United States damage is 22–24 percent lower than for China. But there are some 
 exceptions; for example, relative damage for Israel, Poland, and the United 
 Kingdom from the intake fraction approach is substantially higher than from 

  Figure 4.6  Estimated SO 2  Damage Relative to China Using the Intake Fraction  
 Approach ,  2010
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TM5-FASST,  28   and vice versa for Thailand and Turkey. In short, meteorological 
factors can significantly alter damage estimates in certain cases, though both the 
sign and scale of these effects are country specific. 

 Expressing Damage per Unit of Fuel 

 To assess efficient taxes on fuel use, the damage expressed per ton of emissions 
needs to be converted into damage per unit of fuel, or per unit of energy, using 
appropriate emissions factors. These factors relate the amount of emissions, such 
as SO 2 , released into the atmosphere to combustion of a particular fuel, such as 
natural gas, in a particular activity, for example, power generation. The Green-
house Gas and Air Pollution Interactions and Synergies (GAINS) model, devel-
oped by the International Institute for Applied Systems Analysis (IIASA), was 
used to estimate these factors.  29   See Box 4.4 for more details.  

  28 A possible explanation is that winds blowing from west to east partially transport pollution away 
from these densely populated countries to less densely populated countries (like Scandinavia and 
Ukraine), which is taken into account in Figure 4.7 but not in Figure 4.6. 
  29 For information about the GAINS model, see http://gains.iiasa.ac.at and IIASA (2013). The help of 
Fabian Wagner in calculating all the emission factors is gratefully acknowledged. 

  Figure 4.7  Estimated SO 2  Damage Relative to China Using the TM5-FASST Model ,  2010
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  BOX 4.4 

Emissions Factors from the GAINS Model 
 The Greenhouse Gas and Air Pollution Interactions and Synergies (GAINS) model esti-
mates country-specific emissions factors for carbon and local air emissions for different 
fossil fuels used in different sectors of the economy. The estimates are reported in 
kilotons of pollutant per petajoule (heat content) of fuel input, though they could be 
expressed in emissions per unit of weight or volume (by multiplying heat content per 
unit of weight or volume using the GAINS data). Two calculations are performed. 

 First, uncontrolled emissions factors (denoted  EF U  ) are calculated from the basic 
properties of the fuel and combustion processes (Amann and others, 2011; Cofala and 
Syri, 1998a, 1998b; Klimont and others, 2002). For example, as defined for SO 2  emis-
sions, the emissions factor is calculated by: 

EF
sc
hvUFF = ×( )sr− .             (4.4.1)

 In equation (4.4.1)  sc  is the sulfur content per unit of weight,  hv  is the heat value per 
unit of weight, and  sr  is the sulfur retention fraction (the portion of sulfur that is 
retained in ash rather than released into the atmosphere). 

 Second, various controlled emissions factors (denoted  EF C  ) are calculated, where 
applicable, for emissions sources employing an abatement technology denoted  t  (e.g., 
a particular type of scrubber, or hotter boiler that reduces NO x  emissions), from the 
following formula: 
    

EF EFc UFF EFF= ×EFUEFF ( )re−
 .   (4.4.2)

 In equation (4.4.2)  re t   represents the fraction of emissions that are abated (that 
would otherwise be released into the atmosphere) as a result of technology  t.  Where 
specific regulations (technology mandates, emission rate standards) exist and are 
enforced, GAINS calculates the controlled emissions factors based on the regulation. 
GAINS can be used to calculate three emissions factors—an average over sources with 
controls (taking into account the potential application rates of alternative control tech-
nologies  t ), an average over sources with and without controls, and an uncontrolled 
emissions rate. 

 The GAINS data for these calculations are detailed for some countries; for others, 
judgment is used to transfer estimates to countries for which data are not directly 
 available. 

 Coal emissions factors (for CO 2 , SO 2 , NO x , and primary PM 2.5 ) are defined 
relative to energy or heat content in petajoules (PJ) rather than tons of coal, given 
significant variation in energy content across different types of coal. Where rele-
vant, the factors represent a weighted average across different coal types—in these 
cases, a more refined pricing system than the one estimated here would vary 
charges according to the emissions intensity of the particular coal type. 
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 One emissions factor is obtained for carbon, for which opportunities for abat-
ing emissions at the point of combustion are presently very limited. For the local 
air pollutants from coal plants, three different emissions factors are distinguished 
for each pollutant. First is an uncontrolled emission rate. Second is an emission 
rate for a representative plant that has some control technology (e.g., an SO 2  
scrubber). Third is the average emission rate across all existing plants with and 
without emissions control technologies. These factors are used to estimate three 
different taxes, for coal plants without and with emissions controls, and for the 
average coal plant at present, though crediting would provide strong incentives 
for all plants to use control technologies. In each case, the corrective tax is the 
product of the emissions factor for a pollutant and the damage per ton for that 
pollutant, which is then aggregated over all pollutants. 

 Similar procedures are used to obtain emissions factors and corrective taxes for 
natural gas. For power plants for which the local air pollution damages are small 
relative to those from coal, the focus is just on the emissions factor averaged across 
all plants with and without control technologies, whereas for household use of gas 
only uncontrolled emissions are relevant. Damage and corrective taxes are again 
expressed per unit of energy because emissions per unit of volume can vary sig-
nificantly depending on gas pressure. 

 For mobile sources, emissions factors for CO 2 , SO 2 , NO x , and PM 2.5  per liter 
are obtained for gasoline vehicles and diesel vehicles (the latter representing an 
average of light- and heavy-duty vehicles using diesel), in each case averaging 
across vehicles on the road with and without control technologies (fuel taxes by 
themselves do not encourage the adoption of control technologies). 

 There are several noteworthy points about the emissions factors: 
 First, carbon emissions factors for a particular fuel vary little across countries. 

However, the fuel products themselves vary significantly: per PJ of energy, natural 
gas, gasoline, and motor diesel generate about 59 percent, 73 percent, and 78 
percent, respectively, of the carbon emissions generated by one PJ of coal. 

 Second, uncontrolled, average, and controlled SO 2  emissions factors for coal 
can vary greatly both within and across countries (see   Figure 4.8  ). For example, 
on average, the SO 2  emissions per PJ for Japanese coal plants with no control 
technologies is only 30 percent of that for comparable U.S. plants, while in Israel 
the emission rate is about 70 percent greater than for the United States. Control 
technologies can dramatically reduce emissions, however; for example, SO 2  emis-
sion rates at U.S. coal plants with such technologies are 95 percent lower than the 
rates at plants without these technologies. Primary PM 2.5  emission rates for un-
controlled plants follow a pattern similar to those for SO 2 , but the control tech-
nologies have an even more dramatic impact on reducing pollution. 

 Third, NO x  emission rates from plants without controls differ from rates for 
ground-level sources (depending, for example, on combustion temperature, 
which can affect the amount of nitrogen and oxygen sucked in from the ambient 
air), but the differences are not large. 
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 SUMMARY 
 An illustrative value for CO 2  damage is taken from a recent study, although this 
value is subject to much debate. 

 To assess air pollution damage from power plant combustion of coal and natu-
ral gas, average population exposure to these emissions (which can be transported 
long distances) is estimated and combined with data on local mortality rates for 
pollution-related illness and evidence about how changes in pollution exposure 
affect these mortality rates. The most controversial step is monetizing these health 
effects, which, for illustration are inferred from OECD (2012), though the im-
plications of alternative assumptions are transparent from the results. Estimation 
of pollution from motor vehicle fuels and other ground-level sources are con-
structed from studies about how much of these emissions are inhaled by people 
in different urban centers. These pollution damage estimates are then combined 
with data on local emissions factors for different fuels to derive environmental 
damage from fuel use (though emission rates vary considerably with the extent of 
use of control technologies). 

  Figure 4.8  SO 2  Emissions Rates at Coal Plants, 2010
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 ANNEX 4.1. REGIONAL CLASSIFICATIONS FOR  
 MORTALITY RATES 
 Baseline mortality rates are obtained by combining regional average mortality 
rates for four pollution-related illnesses by age group with country-level data on 
the age structure of the population. The regional mortality data are from Burnett 
and others (2013), with the countries grouped into regional classifications as 
shown in Annex   Table 4.1.1  .  

  ANNEX TABLE 4.1.1   
Country Classifications for Baseline, Pollution-Related Mortality Rates

Asia Pacific, 
High Income

Brunei
Japan
Korea, Rep. of
Singapore

 Asia, Central 
Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Mongolia
Tajikistan
Turkmenistan
Uzbekistan

 Asia, East 
China
Korea, Dem. 

Rep. of
Taiwan Province 

of China

 Asia, South 
Afghanistan
Bangladesh
Bhutan
India
Nepal
Pakistan

 Asia, Southeast 
Indonesia
Cambodia
Lao P.D.R.
Sri Lanka
Maldives
Myanmar
Malaysia
Philippines
Thailand
Timor-Leste
Vietnam

Australasia
Australia
New Zealand

 Oceania 
Fiji
Fed. States of 

Micronesia
Kiribati
Marshall Islands
Papua New 

Guinea
Solomon Islands
Tonga
Vanuatu
Samoa

 Europe, Central 
Albania
Bulgaria
Bosnia and 

Herzegovina
Czech Republic
Croatia
Hungary
FYR Macedonia
Montenegro
Poland
Romania
Serbia
Slovak Republic
Slovenia

 Europe, Eastern 
Belarus
Estonia
Lithuania
Latvia
Moldova
Russia
Ukraine

Europe, Western
Andorra
Austria
Belgium
Switzerland
Cyprus
Germany
Denmark
Spain
Finland
France
United Kingdom
Greece
Ireland
Iceland
Israel
Italy
Luxembourg
Malta
Netherlands
Norway
Portugal
Sweden

North America, 
High Income

Canada
United States

 Caribbean 
Antigua and Barbuda
The Bahamas
Belize
Barbados
Cuba
Dominica
Dominican Republic
Grenada
Guyana
Haiti
Jamaica
Saint Lucia
Suriname
Trinidad and 

Tobago
St. Vincent and  

 the Grenadines

Latin America, 
Andean

Bolivia
Ecuador
Peru

 Latin America, Central 
Colombia
Costa Rica
Guatemala
Honduras
Mexico
Nicaragua
Panama
El Salvador
Venezuela

 Latin America, 
Southern 

Argentina
Chile
Uruguay

 Latin America, Tropical 
Brazil
Paraguay

Middle East and 
North Africa

United Arab Emirates
Bahrain
Algeria
Egypt
Iran
Iraq
Jordan
Kuwait
Lebanon
Libya
Morocco
Oman
Palestine
Qatar
Saudi Arabia
Syria
Tunisia
Turkey
Yemen

Sub-Sah. 
Africa, 
Central

Angola
Central African 

Republic
Dem. Republic 

of the Congo
Rep. of Congo
Gabon
Equatorial 

Guinea

 Sub-Sah. 
Africa, East 

Burundi
Comoros
Djibouti
Eritrea
Ethiopia
Kenya
Madagascar
Mozambique
Mauritius
Malawi
Rwanda
Sudan
Somalia
Seychelles
Tanzania
Uganda
Zambia

Sub-Sah. 
Africa, 
Southern

Botswana
Lesotho
Namibia
Swaziland
South Africa
Zimbabwe

Sub-Sah. 
Africa, 
West

Benin
Burkina Faso
Côte dIvoire
Cabo Verde
Cameroon
Chad
Ghana
Guinea
The Gambia
Guinea-Bissau
Liberia
Mali
Mauritania
Niger
Nigeria
Senegal
Sierra Leone
São Tomé and 

Príncipe
Togo

 Source: Burnett and others (2013).   
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 ANNEX 4.2. AIR POLLUTION DAMAGE BY EMISSIONS 
AND COUNTRY 
 Annex   Table 4.2.1   summarizes, by country, estimated air pollution damage by the 
type of emissions, and the source of those emissions. 

ANNEX TABLE 4.2.1

Damage from Local Air Pollution, All Countries, $/ton of Emissions, 2010

Country

Sulfur dioxide Nitrogen oxides Primary fine particulate matter

$ per ton $ per ton $ per ton

coal
natural 

 gas
ground 

 level coal
natural 

 gas
ground 

 level coal
natural 

 gas
ground 

level 

North America
Canada 3,908 8,994 13,284 2,757 5,917 2,712 4,887 11,480 349,161
Mexico 2,240 3,599 7,704 1,797 2,179 1,575 2,700 4,416 203,680
United States 17,132 18,978 17,005 12,472 12,092 3,468 21,402 23,294 445,484

Central and South America
 Argentina 8,328 4,928 7,553 3,475 2,375 1,532 10,420 6,167 193,736

Barbados #na 26,387 #na #na 12,166 #na #na 33,014 #na
Bolivia #na 343 355 #na 237 73 #na 410 9,624
Brazil 2,004 4,293 5,013 1,492 2,401 1,021 2,626 5,258 130,726
Chile 1,409 1,989 7,057 1,029 1,185 1,434 1,730 2,482 182,276
Colombia 1,867 1,648 6,180 1,162 1,084 1,265 2,307 2,047 164,342
Costa Rica #na #na 2,316 #na #na 477 #na #na 63,036
Cuba #na 4,447 3,627 #na 3,033 743 #na 5,293 96,420
Dominican Republic 3,007 #na 3,475 1,694 #na 714 3,713 #na 93,597
Ecuador #na 748 721 #na 454 148 #na 915 19,505
El Salvador #na #na 696 #na #na 143 #na #na 18,949
Guatemala 882 #na 417 501 #na 87 1,076 #na 11,721
Honduras #na #na 936 #na #na 194 #na #na 26,190
Jamaica #na #na 1,617 #na #na 336 #na #na 45,210
Nicaragua #na 560 265 #na 374 55 #na 665 7,338
Panama 1,560 #na 1,581 1,079 #na 324 2,031 #na 42,080
Paraguay #na #na 825 #na #na 170 #na #na 22,594
Peru 359 1,415 2,435 290 593 498 447 1,767 64,499
St. Vincent and the 

Grenadines
#na #na #na #na #na #na #na #na #na

Suriname #na #na 649 #na #na 133 #na #na 17,461
Trinidad and Tobago #na 2,883 #na #na 1,977 #na #na 3,553 #na
Uruguay #na 3,151 2,184 #na 2,164 443 #na 3,773 55,994
Venezuela #na 2,027 4,000 #na 1,203 811 #na 2,575 102,381

Europe
Albania #na #na 4,927 #na #na 1,023 #na #na 137,666
Austria 41,004 41,889 12,951 31,812 31,666 2,664 51,736 53,150 350,052
Belgium 53,017 51,863 10,883 34,613 34,243 2,201 64,698 63,189 276,234
Bosnia and Herzegovina #na #na 5,556 #na #na 1,157 #na #na 156,869
Bulgaria 23,980 #na 7,536 19,472 #na 1,545 28,991 #na 201,479
Croatia 35,046 35,676 10,533 28,197 27,410 2,179 44,610 45,720 290,953
Cyprus #na #na 2,232 #na #na 458 #na #na 59,950
Czech Republic 56,034 55,308 9,670 40,836 41,184 1,982 69,818 68,676 258,025
Denmark 26,136 26,025 6,276 20,048 19,993 1,277 34,589 34,627 162,816
Finland 14,814 16,035 10,786 12,152 12,711 2,198 17,739 19,320 281,719
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(Continued )

Country

Sulfur dioxide Nitrogen oxides Primary fine particulate matter

$ per ton $ per ton $ per ton

coal
natural 

 gas
ground 

 level coal
natural 

 gas
ground 

 level coal
natural 

 gas
ground 

level 

France 33,555 37,779 15,908 24,511 27,670 3,239 41,725 46,003 414,075
Germany 53,192 56,125 20,082 35,624 36,603 4,115 65,936 69,514 535,454
Greece 20,699 20,734 8,028 16,843 16,213 1,657 25,562 25,570 219,970
Hungary 41,057 40,925 11,070 30,712 30,608 2,275 51,744 51,840 298,250
Iceland #na #na 3,855 #na #na 781 #na #na 98,626
Ireland 12,897 18,828 4,991 10,468 14,585 1,030 16,217 22,833 136,535
Italy 26,627 31,596 13,346 20,905 22,958 2,744 33,654 40,278 360,129
Luxembourg #na 86,775 #na #na 65,283 #na #na 105,443 #na
Macedonia, FYR 16,736 17,560 5,832 13,541 14,096 1,206 20,686 21,656 160,515
Malta #na #na #na #na #na #na #na #na #na
Montenegro 21,031 #na 4,205 17,103 #na 867 26,405 #na 114,743
Netherlands 53,065 50,535 13,357 35,421 34,581 2,723 65,304 62,168 349,477
Norway #na 17,667 35,210 #na 14,920 7,194 #na 23,495 928,330
Poland 38,887 35,828 9,468 28,429 27,749 1,955 49,082 45,043 259,582
Portugal 12,221 12,533 6,383 9,265 9,355 1,318 14,755 15,177 175,156
Romania 26,813 27,895 7,995 21,377 21,041 1,659 33,293 34,439 223,169
Serbia 24,142 24,194 6,728 18,319 18,274 1,393 30,381 30,841 186,463
Slovak Republic 42,444 46,050 7,275 32,616 33,770 1,508 53,469 58,463 202,158
Slovenia 52,466 52,388 10,936 39,744 39,419 2,273 67,044 66,807 307,217
Spain 16,871 19,270 19,055 13,364 14,498 3,897 20,852 23,980 504,326
Sweden 17,058 19,702 16,370 13,005 15,757 3,333 21,281 25,956 426,238
Switzerland #na 46,015 11,919 #na 34,809 2,443 #na 57,827 317,909
Turkey 7,341 9,611 5,264 5,746 6,507 1,081 9,146 11,858 141,362
United Kingdom 36,577 40,069 12,325 22,857 27,378 2,518 45,415 48,658 324,687

Eurasia
Armenia #na 7,411 3,020 #na 5,584 622 #na 9,156 82,228
Azerbaijan #na 8,462 3,498 #na 6,417 726 #na 10,520 97,516
Belarus #na 26,576 15,038 #na 21,381 3,080 #na 33,671 400,285
Estonia #na 28,605 8,435 #na 22,914 1,733 #na 34,958 226,999
Georgia #na 6,049 2,762 #na 4,613 573 #na 7,525 77,102
Kazakhstan 2,668 6,107 3,104 2,225 5,306 644 3,184 7,588 86,461
Kyrgyzstan 1,934 #na 654 1,518 #na 137 2,328 #na 19,010
Latvia 23,252 28,935 10,572 19,784 23,459 2,174 29,743 36,413 285,607
Lithuania #na 34,985 13,522 #na 27,769 2,782 #na 44,700 365,862
Russia 17,562 22,105 32,383 12,508 14,317 6,637 21,525 27,714 863,732
Tajikistan #na #na 418 #na #na 88 #na #na 12,393
Turkmenistan #na 5,775 1,632 #na 4,770 340 #na 6,978 46,015
Ukraine 17,851 16,728 6,377 13,593 12,690 1,311 22,086 20,497 171,913
Uzbekistan 3,451 2,797 659 2,552 2,162 138 4,175 3,359 19,116

Middle East
Bahrain #na 7,161 2,451 #na 5,303 498 #na 8,563 63,360
Iran #na 5,066 3,956 #na 3,694 813 #na 6,171 106,587
Iraq #na 1,171 857 #na 877 176 #na 1,482 23,197
Israel 24,369 24,926 11,652 15,717 15,759 2,364 29,482 30,226 299,185
Jordan #na 2,429 1,113 #na 1,643 227 #na 2,975 29,144
Kuwait #na #na 9,771 #na #na 1,976 #na #na 247,625
Lebanon #na 7,253 2,080 #na 4,753 423 #na 9,202 53,922
Oman #na 7,088 3,095 #na 6,022 634 #na 8,028 82,631
Qatar #na 16,731 7,246 #na 13,738 1,465 #na 19,600 183,468
Saudi Arabia #na 4,895 4,651 #na 3,641 949 #na 6,018 121,849
Syria #na 2,829 1,404 #na 1,864 291 #na 3,612 38,929
United Arab Emirates #na 6,431 3,019 #na 4,845 615 #na 7,578 78,782

ANNEX TABLE 4.2.1
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Country

Sulfur dioxide Nitrogen oxides Primary fine particulate matter

$ per ton $ per ton $ per ton

coal
natural 

 gas
ground 

 level coal
natural 

 gas
ground 

 level coal
natural 

 gas
ground 

level 

Africa
Algeria #na 3,442 1,834 #na 2,381 376 #na 4,242 49,099
Angola #na 465 1,320 #na 312 273 #na 567 36,392
Benin #na #na 75 #na #na 16 #na #na 2,122
Botswana 1,007 656 680 798 556 140 1,238 879 18,629
Burkina Faso #na #na 68 #na #na 14 #na #na 2,027
Burundi #na #na 16 #na #na 3 #na #na 494
Cameroon #na 312 419 #na 254 87 #na 391 11,732
Cabo Verde #na #na #na #na #na #na #na #na #na
Central African Republic #na #na 130 #na #na 27 #na #na 3,745
Comoros #na #na #na #na #na #na #na #na #na
Congo, Rep. of #na 66 87 #na 52 18 #na 77 2,378
Côte d ̉Ivoire #na 312 289 #na 197 60 #na 391 8,096
Egypt #na 5,288 1,912 #na 2,764 399 #na 6,460 54,506
Ethiopia #na #na 70 #na #na 15 #na #na 2,114
Gambia, The #na #na 73 #na #na 15 #na #na 2,017
Ghana #na 270 117 #na 197 24 #na 344 3,273
Guinea-Bissau #na #na 81 #na #na 17 #na #na 2,315
Kenya #na 234 90 #na 173 19 #na 289 2,683
Liberia #na #na 171 #na #na 35 #na #na 4,814
Libya #na 2,470 1,296 #na 1,942 265 #na 2,952 34,272
Madagascar #na #na 81 #na #na 17 #na #na 2,371
Malawi #na 148 38 #na 91 8 #na #na 1,164
Mali #na #na 56 #na #na 12 #na #na 1,621
Mauritius 438 #na #na 206 #na #na 545 #na #na
Morocco 1,540 1,762 1,563 930 1,085 324 1,901 2,167 43,251
Mozambique #na #na 44 #na #na 9 #na #na 1,303
Namibia 202 #na 281 167 #na 59 233 #na 8,111
Niger #na #na 28 #na #na 6 #na #na 844
Nigeria #na 714 535 #na 425 111 #na 887 15,051
Rwanda #na #na 51 #na #na 11 #na #na 1,545
São Tomé and Príncipe #na #na #na #na #na #na #na #na #na
Senegal 134 #na 112 71 #na 23 164 #na 3,188
Seychelles #na #na #na #na #na #na #na #na #na
Sierra Leone #na #na 68 #na #na 14 #na #na 1,959
South Africa 1,602 2,550 1,690 1,031 1,219 349 1,905 3,154 46,284
Sudan and South Sudan #na 207 100 #na 171 21 #na 239 2,934
Swaziland #na #na #na #na #na #na #na #na #na
Tanzania #na 175 116 #na 115 24 #na 221 3,429
Togo #na 272 44 #na 187 9 #na 345 1,261
Tunisia #na 3,925 1,834 #na 2,952 378 #na 4,758 49,730
Uganda #na #na 44 #na #na 9 #na #na 1,340
Zambia #na #na 84 #na #na 18 #na #na 2,430
Zimbabwe 51 #na 50 41 #na 10 65 #na 1,435

Asia and Oceania
Afghanistan #na 866 186 #na 642 39 #na 1,077 5,545
Australia 2,098 2,136 9,220 1,129 900 1,873 2,632 2,698 238,099
Bangladesh 6,057 6,131 1,757 4,082 3,757 371 7,181 7,430 51,932
Bhutan #na #na #na #na #na #na #na #na #na
Brunei #na 10,797 #na #na 9,274 #na #na 12,225 #na
Cambodia #na #na 486 #na #na 103 #na #na 14,655
China 22,045 25,577 4,422 15,530 16,605 920 27,609 32,238 124,441
Fiji #na #na #na #na #na #na #na #na #na

ANNEX TABLE 4.2.1 (Continued )
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Country

Sulfur dioxide Nitrogen oxides Primary fine particulate matter

$ per ton $ per ton $ per ton

coal
natural 

 gas
ground 

 level coal
natural 

 gas
ground 

 level coal
natural 

 gas
ground 

level 

Hong Kong SAR 82,580 72,288 #na 53,207 49,085 #na 103,759 91,246 #na
India 7,833 6,837 1,093 5,683 4,762 230 9,773 8,549 32,075
Indonesia 4,617 5,627 2,159 2,492 2,699 449 5,636 6,936 60,669
Japan 36,786 47,176 31,548 24,230 24,772 6,405 44,381 57,309 812,178
Kiribati #na #na #na #na #na #na #na #na #na
Korea, Rep. of 35,228 34,688 20,862 25,439 25,375 4,253 46,054 45,507 545,623
Malaysia 6,525 6,104 4,028 4,360 4,273 826 7,891 7,406 107,824
Maldives #na #na #na #na #na #na #na #na #na
Mongolia 3,138 #na 2,253 2,736 #na 463 3,498 #na 60,870
New Zealand 1,568 1,296 2,508 479 396 510 1,981 1,637 65,153
Pakistan 2,254 2,902 630 1,698 2,075 132 2,942 3,663 18,290
Papua New Guinea #na #na 91 #na #na 19 #na #na 2,777
Philippines 3,372 4,426 1,393 1,969 2,246 290 4,053 5,377 39,237
Samoa #na #na #na #na #na #na #na #na #na
Singapore #na 21,698 42,652 #na 13,439 8,617 #na 27,223 1,077,044
Sri Lanka 4,262 #na 410 3,258 #na 87 5,068 #na 12,500
Taiwan Province of 

China
46,892 49,692 #na 35,615 36,445 #na 59,253 63,012 #na

Thailand 9,036 9,067 2,013 6,941 6,087 423 10,886 11,105 58,683
Vietnam 5,823 3,274 1,416 4,060 2,028 298 7,243 3,989 41,622

 Source: See main text. 
 Note: The table shows estimates of the local pollution health damage per ton from each of three pollutants, according to 

whether emissions are released from coal combustion, natural gas combustion at power plants, or natural gas and 
motor fuel consumption at ground level. Black #na = fuel not used; bold #na = data not available. 
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 ANNEX 4.3. DETAILS ON THE TM5-FASST TOOL 
 The TM5-FASST tool estimates air pollution damage per ton for different types 
of emissions in several steps. 

 First, the baseline mortality rates for four pollution-related illnesses are calcu-
lated by region, according to equation (4.2): 

     RR ( PM  2.5 ) = 1 + α ×  Δ PM  2.5.   (4.2) 

  RR  denotes the risk of premature death from a particular illness relative to that in 
the baseline case (with current pollution concentration levels).  RR −1 is therefore 
the proportionate change in the relative risk. Δ PM  2.5  denotes the change in PM 2.5  
concentrations relative to the initial situation. α is a parameter that is calibrated 
separately for each of the four pollution-related diseases to be consistent with the 
evidence in Burnett and others (2013). 

 The change in premature deaths for a change in PM 2.5  concentrations is given 
by equation (4.3): 

    (RR – 1) ×  mortality rate  ×  population,     (4.3)

 in which  mortality rate  refers to the baseline rate and  population  is the exposed 
population (all those ages 25 and older). Both population data and mortality rate 
data are from the Institute for Health Metrics and Evaluation (IHME). Deaths 
are monetized using the same mortality values as discussed in the main text of this 
chapter. 

 Next, one ton of SO 2  emissions from a particular source is added and pro-
cessed through an air quality model that links all emissions sources to PM 2.5  
concentrations in the model’s 51 different regions. The air quality model in the 
FASST tool is a simplified version of a far more sophisticated air quality model 
in UN Environment Programme (2011). The change in PM 2.5  concentrations in 
each region is then used to calculate changes in premature deaths based on equa-
tions (4.2) and (4.3), and the result is then monetized. 

 Averaged across the 20 countries considered in this chapter, the damage from 
SO 2  is $17,640/ton. Individual country estimates, relative to those from the in-
take fraction approach used here, are discussed in the main text of this chapter. 

 As a check on the above results, simulations were also run with an alternative 
specification for relative risk given by equation (4.4): 

     RR ( PM  2.5 ) = 1 + α(1 – e –γΔ PM   2.5  
δ  

),   (4.4) 

 in which parameters α, γ, and δ are calibrated for each of the four diseases to be 
consistent with Burnett and others (2013). However, the results are only moder-
ately affected. For example, the average damage from SO 2  across the 20 countries 
is 15 percent smaller than when the linear functional form is used. 
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  CHAPTER 5 

 Measuring Nonpollution 
Externalities from  
 Motor Vehicles 

 This chapter consists of three sections focused on the three major, non-pollution-
related externalities from motor vehicles: traffic congestion, traffic accidents, and 
(to a much lesser extent) wear and tear on the road network (relevant for trucks). 
Other data and assumptions needed to implement the corrective motor fuel tax 
formulas from  Chapter 3  are discussed in the annexes to this chapter. 

 CONGESTION COSTS 
 Basically, what is needed here is the cost of reduced travel speeds for other road users 
caused by an extra kilometer of driving by one vehicle, averaged across different 
roads in a country and across times of day. This cost estimate can then be used in 
the formula for corrective motor fuel taxes (equation (3.1)). As noted in  Chapter 3 , 
to manage congestion on the road network most effectively, countries should ideally 
transition to kilometer-based taxes that vary with the prevailing degree of congestion 
on different roads. However, until these schemes are comprehensively implemented, 
charging motorists for congestion costs through fuel taxes is entirely appropriate. 

 The congestion cost has two main components: First is the average added 
travel delay to other road users, as defined more technically in Annex 5.1, which 
(because of lack of direct data) needs to be extrapolated to the country level. 
Second, to convert delays into a monetary cost is the value of travel time (VOT), 
which is related to local wage rates. 

 The chapter begins by using a city-level database (covering numerous coun-
tries) to establish statistical relationships between congestion delays and various 
transportation indicators. These results, and country-level data for those same 
indicators, are then used to extrapolate congestion delays to the country level. 
Next, the way in which delays are converted into congestion costs is discussed. 
Results are presented, then a quick check on the results is performed by compar-
ing them with cost estimates obtained from detailed country-level data (for a 
couple of countries for which these data are readily available). 

 The focus is on the most important cost component (time lost to motorists). 
Box 5.1 reviews some broader costs that should, in principle, be factored into 
corrective fuel tax assessments, but that are beyond the scope of this volume. For 
this reason, along with other assumptions made below, the congestion cost esti-
mates in this chapter are probably on the low side. 
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  Travel Delays at the City Level 
 The starting point is the Millennium Cities Database for Sustainable Transport, 
which provides detailed information on transportation in 100 cities (10 are dis-
carded because of missing data).  1   These cities are listed in Annex 5.2. 

 The data are for 1995 and therefore rather dated, though they are the best 
available. Moreover, the age of the data need not be a problem because they are 
used for estimating statistical relationships between travel delay and transporta-
tion indictors, which are then matched with recent, country-level data on those 
indicators to provide up-to-date country-level estimates of travel delay. This ap-
proach is reasonable so long as the statistical relationships between delays and 
transportation indicators have not changed substantially since 1995. 

 The average road network speed in the database is the average speed of all 
motor vehicles (average for 24 hours/day, 7 days/week) on all classes of road in 
the metropolitan area.  2   These data provide information on recurrent congestion 
delays (occurring each day under normal driving conditions) but not on the aver-
age amount of nonrecurrent congestion (occurring from sporadic events such as 
accidents, bad weather, and road work). In this sense congestion costs are under-
stated, perhaps significantly.  3   

 Broader Costs of Congestion 
  One additional cost, beyond the pure time losses from travel delay, is the added fuel 
cost to other motorists from the possible deterioration in fuel efficiency experienced 
under congested conditions. The link between slower travel speeds and fuel consump-
tion rates is complicated, however (Greenwood and Bennett, 1996; Small and Gómez-
Ibáñez, 1998). Sometimes congestion slows traffic without increasing stop-and-go 
conditions, which could improve fuel efficiency for some range of relatively fast travel 
speeds. For the United States as a whole, Schrank, Lomax, and Eisele (2011, p. 5) esti-
mate added fuel costs to be about 5 percent of the total costs of congestion, suggest-
ing that these costs may have only modest implications for corrective fuel taxes.  

  Other, more subtle, costs of congestion may be more significant. For example, people 
may choose to set off earlier or later to avoid the peak of the rush hour, which may cause 
them to arrive earlier or later at their destination than they would otherwise prefer, 
perhaps because early arrival means they waste time waiting for an appointment, or 
late arrival runs the risk of penalties at work. Furthermore, congestion can result in day-
to-day uncertainty about travel times, making it more difficult to plan the day (e.g., 
scheduling appointments, dinner times, and day care pickups). Studies suggest that 
travel time variability alone might raise the overall costs of congestion by about 10–30 
percent (Eliasson, 2006; Fosgerau and others, 2008; Peer, Koopmans, and Verhoef, 2012). 

 BOX 5.1   

  1 The database was developed by the International Association of Public Transport (UITP) and the 
Institute for Sustainability and Technology (ISTP) in 2001.  
   2 Most of the speed data are calculated using traffic counts and assumptions about how speed varies 
with traffic volume.  
   3 A study for Canada, for example, suggests that nonrecurrent congestion costs could be as large as 
those for recurrent congestion (Transport Canada, 2006).  
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 TABLE 5.1 

 City-Level Travel Delays and Other Characteristics, Region Average, 1995 

Region
Number 
of cities

Average 
speed 
(km/
hour)

Average 
delay 

(hours/
km)

Metropolitan 
GDP (1995 

US$ per 
capita)

Annual km 
driven per car 

(thousands)
Road capacity 

(km/car)
Cars per 
capita

Africa 7 33.6 0.0159 2,500 11.8 33.2 0.10
Asian Affluent Cities 5 31.3 0.0164 34,800 12.2 16.3 0.22
Other Asian Cities 12 20.6 0.0342 4,200 10.5 20.0 0.09
Eastern Europe 5 31.3 0.0164 5,600 7.6 8.1 0.31
Western Europe 33 32.9 0.0144 31,900 11.3 12.4 0.41
Latin America 5 29.4 0.0195 5,400 10.1 16.0 0.19
North America 15 47.7 0.0058 27,900 18.5 17.3 0.57
Middle East 3 36.9 0.0153 7,700 14.9 12.7 0.19
Oceania 5 44.2 0.0074 19,800 12.9 22.4 0.58

All Cities 90 34.2 0.0158 21,000 12.4 16.6 0.34

 Sources: Millennium Cities Database; and for average delay, authors, calculations. 
 Note: Figures are simple averages across urban centers in different regions. The average road network speed is the average 

speed of all vehicles (24 hours/day; 7 days/week) on all classes of road in the metropolitan area.  

 As indicated in Table 5.1, across all cities the average travel speed is 34.2 kilo-
meters/hour, with speeds well above this average in North American cities (47.7 
kilometers/hour) and well below it in non-affluent Asian cities such as Delhi 
(20.6 kilometers/hour). 

 The speed data are used to derive average travel delays using assumptions 
about travel speeds that would occur in the absence of congestion.  4   As indicated 
in Table 5.1, these estimated average delays per vehicle-kilometer are lowest in 
North America (0.006 hours/kilometer), and more than twice as large in western 
and eastern Europe, the Middle East, Africa, and affluent Asian cities such as 
Tokyo. Delays per kilometer are greater still in Latin American cities and non-
affluent Asian cities. 

  Statistical regressions are used to obtain a relationship for predicting average 
delays for countries as a whole, using common indicators that are available both 
for the 90 cities in the Millennium Cities Database and in the country-level data 
discussed below. These variables comprise the following: 

 • Metropolitan GDP per capita (an indicator of a city’s level of economic 
development) 

 • Annual car-kilometers (an indicator of traffic mobility) 
 • Road length or capacity per car 
 • Cars in use per capita (this, and the previous variable, are indicators of traf-

fic intensity, relating to transport infrastructure and supply). 

   4 These free flow speeds (which are not available in the data) are assumed to be 57 kilometers/hour 
(35 miles/hour) or 65 kilometers/hour (40 miles/hour), according to whether cities have relatively 
high or relatively low road density per urban hectare (in fact, for some cities, the observed travel speeds 
are close to the free flow speeds). These assumptions are roughly in line with those in Parry and Small 
(2009).  
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   5 The most recent data are for 2007, which is assumed to provide a reasonable approximation for de-
lays in 2010.  

 Common statistical techniques are used to estimate coefficients that show the 
contribution of each of these indicators toward explaining average travel delays 
across cities, using functional forms that best fit the data. Further details, along 
with the statistical regression results, are provided in Annex 5.3. 

 Ideally, additional variables would be included in these regressions to improve 
statistical accuracy. However, because the purpose is to make country-level extrapo-
lations, only those indicators for which data are available at the country level can 
be used. Despite this limitation, a reasonably good statistical fit is still obtained. 

 Projecting Country-Level Delays 

 The estimated statistical relationships between the average delay and the four key 
indictors at the city level are now used to project the average delay for 150 coun-
tries (all countries for which these data are available), with the country-level indi-
cators. For this purpose, GDP per capita is taken from World Bank (2013) and 
all other indicators from  World Road Statistics 2009  (IRF, 2009).  5   For 81 of the 
countries, data on car-kilometers traveled are missing. Annex 5.3 describes how 
this data gap was filled using supplementary statistical regressions. 

   Table 5.2   summarizes the key indicators by region. At the country level, per 
capita incomes are lower, annual kilometers driven per car are higher, and road 
capacity per car is smaller than in the city-level data shown in   Table 5.1  . 

  The estimated coefficients from the city-level analysis are used together with 
country-level variables to predict the average nationwide delays in the 150 coun-
tries. Because the city-level regression is based on 90 major cities, the average 
predicted delay represents the urban congestion level for each country, excluding 
the rural areas. To predict the average delay at the country level, the predicted 

 TABLE 5.2 

 Country-Level Travel Delays and Other Characteristics, Region Average, 2007 

Region
Number of 
countries

Predicted 
average delay 

(hours/km)

Country GDP 
(2007 US$ 
per capita)

Annual km 
driven per 

car 
(thousands)

Road 
capacity 
(km/car)

Cars per 
capita

Africa 45 0.0046 2,300 36.3 1,395 0.03
Asia 33 0.0053 9,900 16.3 362 0.11
Europe 43 0.0025 26,900 9.4 65 0.35
Latin America 11 0.0049 5,100 21.9 185 0.09
North 

America
11 0.0048 12,100 19.5 103 0.15

Oceania 7 0.0028 11,900 18.1 290 0.20

All Countries 150 0.0041 12,400 21.0 551 0.16

 Sources: IRF (2009); and authors’ estimates of some data on annual km driven per car (see Annex 5.3). Average delay is pre-
dicted using procedures described in the text. 

 Note:  km = kilometer.  Amounts are simple averages across countries—therefore, for example, high average delays in Mex-
ico inflate the average amount for North American countries.   
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urban average delay is scaled by the urban population ratio, on the assumption 
that rural congestion is negligible. 

 Comparing the results in the second column of   Table 5.2   with those from 
  Table 5.1  , the average vehicle delays at the country level are about one-quarter to 
one-half of those at the city level. This difference makes sense—the city level data 
focus only on delays in large cities (where congestion is especially severe), whereas 
the country-level estimates also account for driving in rural areas and medium 
and small cities. Nonetheless, it is important to bear in mind that average travel 
delays at the country level are estimated with a fair amount of imprecision, espe-
cially for countries for which there might be substantial errors in the measure-
ment of transportation indicators.  6   

 From Delays to Congestion Costs 

 This section explains how delays that one vehicle imposes on others are derived 
from the above estimates and then monetized. Complications posed by other 
vehicles on the road, such as buses, are also discussed. 

 Deriving delays imposed on others by one vehicle 

 A specification commonly used by transportation engineers for the relationship 
between travel speed or time and traffic volume results in a simple relationship 
between average delays per kilometer (estimated above) experienced by individual 
drivers and the increased travel time that one extra vehicle implies for all other 
vehicles on the road. 

 When travel delay is a simple power function of traffic volume relative to road 
capacity, with the exponent in this function denoted by β, then the extra delay 
one vehicle imposes on other vehicles is simply β times the average delay per ki-
lometer (see Annex 5.1). Empirical studies suggest that β is roughly in the range 
of 2.5–5.0, with higher values in this range applicable to larger urban centers. In 
this analysis, β is assumed to be 4.  7   

 Finally, delays to other passengers are obtained by multiplying delays to other 
vehicles by the vehicle occupancy rate, assumed to be 1.6 (Annex 5.4).  8   Alterna-
tive assumptions about vehicle occupancy and the exponent β would have 

   6 In a handful of cases for which the results looked especially questionable, average delays per kilometer 
were extrapolated from other countries. For example, delays for Bangladesh and Kazakhstan were 
  extrapolated from India and Russia, respectively, and included an adjustment for differences in urban-
ization rates between countries.  
   7 This assumption is consistent with the Bureau of Public Roads formula, the traditional method for 
predicting vehicle speed as a function of the volume-to-capacity ratio. See Small and Verhoef (2007, 
pp. 69–83) and Small (1992, pp. 70–71) for further discussion. Obviously the above approach is 
highly simplified—speed/volume relationships may vary considerably with the characteristics of spe-
cific roads (e.g., speed limits, frequency of stop lights and sharp bends) and across different times of 
day. But the assumed value for β seems to be a reasonable rule of thumb for representing average travel 
conditions in urban areas.  
   8 This is slightly higher than the average vehicle occupancy rates for London, Los Angeles, and Wash-
ington calculated in Parry and Small (2009).  
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   9 Much evidence, at least from advanced countries, suggests that the VOT increases approximately in 
proportion to income, which backs up this assumption (Small and Verhoef, 2007, p. 52). Abrantes 
and Wardman (2011) determine that a 10 percent increase in income increases the VOT by 9 percent.
It might be argued that the VOT should be adjusted upward in countries with relatively low vehicle 
ownership rates, where ownership is skewed toward higher wage groups. No adjustments are made,    
 however, partly because of data limitations. But the issue is not clear cut either—conceivably, higher-
income people (at least those living in more expensive housing closer to downtown areas) drive less 
under congested conditions than do other motorists.  
   10 There are data gaps for six countries in ILO (2012). For these cases, wages are proxied using GDP 
per capita. Ideally, urban wage rates (adjusted downward for differences compensating for higher 

proportional effects on the congestion costs reported below (e.g., if β = 5 or aver-
age vehicle occupancy is 2, congestion costs would be 25 percent greater). 

 Value of travel time (VOT) 

 The discussion now turns to the VOT, which is needed to monetize congestion 
costs. 

 According to economic theory (Becker, 1965), on average, people should or-
ganize their time such that they are indifferent between an extra hour at work and 
an extra hour of nonmarket time (e.g., relaxing at home, looking after the chil-
dren). Therefore, an extra hour of nonmarket time is commonly valued by the 
benefit to individuals of an extra hour of forgone work, namely, the after-tax 
hourly wage (i.e., the market wage after netting out personal income and em-
ployee payroll taxes, and consumption taxes paid when wages are spent). 

 As a first pass, people might also value an extra hour of travel time by the 
net-of-tax wage, which would suggest a VOT of about 50–70 percent of the 
market wage for a typical advanced country. More generally, the monetary cost of 
travel time could be lower (if people enjoy driving, for example, because they can 
listen to music) or higher (if people enjoy the workplace, for example, because of 
interaction with colleagues). 

 A large empirical literature estimates the VOT for personal travel using re-
vealed and stated preference techniques similar to those discussed in  Chapter 
4 . A revealed preference study might involve, for example, estimating people’s 
willingness to pay extra auto fuel and parking costs to save time as compared 
with an alternative, slower travel mode, while a stated preference study might 
involve directly asking people what tolls they might pay for a faster commute. 

 For Canada, France, the United Kingdom, and the United States, literature 
reviews suggest that a VOT of about half the market wage is a reasonable rule of 
thumb for general automobile travel (see   Table 5.3  ). The VOT is somewhat 
higher for commuting (e.g., because of penalties for late arrival at work) than for 
non-market-related trips such as shopping, taking the children to school, or going 
to the gym—16 percent higher according to Wardman (2001). Here the VOT is 
assumed to be 60 percent of the market wage, given that most delays occur during 
the commuter-dominated peak period.  

 The VOT-to-market wage ratio is assumed to be the same across all countries.  9   
The wage data are from the International Labor Organization’s Global Wage 
Database (ILO, 2012) and are nationwide measures for 2010.  10   

©International Monetary Fund. Not for Redistribution



 Measuring Nonpollution Externalities from Motor Vehicles 107

living costs) would be used in preference to nationwide wages, but a comprehensive, international data 
set is not available.  
   11 There are some nuances. The relative differences between developed and developing countries are a 
bit more pronounced for the VOT because relative wages across countries are compared whereas 
Figure 4.2 compares relative income raised to the power 0.8. There are also some differences even 
among similar-income countries. For example, the United States has a higher mortality valuation than 
Australia but slightly lower VOT, reflecting the depressing effect on U.S. wages of relatively high labor 
force participation among migrants and secondary family workers, and relatively little influence of 
labor unions or labor market regulations on inflating wages.  
   12 In many cases the bus share is very low (e.g., about 1 percent or less of vehicle-kilometers traveled 
in Washington, Los Angeles, and London—see Parry and Small, 2009).  

 TABLE 5.3 

 Reviews of Empirical Literature on the Value of Travel Time (VOT) 

Study About the study

Recommended VOT 
(percent of market 

wage)

Waters (1996) Reviews 56 estimates from  
 14 countries

35–50

Wardman (1998) Review of U.K. studies 52
Mackie and others (2003) Review of U.K. studies 51
US Department of 

Transportation (1997)
Review of U.S. studies 50

Transport Canada (1994) Review of U.S. and Canadian 
studies

50

Commissariat General du Plan 
(2001)

Review of French studies 59

 Note: Summary findings for these reviews were taken from Small and Verhoef (2007, pp. 52–53). Studies take a weighted average 
 over different trip types (usually at peak period) except for Waters (1996) who focuses exclusively on commuter trips.   

   Figure 5.1   shows the VOT for selected countries. Broadly speaking, the rela-
tive pattern of VOTs across countries is similar to that for the value of mortality 
risks in   Figure 4.2   of  Chapter 4 .  11   

 Accounting for other vehicles 

 The estimates in this analysis assume that all vehicles on the road are cars, whereas 
in practice the vehicle fleet comprises a mixture of cars, buses, trucks, and two-
wheel motorized vehicles. Annex 5.4 discusses and applies a formula that shows 
the ratio of congestion costs (properly estimated accounting for the mix of vehi-
cles) relative to the congestion cost estimated here. 

 If trucks and two-wheelers account for a sizable portion of the vehicle fleet 
(but buses do not) the estimates are not very different. However, if buses account 
for a significant portion of vehicle-kilometers, the estimates here can substantially 
understate congestion costs (see the Annex 5.4). Cars have a significantly greater 
impact on increasing travel times for other road users when a greater portion of 
vehicles on the road are carrying large numbers of passengers. An adjustment is 
not made here, however, because data on the share of buses in urban vehicle- 
kilometers are not available for many countries.  12   
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  Figure 5.1   Value of Travel Time, Selected Countries, 2010 
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Source: Authors’ calculations.

 Finally, in the computation of corrective diesel fuel taxes, an extra truck- 
kilometer is assumed, based on the literature (Lindsey, 2010, p. 363; Transporta-
tion Research Board, 2010; Parry and Small, 2009), to contribute twice as much 
to congestion as an extra car-kilometer (trucks drive more slowly and take up 
more road space, though a partially offsetting factor is that they tend to be driven 
less intensively on congested roads). 

 Results 

   Figure 5.2   shows nationwide congestion costs imposed on others per extra car-
kilometer, for 20 selected countries. 

 The congestion cost for the United Kingdom, for example, is US$0.09/kilometer. 
Australia, Germany, Israel, Korea, and South Africa all have broadly similar conges-
tion costs, while Turkey’s is substantially higher, and Japan’s higher still. (Although 
Japan has a relatively high VOT, most of the difference is due to its greater estimated 
travel delays.) Congestion costs for the United States, where a smaller portion of 
nationwide driving occurs under congested conditions, are lower at US$0.064/ 
 kilometer (though this U.S. estimate seems on the high side relative to a potentially 
more accurate estimate discussed below). China’s estimated congestion cost is 
US$0.05/kilometer, less than the United States—despite China having greater average 
travel delays—because of its much lower assumed VOT. Low VOTs also help explain 
the low congestion costs (less than US$0.01/kilometer) in India and Kazakhstan. 
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   Figure 5.3   shows ranges of estimated congestion costs for all countries, where 
data allow. Again, these costs are relatively high in western Europe (where a large 
portion of driving occurs under congested conditions and people have a high 
VOT) and, except for South Africa, relatively low in Africa (where the VOT is 
lowest). The United States, Latin America, and Australia are intermediate cases. 

 Robustness Checks 

 For the United Kingdom and the United States, detailed data on travel delays for 
road classes in different regions are available and can be combined into an alterna-
tive estimate of nationwide average delay as a check on the above estimates (see 
Annex 5.5 for estimation procedures and data sources). 

 For the United Kingdom, the average delay per vehicle-kilometer obtained 
from this alternative data source is almost exactly (within 1 percent of ) that esti-
mated above, providing some reassurance that the approach, at least for the 
United Kingdom, might be reasonable. For the United States, the average delay 
using the alternative data is 59 percent of that estimated above, suggesting that 
the estimate in this analysis may be on the high side for that particular country. 

 The delay estimates from country-level data should be more reliable than 
the extrapolations presented above, though the former are surprisingly hard to 
come by (transportation authorities do not routinely collect these data). The 

  Figure 5.2  Congestion Costs Imposed on Others per Car-Kilometer, Selected Countries, 2010 
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 Figure 5.3  Congestion Costs Imposed on Others per Car-Kilometer, All Countries, 2010
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approach used in this chapter suffers from imprecision given the limited num-
ber of indicators common to both the city- and country-level data, issues with 
the quality of both city- and country-level data sets, and the possibility that the 
underlying relationship between the average delay and city or country charac-
teristics might have evolved with changes in infrastructure, technology, and 
traffic rules. However, it is hard to gauge the direction, let alone the magni-
tude, of bias for individual countries. Moreover, broadly speaking the pattern 
of relative congestion costs across different countries estimated above seems 
plausible, even though the individual country estimates may not be especially 
accurate. 

 ACCIDENT COSTS 
 The total societal costs from road traffic accidents can be substantial, and are 
often underappreciated. Gauging the appropriate charge for accident risk to be 
reflected in fuel taxes as a complement to other measures such as road safety in-
vestments is difficult, however, for two reasons. 

 First, conceptually it is a bit tricky to judge whether certain categories of costs 
should be viewed as “internal” because individuals take them into account in their 
driving decisions, or “external,” that is, borne by others. (Only the latter warrant 
corrective taxes.) 

 Second, although data are often available for road fatalities, they are usually 
not available for other accident costs such as nonfatal injuries, medical and prop-
erty damage costs, and even fatality data are not always broken down in a way 
that permits assessment of external costs. 

 The estimates in this chapter necessarily rely on some judgment calls, extrapo-
lations to fill in missing costs, and transfers of fatality breakdowns across similar 
countries. For these and other reasons, the accuracy of cost estimates can be ques-
tioned. But again, the estimates provide some plausible and transparent sense of 
external accident costs, shed light on why these costs differ across countries, and 
highlight the data needed to improve the future accuracy of cost assessments. 

 The discussion proceeds as follows: conceptual issues are reviewed in an at-
tempt to categorize different accident costs into internal versus external risks; the 
estimation of external costs is discussed; then results are presented. 

 Classifying Accident Risks: Some General Principles 

 The main societal costs of road accidents include personal costs of fatal and non-
fatal injuries, medical costs, and property damage.  13   

   13 Other costs from traffic accidents, such as those from traffic holdups, police and fire services, insur-
ance administration, and legal costs, are beyond the scope of this chapter. According to some studies, 
they appear to be modest relative to other costs (e.g., US FHWA, 2005; Parry, 2004, Table 2). That 
might seem surprising for traffic holdups given that some accidents cause severe traffic disruptions, 
but these accidents constitute only a small share of total accidents. Productivity losses are taken into 
account in the monetary values assigned to different types of injuries.  
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 Injuries 

 Injury risks to pedestrians and cyclists, to vehicle occupants in accidents involving 
only a single vehicle, and to vehicle occupants in accidents involving multiple 
vehicles are considered separately. 

  Pedestrian and cyclist injuries : It is normally assumed that motorists do not take 
into account injury risks they pose to pedestrians and cyclists when deciding how 
much to drive (Newbery, 1990; Parry, 2004).  14   Such risks are therefore classified 
as external. 

  Injury risk to occupants in single-vehicle collisions:  For accidents involving one 
vehicle, it is standard to view the injuries to occupants of such vehicles as risks 
that are taken into account: in other words, if individuals put themselves at 
greater risk (by getting in the car more often), this is not viewed as a basis for taxa-
tion to deter this behavior.  15   For similar reasons, injury risks to other occupants 
(e.g., family members) in single-vehicle collisions are generally viewed as internal-
ized risks. 

  Injury risks to occupants in multivehicle collisions:  Here the delineation between 
internal and external risks becomes murky. The issue is how extra driving by one 
vehicle affects injury risks to occupants of other vehicles. All else the same, extra 
driving by one motorist leads to more cars on the road and greater risks to 
others—cars have less road space on average and are therefore more likely to col-
lide. In this case, injury risks to other vehicle occupants would increase approxi-
mately in proportion to the amount of traffic. 

 However, all else might not be the same: with more vehicles on the road, mo-
torists may drive more carefully or be obliged to drive more slowly. Thus, an 
offsetting reduction in accident frequency and in the average severity of injuries 
in a given accident (because vehicles collide at slower speeds) might occur. 
 Although slightly slower driving may not do much to reduce injury risks to 
 unprotected pedestrians, the effect may be more pronounced for other vehicle 
occupants, who have a greater degree of protection. What matters, then, is 
the  impact of additional driving on the “severity-adjusted” injury risk to other 
vehicle  occupants. However, available evidence is inconclusive.  16   

 An intermediate assumption between the two more extreme cases is considered 
in this analysis. In one case, additional driving leads to a proportionate increase 

   14 However, once on the road, drivers likely take care to lower the risks of hitting pedestrians and cy-
clists. Because observed injury data reflect this likelihood, it is taken into account in the corrective tax 
estimates.  
   15 Motorists may lack an accurate sense of risks to themselves but, in the absence of evidence to the 
contrary, it seems reasonable to assume that the average motorist does not systematically understate 
or overstate these risks—and even if there were such evidence, information campaigns to better edu-
cate drivers might be a better response than corrective fuel taxes.  
   16 For example, Edlin and Karaca-Mandic (2006) find that extra driving substantially increases average 
insurance costs per kilometer driven, suggesting higher per kilometer property damage costs (though 
how other costs, like fatality risk, change is not clear). However, studies by Lindberg (2001), Traynor 
(1994), and Fridstrøm and others (1995) suggest that extra driving may have only limited effects, and 
possibly even a negative effect, on severity-adjusted accident risk.  
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in injury risks to others (there is no offsetting decline in severity-adjusted accident 
risk due to slower or more careful driving). In the second case, extra driving has 
no effect on severity-adjusted injury risks to others; increased risk to others is 
completely offset by a decline in the average severity of injuries. 

 In the first case, it is assumed that half of injuries in multivehicle collisions are 
external based approximately on the logic that, on average, one vehicle is respon-
sible for the collision and another is not and that those at fault take into account 
risks to occupants of their vehicles but not occupants of other vehicles (Parry, 
2004). In the second case, all injuries in multivehicle collisions are internal. Split-
ting the difference suggests that one-quarter of multivehicle collision injuries 
should be treated as external. 

 Medical and property damage costs 

 Medical costs associated with all traffic-related injuries are largely borne by third 
parties (the government or insurance companies), though individuals typically 
bear some minor portion of these costs through, for example, copayments and 
deductibles. 

 It is difficult to pin down how much property damage, primarily repairs or 
replacement costs for damaged vehicles, drivers take into account. In countries 
with comprehensive insurance systems, some costs are borne by third parties 
(insurance companies) but other costs are borne by drivers in the form of deduct-
ibles and possibly elevated future premiums following a crash.  17   

 Accident risks from heavy vehicles 

 Accident costs for trucks are needed to compute the corrective diesel fuel tax. At 
first glance, it might appear that trucks would impose much greater risks to other 
road users than cars, given their much greater weight. A counteracting factor, 
however, is that trucks are driven at slower speeds than cars and that truck drivers 
are professionals, which may further reduce their crash risk (e.g., because truck 
drivers are unlikely to drink and drive).  18   According to a detailed study by the 
United States Federal Highway Administration (US FHWA, 1997, Table V-24), 
overall external accident costs per vehicle-kilometer are only slightly higher for 
heavy vehicles than for cars—therefore, these costs are assumed in this analysis to 
be the same for cars and trucks (see also Parry and Small, 2009). 

 External Cost Assessment 

 IRF (2012) provides data on traffic fatalities for 2010 or the latest available for 
most countries, based on local data, such as from police reports. WHO (2013) 

   17 Premiums may also vary moderately with an individual’s stated annual driving, which also provides 
some, albeit very weak, link between extra driving and property damage (in the form of greater pre-
miums) paid by drivers. And to the extent that insurance companies have market power, motorists 
may be taxed, in effect, for risks of property damage.  
   18 In 2010, the crash frequency per kilometer driven in the United States for light-duty vehicles was 
almost four times that for trucks (BTS, 2012, Tables 2.21 and 2.23).  
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provides data on the breakdown of fatalities by pedestrians, cyclists, occupants of 
motorized two- to three-wheelers, occupants of four-wheelers, and a miscella-
neous category (e.g., bus riders). In cases in which only total fatalities are re-
ported, the breakdown is assumed to be the same as in another, similar country 
in the same region. The data used here likely underreport, perhaps substantially, 
road fatalities for many developing countries, providing yet another reason the 
corrective fuel tax estimates presented later might be understated.  19   

 The vehicle occupant data do not separate out deaths in multivehicle colli-
sions from those in single-vehicle collisions. Based on a simple average across 
five country case studies (discussed in Annex 5.6), 57 percent of fatalities of 
occupants of two-, three-, and four-wheelers are assumed to occur in multive-
hicle collisions. And from the previous discussion, 25 percent of these are ex-
ternal fatality risks, as are all of the pedestrian and cyclist fatalities. The same 
values by country as used in  Chapter 4  for pollution deaths are used to mone-
tize these fatalities.  20   

 Data are not available for most countries for other components of external 
accident costs—nonfatal injuries, medical costs, and property damage. However, 
based on comprehensive estimates of these costs for Chile, Finland, Sweden, the 
United Kingdom, and the United States, a relationship between the ratio of these 
other external costs  21   to the external costs of fatalities was estimated as a function 
of the share of external fatalities in total fatalities (Annex 5.6); in countries with 
a high incidence of pedestrian deaths, the relative size of other external costs tends 
to be smaller. The external cost ratio was then inferred for different countries 
based on their shares of external fatalities in total fatalities, and the external costs 
were scaled up accordingly. 

 Results 

   Figures 5.4   and   5.5   show, respectively, the external accident costs for selected 
countries and for all countries expressed, to facilitate comparison with congestion 
costs per vehicle-kilometer of travel by car or truck. (See Annex 5.3 on measure-
ment of vehicle-kilometers.) 

 Higher-income countries tend to have a lower incidence of injuries per kilometer 
driven because as countries develop, vehicle and road safety tend to improve, and the 
ratio of pedestrians and cyclists to motorists declines (Kopits and Cropper, 2008).  22   
This lower incidence of injuries is partially, but not entirely, offset by higher 

   19 For example, fatalities in India were 133,938 for 2010 according to IRF (2012), but were estimated 
to be 231,027 in 2010 by WHO (2013).  
   20 In principle, it might seem that a higher value should be used for traffic-related deaths, given that 
the average age of someone dying in a road accident is lower than for the average person dying from 
pollution-related illness (Small and Verhoef, 2007, p. 101). However, for reasons discussed in Box 4.3 
of Chapter 4, an adjustment is not made.  
   21 Property damage accounts for 42 percent of other external costs, nonfatal injuries 38 percent, and 
medical costs 20 percent, based on a simple average across the studies.  
   22 In India, for example, there are 40 external deaths per billion vehicle-kilometers compared with 2 
in the United States.  
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valuations of fatality and injury risk in higher-income countries. Loosely speaking, 
therefore, these figures show a pattern, with some exceptions, of lower external ac-
cident costs per kilometer in higher-income countries. For example, costs are signifi-
cantly less than US$0.04/kilometer in Australia, Japan, western European countries, 
and the United States, and more than US$0.06/kilometer in some Central and 
South American and African countries, and in India, Kazakhstan, and Russia. 

 Note also (comparing   Figures 5.2   and   5.3  ) that external accident costs can be 
of the same broad order of magnitude as congestion costs. In fact, in 11 of the 
selected countries, accident costs are greater than congestion costs. 

 ROAD DAMAGE COSTS 
 Vehicle use causes an additional adverse side effect through wear and tear on the 
road network. However, given that road damage is a rapidly rising function of a 
vehicle’s axle weight, nearly all of the damage is attributable to heavy-duty vehi-
cles; road damage costs for light-duty vehicles make little difference for corrective 
fuel taxes (US FHWA, 1997) and are ignored in this analysis.  23   Road damage 

  Figure 5.4  External Accident Costs per Vehicle-Kilometer, Selected Countries, 2010 
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Source: Authors’ calculations. 
Note: Figure shows external accident costs (reflecting fatal and nonfatal injuries, medical costs, and property damage) 

expressed per kilometer driven by cars or trucks.

   23 Road damage increases approximately in proportion to the third power of a vehicle’s axle weight 
(Small, Winston, and Evans, 1989), though there is considerable variation across road surfaces.  
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costs also vary considerably across different classes of trucks, which would matter 
for the design of a finely tuned system of axle weight tolls. However, the concern 
in this analysis is with damage caused by trucks as a group, so that it can be fac-
tored into the corrective diesel fuel tax. 

 Road damage consists both of the pavement repair costs incurred by the gov-
ernment and increased operating costs for vehicles attributable to bumpier roads. 
However, if the government steps in to repair roads once they reach a predeter-
mined state of deterioration, then as a rough rule of thumb, the total external cost 
of road damage can be measured by average annual spending on maintaining the 
road network.  24   

 A complication is that road damage is jointly caused by vehicle traffic and 
weather, such as ice creating and exacerbating holes and cracks in the pavement, 
which are further enlarged by vehicle traffic. Empirical work for apportioning 
damage to trucks versus weather is sparse. Depending on road strength (e.g., 
thickness), Paterson (1987, p. 372) suggests that vehicles cause 40–90 percent of 
damage in warm, dry, or subhumid climates; 20–80 percent in arid, freezing cli-
mates; and 10–60 percent in moist, freezing climates.  25   Here trucks are assumed 
to account for 50 percent of the damage in all countries.  26   

 IRF (2009, Table 8.2) provides separately spending on road maintenance and 
capacity investments aggregated over all levels of government for 2007 (or the 
latest available) for 74 countries. For other countries, IRF (2009) provides total 
highway spending, but not the maintenance-to-investment decomposition; there-
fore, this breakdown is inferred from a similar country in the same region for 
which the breakdown is available. For the remaining 10 countries for which no 
spending data are available, maintenance expenditure per truck-kilometer is as-
sumed to be the same as a similar country in the same region. Scaling by the share 
of trucks (as opposed to climate) in total damage gives the damage attributable to 
trucks by country. 

 SUMMARY 
 Congestion costs are estimated using extrapolations of travel delays from a city-
level database to the country level (in the absence of direct data on these delays) 
and travel time valuations from the literature. Accident costs are assessed by mak-
ing assumptions about what portion of road fatalities in different countries reflects 
risks that motorists do not take into account, and making some upward adjust-
ments to allow for other components of accident risk (property damage, medical 
costs, and nonfatal injuries). Both congestion and accident costs are sizable (and 

   24 If roads are repaired more frequently, government resource costs are higher but there is less deteriora-
tion of vehicle operating costs, and vice versa. See Newbery (1987) for a more precise discussion.  
   25 See also Newbery (1987) for similar findings.  
   26 A more accurate calculation (but one that would have little impact on overall corrective diesel fuel 
tax estimates) would involve classifying countries by climate zone and, better still, average road 
strength, and applying different assumptions about the proportion of damage attributable to trucks.  
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likely understated); in some cases, accident costs exceed congestion costs. Road 
damage is also estimated by attributing a portion of road maintenance expendi-
tures to trucks, though these costs are modest in relative terms. A few extra steps 
are needed to calculate corrective motor fuel taxes; see Annex 5.7 for details. 

 All of the cost estimates are rudimentary and there will be ample scope for 
reforming them in the future as data, such as on travel delays, become more 
widely available and analytical work helps to resolve some of the uncertainties 
(e.g., about the VOT in low-income countries, or the safety risks that one driver 
poses to other road users). In the meantime, however, these cost estimates enable 
a first-pass estimate of corrective motor fuel taxes that can be studied and might 
serve as a useful starting point for discussions about tax reform. 

 ANNEX 5.1. MEASURING CONGESTION COSTS: 
SOME TECHNICALITIES 
 The total hourly costs ( TC  ) of congestion to passengers in vehicles driving along 
a one-kilometer lane-segment of a highway can be expressed as 

TC V V o VOTVVf=V ×VV( [TTT ] )T fT f , (5.1)

 in which  V  denotes traffic volume or flow—the number of cars that pass along 
the kilometer-long stretch per hour (the implications of other vehicles on the road 
are discussed below).  T  f   is travel time per kilometer when traffic is freely flowing, 
and  T  (which exceeds  T  f    ) is the actual travel time, an increasing function of the 
traffic volume (speeds fall with less road space between vehicles). The component 
 o  is vehicle occupancy, or average number of passengers per vehicle. The total 
travel delay from congestion for all passengers is therefore  V  × ( T  T  f    ) ×  o , where 
T T  f   is the average delay per vehicle-kilometer. Multiplying total travel delay by 
the value of travel time (VOT) expresses delays as a monetary cost. 

 Dividing  TC  by traffic volume gives the average cost of congestion ( AC  ) per 
vehicle-kilometer: 

AC o VOTVVf= ×( )T T fT T f . (5.2)

AC  is the cost borne by individual motorists that, on average, they should take 
into account when deciding how much to drive. 

 Differentiating  TC  with respect to  V  gives the added congestion cost to all 
road users from an extra vehicle-kilometer: 

dTCTT
dV

AC
dT
dV

V o VOT= +AC ×V × .
 

(5.3)

 This added cost includes the average cost (taken into account by the driver), as 
just described. It also includes the cost to occupants of other vehicles, which is 
not taken into account by the driver. The latter is the delay to other vehicles, 
( dT / dV  ) ×  V , times the average number of people in other vehicles, times the 
VOT to express costs in monetary units. 
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 Suppose, as discussed in the main text, that travel delay can be approximated 
by a power function of traffic volume, that is, 

T T Vf =T f α β , (5.4)

 in which α and β are constants. The constant α reflects factors like road capacity, 
and β reflects the rate at which additional traffic diminishes travel speeds. Dif-
ferentiating this expression by  V  gives dT/dV = βV β–1. Then using (5.4) gives 
the following: 

 
dT
dV

V× ×V ( )T T fT T fT β.
 

(5.5)

 The delay to other vehicles, ( dT / dV     ) V , simply the product of average delay 
and the scalar β. As discussed in the main text, empirical studies suggest a value 
for β of between about 2.5 and 5.0 for congested roads. 

 If speed data are available, average delay can be estimated using the following 
equation: 

T
S

T
S

f
f T f1 1

T f, ,T f
 

(5.6)

 in which  S  and  S  f   are the actual and the free-flow travel speeds (kilometers/hour). 

 ANNEX 5.2. CITIES COMPRISING CITY-LEVEL 
DATABASE 
 Cities covered in the city-level database, which is used to obtain statistical rela-
tionships between travel delays and various transportation indicators, are listed in 
Annex Table 5.2.1.  

 ANNEX TABLE 5.2.1  (Continued)

Cities in the City-Level Database (Used to Extrapolate Congestion Costs)

Western Europe Eastern Europe Middle East Oceania
Amsterdam Budapest Riyadh Brisbane
Athens Cracow Tel Aviv Melbourne
Barcelona Moscow Tehran Perth
Berne Prague Sydney
Berlin Warsaw Africa Wellington
Bilogna Abijan
Brussels North America Cairo
Copenhagen Atlanta Cape Town
Dusseldorf Calgary Dakar
Frankfurt Chicago Harare
Geneva Denver Johannesburg
Glasgow Houston Tunis
Graz Los Angeles
Hamburg Montreal Asian Affluent
Helsinki New York Hong Kong

(Continued )
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 ANNEX TABLE 5.2.1  (Continued)

Cities in the City-Level Database (Used to Extrapolate Congestion Costs)

Lille Ottwa Osaka
London Phoenix Sapporo
Lyon San Diego Singapore
Madrid San Francisco Tokyo
Manchester Toronto
Marseille Vancouver Other Asian
Milan Washington Bangkok
Munich Beijing
Nantes Latin America Chennai
Newcastle Bogota Guangzhou
Oslo Curitiba Ho Chi Minh City
Paris Mexico City Jakarta
Rome Rio de Janeiro Kula Lumpur
Ruhr San Paulo Manila
Stockholm Mumbai
Stuttgart Seoul
Vienna Shanghai
Zurich Taipei

    Source: See main text. 
 Note: Excludes 10 cities from the original database that were dropped because of insufficient data.   

 ANNEX 5.3. RESULTS FROM STATISTICAL 
METHODS USED TO RELATE TRAVEL 
DELAY TO TRAVEL INDICATORS 
 As discussed in the main text, statistical regressions were used to estimate the 
contribution of various factors to explaining travel delays across the 90 cities in 
the database. To obtain the best statistical fit (i.e., to reduce the noise from outly-
ing observations or extreme values), average delay and the four explanatory indi-
cators are expressed in natural logarithm form in the regression and second 
 powers of these variables are included. (Both of these are standard statistical 
procedures.) The regression results are presented in Annex   Table 5.3.1  . 

  Interpreting these coefficients is less of a concern than the statistical fit (which 
is reasonably good) because the coefficients are used for prediction rather than for 
establishing causal relationships. In fact, the explanatory variables such as road 
length per car and cars per capita are likely to be simultaneously determined with 
traffic conditions such as average delay (the dependent variable), which con-
founds the interpretation of the coefficients.  27   

 As noted in the main text, car-kilometers driven is not available at the country 
level for 81 countries. To fill in this gap, countries are grouped by region (Europe, 
Oceania, Africa, and so on) and statistical regressions are used to estimate a rela-
tionship for each regional grouping between car-kilometers (for countries for 

   27 For example, the negative sign for kilometers per car suggests, perhaps, that extra traffic creates pres-
sure or incentives for road investment (Duranton and Turner, 2011) or that bad traffic conditions 
discourage driving.  
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 ANNEX TABLE 5.3.1 

 Regression Results for City-Level Average Delay 

Variables Log average delay

log GDP per capita 0.061
0.409

log km driven per car 5.308***
1.776

log road length per car 0.796
1.08

log cars per capita 1.038***
0.242

log GDP per capita2 0.0106
0.044

log km driven per car2 0.515**
0.196

log road length per car2 0.0414
0.11

log cars per capita2 0.100*
0.051

Constant 21.23***
5.04

Observations 90
R-squared 0.659

  Source: See main text. 
 Note: *, **, and *** indicate significance at the 10 percent, 5 percent, and 1 percent levels, respectively.   

which these data are available) and four explanatory variables that are available for 
all countries: per capita income, urban population density, vehicle ownership, and 
road density (using data from IRF, 2009, and World Bank, 2013). Using this 
relationship, and the explanatory variables, kilometers driven per car are then 
derived for countries for which direct data are missing. 

 The natural logarithm of kilometers driven per car and the four explanatory 
indicators (of the 69 countries that have complete data) was taken and the second 
and third power of the log explanatory variables were included to add more flex-
ibility. The regression results are shown in Annex   Table 5.3.2  , though again, 
 because the equation is used for prediction, the interpretation of the estimated 
coefficients is not especially of concern. 

  ANNEX 5.4. ACCOUNTING FOR DELAYS TO 
ALL VEHICLE OCCUPANTS 
 This annex presents illustrative calculations to show how congestion cost estimates 
change when the mix of cars, buses, trucks, and two-wheel motorized vehicles is 
taken into account (the formulas in Annex 5.1 assume cars are the only vehicles). 

 Following from equation (5.1), the total costs of travel delays to all road users, 
when accounting for different vehicle types, is given by: 

TC VOTi i i iVOTT= ( )T T fT ∑ ×V oi iVV i×∑ Vi VV . (5.7)
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 Subscript  i  is used to denote a particular type of vehicle:  i  = car, bus, truck, or 
two-wheeler. For simplicity, congestion is assumed to increase delay for all vehi-
cles by the same absolute amount. 

 Differentiating equation (5.7) with respect to  V  car   , and using the definition of 
 AC  from equation (5.2), gives the following: 

 

dTCTT
dV

AC
dT

dV
o VOT

caVV r cdVV arcc
i i i iVOTT= +AC ∑ ×Vi iVV × . (5.8)

 Comparing equations (5.3) and (5.8), the ratio of the cost imposed on other 
vehicle occupants when there is a mix of vehicles as opposed to just cars is 
given by 

i i i

car carcc

o

o

∑ ⎛
⎝
⎜
⎛⎛
⎝⎝

⎞
⎠
⎟
⎞⎞
⎠⎠
× ×io

×

V
V

VOTi

VOTc

iVV

, (5.9)

 ANNEX TABLE 5.3.2 

 Regression Results for Kilometers Driven per Car 

Variables Log km driven per car

log GDP per capita 5.545*
3.058

log cars per capita 2.596**
1.127

log road length per car 3.359
2.091

log road density 0.113
0.16

log GDP per capita2 1.373**
0.66

log cars per capita2 1.470***
0.487

log road length per car2 0.992
0.738

log road density2 0.145
0.093

log GDP per capita3 0.093**
0.044

log cars per capita3 0.197***
0.063

log road length per car3 0.104
0.083

log road density3 0.016
0.033

Constant 4.988
4.568

Observations 69
R-squared 0.642

  Source: See main text. 
 Note: *, **, and *** indicate significance at the 10 percent, 5 percent, and 1 percent levels, respectively.   
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 in which  V  i   / V  is the share of vehicle  i  in total kilometers driven by all vehicles. 
 For the calculations in the remainder of this annex, the occupancy of trucks 

and two-wheelers is assumed to be one, and (based approximately on Parry and 
Small, 2009, for cities in the United Kingdom and the United States) that for 
buses is assumed to be 20. The VOT for two-wheelers and bus riders is assumed 
to be the same as for car occupants. For freight travel by trucks, the VOT 
should include the employer wage (the market wage plus employer payroll 
taxes) to reflect the per hour costs of labor time lost from congestion. Given 
that the VOT for car travel is 60 percent of the market wage, this implies  
  VOT  truck    / VOT  car    = 1.67. 

 The last column of Annex   Table 5.4.1   shows, based on equation (5.9), conges-
tion costs with different scenarios for the vehicle fleet mix relative to congestion 
costs when cars are the only vehicles on the road. 

 If the only other vehicles are trucks and two-wheelers, there is relatively little 
difference in the results: in Annex   Table 5.4.1  , congestion costs are increased 1 
percent when trucks account for 20 percent of the fleet and are reduced 7 percent 
when two-wheelers account for 20 percent of the fleet (with, in both cases, cars 
accounting for the remaining 80 percent). However, when buses account for 10 
percent of the vehicle fleet congestion costs more than double, and when they 
account for 20 percent, costs more than triple. A car driver imposes considerably 
higher costs on others when the average number of vehicle occupants is higher, 
resulting from a significant share of high-occupancy buses on the roads. Conges-
tion costs and motor fuel taxes may therefore be substantially understated in 
countries in which buses account for a significant share of vehicle traffic in urban 
centers. 

 ANNEX TABLE 5.4.1 

 Ratio of Congestion Cost with Multiple Vehicles Relative to Costs when Cars are 
the Only Vehicle 

Share of vehicle-km by mode Ratio of congestion cost with 
multiple vehicles to cost with 

cars onlyCar Bus Truck Two-wheeler

1 0 0 0 1

0.8 0 0.2 0 1.01

0.8 0 0 0.2 0.93

0.8 0.2 0 0 3.30

0.5 0.1 0.1 0.3 2.04

0.9 0.1 0 0 2.15

  Source: See text of Annex 5.4.   
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  ANNEX 5.5. ASSESSMENT OF CONGESTION 
COSTS FROM COUNTRY-LEVEL DATA: THE 
UNITED STATES AND THE UNITED KINGDOM 
 This annex explains the supplementary estimation of delays at the country level 
for the United States and the United Kingdom, mentioned in the main text. Es-
timated delays are for 2008 (as a close approximation to 2010) and costs are ex-
pressed in 2010 U.S. dollars. 

 The United States 

 For the United States, the Texas Transportation Institute (TTI) compiles high-
quality data on travel delays for 449 urban centers categorized by population 
size into very large, large, medium, and small cities (Schrank, Lomax, and 
Eisele, 2011). 

 For the 101 largest cities, speed data are collected remotely by a private 
company for different times of the day for each link within the urban road 
network. For the other 348 smaller urban centers (which account for 15 percent 
of nationwide travel delays), speed is derived from estimated speed/traffic vol-
ume relationships. Schrank, Lomax, and Eisele (2011) use traffic volume data 
from the Highway Performance Monitoring System, an inventory maintained 
by the Federal Highway Administration for all roadway segments in the United 
States. 

 The TTI report for 2008 was used to derive the nationwide congestion delay 
on others. For each urban region in the TTI sample, total annual hours of delay 
to passengers in cars is divided by total annual vehicle-kilometers driven by cars 
to give the average hourly delay per car-kilometer. Delays at the regional level are 
weighted by the share of car-kilometers in nationwide kilometers and then ag-
gregated to obtain a nationwide average measure of delay. 

 The United Kingdom 

 For the United Kingdom, travel data for 2008 were obtained from the U.K. De-
partment for Transport (DFT), which compiles official statistics on the British 
transport system. Because DFT does not provide annual hours of travel delays at 
the city level, travel delays were generated by comparing average vehicle speed 
during peak times with the free flow speed, both of which can be obtained from 
the DFT statistics.  28   

 For each of the U.K. localities, the average travel time per kilometer was 
calculated along with the free flow average travel time per kilometer, using the 
average travel speed during morning peak (7 am to 10 am) and the free flow 
speed. 

   28 The data used are from http://www.dft.gov.uk/statistics/tables, specifically data sets CGN0201, 
SPE0104, TRA8901, and TRA0307.  
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 Annual car-kilometers within each locality were then multiplied by the share 
of car-kilometers occurring during the morning peak period. The total annual 
hours of delay was then obtained by multiplying the extra travel time per kilome-
ter during morning peak time by 2 to account for the evening peak (4 pm to 7 
pm) which is assumed to experience the same traffic congestion.  29   

 Next, the total annual hours of delay were divided by total annual vehicle- 
kilometers driven by cars for each locality to derive the average hourly delay per 
vehicle-kilometer, which was then converted into passenger delays assuming an 
average vehicle occupancy of 1.6. Average delay at the nationwide level is a 
weighted average of that at the locality level, with weights equal to the shares in 
nationwide car-kilometers. 

 Delays to others per car-kilometer are about twice as high for the United 
Kingdom as for the United States, which seems roughly plausible, given that a 
much greater share of nationwide driving occurs under congested conditions in 
the United Kingdom. 

 ANNEX 5.6. ESTIMATING THE RATIO OF 
OTHER ACCIDENT COSTS TO FATALITY COSTS: 
COUNTRY CASE STUDIES 
 As mentioned in the main text, external accident costs for different countries are 
obtained by scaling up estimates of external fatality costs by the ratio of other 
costs to external fatality costs. This ratio—which is based on several country case 
studies—is attained as follows: 

 First, using data compiled by Herrnstadt, Parry, and Siikamäki (2013) for 
Finland, Sweden, the United Kingdom, and the United States and by Parry and 
Strand (2012) for Chile, comprehensive estimates of external accident costs were 
made for these five countries for 2010 or the latest possible. In these calculations, 
external fatalities were monetized using mortality values discussed in  Chapter 4 . 
Other costs were valued using a combination of local data on the average (per-
sonal, medical, and property damage) costs associated with accidents of different 
severity, and in some cases, extrapolations of these costs from U.S. data.  30   Ap-
proximately 85 percent of medical costs are assumed to be external (borne by 
third parties) for all fatal and nonfatal and internal and external injuries, and 50 
percent of property damage costs (for all accidents) are external. 

 From these studies, five point estimates for the ratio of other external costs 
(medical, property damage, and nonfatal injury costs) to external fatality costs were 

   29 According to DFT traffic distribution data (TRA0307), the shares of morning and evening peak 
kilometers in total kilometers driven are 0.21 and 0.22, respectively, which are very close.  
   30 Detailed documentation of data sources and estimation procedures are provided in the above refer-
ences. The breakdown of fatalities by driver, passenger of drivers, other vehicle occupant, pedestrian, 
and cyclist is available from the data sources, and this breakdown is assumed to be the same for 
nonfatal injuries. Herrnstadt, Parry, and Siikamäki (2013) focus only on alcohol-related accidents; 
their data were modified to include data for all traffic accidents.  
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obtained. This ratio tends to decline as the relative importance of pedestrian and 
other external deaths in total road deaths rises (the numerator in the ratio falls and 
the denominator rises). This ratio is 2.9 in the United States (where 23 percent of 
deaths are external) and only 0.16 in Chile (where 54 percent of deaths are exter-
nal). A power function that best fits these five data points relating this cost ratio to 
the share of external fatalities in total fatalities was estimated.  31   This relationship 
was then used to extrapolate the other-external-cost-to-fatality-external-cost ratio 
for other countries depending on their share of external fatalities in total fatalities. 

 ANNEX 5.7. MISCELLANEOUS DATA AND 
PROCEDURES FOR CALCULATING 
CORRECTIVE TAXES 
 The remaining data and assumptions needed to implement the corrective fuel tax 
formula as set forth in  Chapter 3  are discussed in this annex. These issues deal 
with the use of diesel fuel by both cars and trucks; the breakdown of fuel price 
responses; and the conversion of road damage, accident, local pollution, and 
congestion costs into corresponding components of corrective fuel taxes. To make 
this conversion, fuel efficiency is needed to convert any road damage, accident, 
local pollution, or congestion costs expressed per vehicle-kilometer driven into a 
cost per liter of fuel. However, given the difficulty of accurately measuring fuel 
efficiency for most countries (see below), these costs are directly expressed per liter 
insofar as possible, to avoid the need for this data. 

  Diesel use by different vehicle types:  External costs for cars are used to calculate 
corrective taxes on gasoline. However, diesel fuel is used by both cars and trucks 
and, given the practical difficulty of differentiating the diesel tax according to 
vehicle use, a weighted average of external costs for cars and trucks should be used 
in the corrective diesel tax formula, based on their respective shares in diesel fuel 
consumption. The breakout of diesel fuel use by cars versus trucks is available for 
a limited number of countries and for other countries was taken from regional 
average figures.  32   

  Breakdown of fuel price responses:  An important piece of data is the fraction of 
the fuel demand response that comes from reduced driving (as opposed to the 
remaining fraction that comes from fuel efficiency improvements). For cars, this 
fraction is assumed to be 0.5 for all countries.  33   For diesel fuel used by trucks 

   31 Specifically, the cost ratio is predicted by the equation 0.049 x   2.56 , in which  x  is the share of external 
fatalities in total fatalities.  
   32 The data source is ICCT (2010). For example, cars account for about 11 percent of road diesel at 
the global level, and 32 percent in the European Union.  
   33 See Small and Van Dender (2006) and the review of other studies in Parry and Small (2005). In 
practice this fraction will vary across countries; for example, it might be higher in countries with read-
ily available alternatives to car use (which increases the responsiveness of driving to fuel prices) and in 
countries with binding fuel efficiency regulations (which reduces the responsiveness of fuel efficiency 
to fuel prices). However, no international data on which country-specific assumptions can be based 
are available.  

©International Monetary Fund. Not for Redistribution



 Measuring Nonpollution Externalities from Motor Vehicles 127

(where the high power requirements necessary to move freight limit opportunities 
for improving fuel efficiency through, for example, reducing vehicle size and 
weight) this fraction is assumed to be 0.6 (Parry, 2008). 

  Road damage:  The estimation procedures outlined in the main text yield total 
external costs for road damage. These costs are divided by total diesel fuel con-
sumption for trucks to obtain costs per liter, which are then multiplied by 0.6 to 
account for the portion of the fuel response that comes from reduced kilometers 
driven. 

  Accidents:  The estimation procedures also yield total external costs for traffic 
accidents. However, expressing them per liter of fuel is more involved because 
external costs per vehicle-kilometer are assumed to be the same for cars and 
trucks, implying external costs per liter of fuel will be larger for cars than for 
trucks given that cars travel farther on a liter of fuel, and larger for diesel fuel cars 
than gasoline cars (because diesel cars are more fuel efficient). Truck fuel effi-
ciency is assumed to be one-third that for gasoline cars (Parry, 2008), and in turn, 
diesel cars are assumed to be 20 percent more fuel efficient than their gasoline 
counterparts. 

 External accident costs per liter of gasoline can then be obtained by dividing 
total accident costs for all vehicles by a weighted sum of fuel use by gasoline cars, 
diesel cars, and trucks (fuel use data are discussed in the Annex 6.1); the weights 
are fuel efficiency of other vehicles relative to that for gasoline cars (1.2 and 0.33, 
respectively, for diesel cars and trucks). In turn, costs per liter for diesel cars and 
trucks are the external costs per liter for gasoline cars multiplied by the same 
weights. In applying the costs to the corrective fuel tax formula, they are again 
multiplied by the portion (0.5 or 0.6) of the fuel price response that comes from 
reduced driving as opposed to fuel efficiency improvements. 

  Local pollution:  Local pollution damage is estimated on a per liter basis. The 
scaling factor, however, depends on how emissions are regulated. In countries 
such as the United States, where emissions are regulated on a per kilometer (or 
per mile) basis and approximately maintained throughout the vehicle’s life, 
roughly speaking emissions vary only with kilometers driven, not fuel efficiency, 
and therefore need to be multiplied by the driving fraction of the fuel price 
 response.  34   In countries with less effective regulation, emission might be appro-
priately proportional to fuel use. The calculations in this analysis apply a scaling 
factor of 0.5 (gasoline vehicles) or 0.6 (diesel vehicles) for Australia, Canada, 
China, European countries, New Zealand, Singapore, and the United States, and 
1.0 (no adjustment) for all other countries. More refined assumptions would not 
have that much effect on the corrective fuel tax estimates given the relatively large 
size of congestion and accident costs (see  Chapter 6 ). 

   34 In some cases, emissions standards are defined with respect to engine capacity (e.g., in European 
Union countries as well as in other countries adopting European Union standards). In this analysis, 
some fuel efficiency improvements, such as reducing vehicle weight, will affect emissions but others, 
such as more efficient engines, will not.  
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  Congestion:  Congestion costs are estimated on a per kilometer basis and there-
fore need to be multiplied by fuel efficiency (see below) to express them in per 
liter terms (after scaling by the driving fraction of the fuel price response). 

 One complication is that driving on congested roads (mostly by people commut-
ing to work) is generally less sensitive to fuel prices than driving on uncongested 
roads. This fact reduces the congestion benefits from higher fuel taxes. Based on evi-
dence of the relative price responsiveness of driving under congested and noncon-
gested conditions, Parry and Small (2005) recommend scaling back congestion costs 
by a third in computing corrective fuel taxes; the same procedure is followed here. 

  Fuel efficiency:  Fuel efficiency (of vehicles in use on the road) could be ob-
tained by dividing data on vehicle-kilometers driven by fuel use. However, be-
cause the reliability of the vehicle-kilometer data varies across countries (being 
generally less accurate for developing countries), fuel efficiency is based instead 
on a plausible assumption for different regions, and applied to all countries in the 
region. For example, based on estimates in Parry and Small (2005) for the United 
States and the United Kingdom, fuel efficiency for gasoline vehicles is assumed to 
be 10.5 kilometers/liter (25 miles/gallon) in North America and 14.5 kilometers/
liter (35 miles/gallon) for higher-income European countries and Japan.  35   Fuel 
efficiency for diesel cars and trucks is then derived using the above ratios (1.2 and 
0.33, respectively). Other assumptions would moderately affect the contribution 
of congestion costs to corrective taxes. 

 Finally, to simplify the computation of corrective fuel taxes, it is assumed that 
fuel efficiency in each country remains fixed at its current level, rather than in-
creasing in response to higher fuel prices. This assumption leads again to some 
understatement of the corrective fuel tax because, per liter of fuel reduction, the 
reduction in vehicle-kilometers driven (and hence congestion and accidents) is 
greater for a more fuel-efficient vehicle; see equation (3.1).  36   
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  CHAPTER 6 

 The Right Energy Taxes and  
 Their Impacts 

 This chapter summarizes the corrective tax estimates for coal, natural gas, and 
motor fuels based on the assumptions discussed in previous chapters, both for 
selected countries and, using ranges of values in heat maps, for all countries, and 
then discusses the fiscal, health, and environmental impacts of tax reform. Various 
tables in Annex 6.2 provide full details of this information, country by country, 
including estimates of current fuel taxes or subsidies. 

 CORRECTIVE TAX ESTIMATES 
 Coal 

   Figure 6.1   illustrates the corrective taxes (taxes that reflect environmental dam-
age) on coal use by power plants from a representative sample of countries with 
different income levels, geographical locations, and energy mixes. The figure 
shows the tax on coal necessary to correct for carbon emissions (based on the 
illustrative damage value of $35/ton of carbon dioxide [CO 2 ]) and the additional 
taxation needed to reflect local pollution damage, based on the average emission 
rates at existing plants. Current taxes as shown in the figure, obtained from Cle-
ments and others (2013),  1   are approximately zero. To put the corrective tax esti-
mates in perspective, the world average coal price in 2010 was about $5 per 
gigajoule (GJ).  2   

 A number of noteworthy points can be made from   Figure 6.1  . The carbon 
component of the corrective tax is substantial, equivalent to about $3.3/GJ, or 
about 66 percent of the average world coal price in 2010. The corrective tax for 
carbon varies little across countries because there is little variation in carbon emis-
sions/GJ of coal, and the illustrated CO 2  damage value is applied to all 
countries. 

 More striking, however, is that the local pollution charge is often larger than 
the carbon charge, though it varies considerably across countries. The local pol-
lution charge exceeds the carbon charge for 10 countries shown in the figure and 
is more than double the carbon charge in 6 of those countries. For example, in 

  1 These taxes are calculated on a consistent basis across countries, based primarily on a comparison of 
domestic fuel prices with international prices. 
  2 This and other global average fuel prices mentioned in this chapter are also from Clements and others 
(2013). 
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  Figure 6.1  Corrective Coal Tax Estimates, Selected Countries, 2010 
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 Source: Authors’ calculations based on methodology in Chapter 4.
Note: The dark gray bar is the corrective charge for local pollution based on emission rates averaged across existing plants 

(some of which have control technologies and some of which do not). A current tax data point to the left of the y-axis 
indicates a subsidy. Data on Korea’s coal tax were not available from the sources used in this book. 

the United States local pollution damage contributes $5.5/GJ to the corrective 
tax, or 62 percent of the total corrective coal tax of $8.7/GJ. For China, the cor-
rective charge for local pollution is $11.7/GJ; in fact, premature deaths per ton of 
coal burned in China are about nine times those for the United States (due to a 
combination of higher average emission rates and higher population exposure), 
though a partially offsetting factor is that, because of lower per capita income, the 
value of mortality risk is assumed to be lower in China (see   Figure 4.2  ). 

 Corrective taxes for local pollution are not always large. For example, in Aus-
tralia the corrective charge is $0.8/GJ, which in part reflects relatively low popula-
tion exposure to the pollution (much of which disperses over the ocean). 

   Figure 6.2   underscores the potentially strong incentives for plants to adopt 
emission control technologies when faced with high air pollution charges on coal 
with appropriate crediting for the use of control technologies. It shows the cor-
rective air pollution charges for existing plants with emissions control technolo-
gies and those for plants with no controls. (The average emissions levels underly-
ing the corrective charges in   Figure 6.1   are based on intermediate emission rates.) 
Taxes are reduced by 75 percent or more by adopting control technologies in all 
cases. However, even if the emissions control technologies currently used by some 
plants in a country were applied to all plants, corrective taxes for air pollution 
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  Figure 6.2  Corrective Taxes for Air Pollution at Coal Plants with and without Control 
 Technologies, Selected Countries, 2010 
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controls. The light gray bar is the tax that would be paid for a representative plant with control technologies receiving 
an appropriate credit for the emissions mitigation.

could still be significant—the taxes would be greater than the carbon charge for 
seven of the countries shown in   Figure 6.1  .  3   

   Figure 6.3   shows the breakdown of air pollution damage from coal plants with 
no controls by type of emissions. For most countries, SO 2  is the most damaging 
pollutant (its share in total pollution damage varies across countries from 27 percent 
to 71 percent), followed by primary fine particulate emissions (PM 2.5 ), though in 
some countries (Australia, Brazil, India, Japan, and Korea) primary particulates 
from uncontrolled plants would cause the most damage (their share in total pollu-
tion damage varies from 16 percent to 66 percent). Nitrogen oxide emissions are 
responsible for a relatively minor share of damage (2–16 percent) because their 

  3 Governments frequently use regulatory approaches to promote the use of control technologies but, 
besides raising revenue, fiscal instruments likely provide more robust incentives. As discussed in Box 
3.1, fiscal instruments provide greater incentives to shift to coal with lower pollution content or to 
other generation fuels, and to reduce electricity demand. 
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  Figure 6.3  Breakdown of Air Pollution Damages from Coal by Emissions Type, Selected 
Countries, 2010 
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emission rates are smaller than for SO 2 , and they are less prone to reacting in the 
atmosphere to form the fine particulates that give rise to major health risks. 

   Figure 6.4   shows a heat map of corrective coal tax estimates, based on average 
or current emission rates, for all countries that use coal. The relative cross-country 
pattern of corrective taxes looks broadly similar to that for sulfur damage pre-
sented in  Chapter 4  (though   Figure 6.3   also reflects other local pollutants, carbon 
damage, and the emissions intensity of locally used coal). Corrective taxes tend to 
be high in Europe (where population exposure and per capita income are rela-
tively high) and lowest in the limited number of African countries that use coal 
and for which data are available, with countries in North and South America, 
Asia, and Oceania generally in between. 

   Figure 6.5   reproduces the corrective coal tax estimates for selected countries 
from   Figure 6.1  , but uses the same mortality value (that for the average Organiza-
tion for Economic Cooperation and Development [OECD] country) in all cases, 
given the controversy about applying different values to different countries. Not 
surprisingly, the main effect is to substantially scale up the corrective tax estimates 
for countries with per capita incomes well below the OECD average. For exam-
ple, China’s corrective tax for air pollution increases from $11.7/GJ to $38.7/GJ. 
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  Figure 6.4  Corrective Coal Tax Estimates, All Countries, 2010 
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  Figure 6.5  Corrective Coal Tax Estimates with Uniform Mortality Values, Selected Countries, 
2010 
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Note: This figure adjusts the corrective tax estimates for air pollution from Figure 6.1 by setting mortality values for all 

countries equal to the average value for Organization for Economic Cooperation and Development countries. 

Dramatic differences in corrective taxes across countries still remain, however, 
reflecting large differences in population exposure and emission rates. 

 Natural Gas 

   Figure 6.6   shows taxes for natural gas to correct for carbon and air pollution dam-
age at the average power plant. Current taxes are about zero in many cases, 
though natural gas is subsidized in some countries, especially in Egypt ($1.4/GJ) 
and India ($1.0/GJ). For perspective, the world average price for pipeline natural 
gas in 2010 was about $5/GJ. 

   Figures 6.6   and   6.1   illustrate the significant differences between coal and natu-
ral gas. First, the carbon charge is much lower for natural gas, about $1.9/GJ or 
about 55 percent of that for coal. This lower charge reflects the lower carbon 
emission rate per GJ of energy for natural gas. 

 Second, local pollution damage is also much lower. For all but one country 
(Korea) the corrective tax for local air pollution is less than the carbon charge, and 
often very much smaller: in 7 of the 20 countries shown the corrective tax for 
local pollution is less than 10 percent of that for carbon. Gas combustion gener-
ates minimal amounts of SO 2  and PM 2.5 —the two largest sources of air pollution 
damage for coal. Moreover, the nitrogen oxide emission rates per GJ for natural 
gas are less than half of those for coal. 

 Although less dramatic than for coal, there is still significant undercharging for 
natural gas, with currently estimated taxes for the countries shown in   Figure 6.6   
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either about zero or negative, compared with corrective charges of about 40 per-
cent or more of the world price. 

   Figure 6.7   shows corrective tax estimates for natural gas used at power plants 
across all countries. The differences across countries are far less pronounced than 
for coal given that local pollution damage is much smaller for natural gas relative 
to coal. 

 The corrective taxes for natural gas combusted at ground level, such as for 
home heating, are similar to those for power plant use of natural gas and, again, 
the charge for local air pollution is less important (see Annex 6.1). Given the 
dominance of the carbon charge in each case, there does not appear to be a strong 
case, on pollution grounds, for differentiating natural gas taxes by end user. 

 Motor Fuels 

   Figure 6.8   shows estimates of corrective gasoline taxes for selected countries ex-
pressed in 2010 US$/liter,  4   and the contribution of carbon, local pollution, traffic 
accidents, and congestion to the corrective tax. The corrective tax refers to the 
excise tax before application of any value-added or sales taxes. Current estimated 
excise taxes vary considerably, from subsidies of US$0.30/liter in Egypt to taxes 
of US$0.60/liter or more in Brazil, Germany, Israel, Japan, Korea, Poland, 

  Figure 6.6  Corrective Natural Gas Tax Estimates for Power Plants, Selected Countries, 2010 
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left of the y-axis indicates a subsidy.

  4 To convert to dollars per gallon, multiply by 3.8. 
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  Figure 6.7  Corrective Natural Gas Tax Estimates for Power Plants, All Countries, 2010 
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Turkey, and the United Kingdom. For perspective, the world pretax price of gaso-
line averaged about US$0.80/liter in 2010, equivalent to $23/GJ. 

 The carbon component of the corrective gasoline tax, based on the damage 
assumption of $35/ton, is US$0.08/liter across all countries, or $2.4/GJ, a little 
higher than for natural gas, although for gasoline the carbon charge is a smaller 
portion (about 10 percent) of the world price. 

 As with natural gas the local pollution component is usually smaller than the 
carbon charge, and mainly for the same reason: gasoline produces only very small 
amounts of the most damaging pollutants—SO 2  and PM 2.5 . Carbon and local 
pollution together point to corrective gasoline taxes of, at most, US$0.20/liter for 
the illustrated countries. 

 However, much heavier taxation of gasoline is warranted by other factors, taxes 
higher than currently imposed in most cases, because of the combination of traf-
fic congestion and traffic accidents. Traffic congestion tends to be the largest 
component of the corrective tax in developed countries, in part because of higher 
values from lost time, and traffic accidents are the largest component in develop-
ing countries (where, for example, pedestrians are more prone to injury risk). 
These additional costs raise corrective gasoline taxes in   Figure 6.8   to between 

  Figure 6.8  Corrective Gasoline Tax Estimates, Selected Countries, 2010 
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 Source: Authors’ calculations based on methodology in Chapter 5. 
Note: To express taxes in dollars per gallon, multiply by 3.8.
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  Figure 6.9  Corrective Gasoline Tax Estimates, All Countries, 2010 
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  Figure 6.10  Corrective Diesel Tax Estimates, Selected Countries, 2010 
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 Source: Authors’ calculations based on methodology in Chapter 5. 
Note: To express taxes in dollars per gallon, multiply by 3.8. Data on Korea’s diesel tax were not available from the sources 

used in this book.

about US$0.40 and US$0.60/liter in Australia, Brazil, Chile, China, Egypt, Ger-
many, Israel, Kazakhstan, Poland, Thailand, and the United States and to about 
US$0.80/liter (or 100 percent of the pretax world price) or more in India, Japan, 
Korea, South Africa, and Turkey. The corrective tax estimates exceed current taxes 
for 15 of the countries in   Figure 6.7  , and fall short of them for five countries.  5   

   Figure 6.9   underscores the heavy taxation of gasoline warranted worldwide. For 
the majority of countries for which data are available, corrective taxes are at least 
US$0.40/liter (50 percent of the pretax world price) and frequently much higher. 
Broadly speaking, the gasoline tax rates currently applicable in most OECD coun-
tries, about US$0.40 to $1/liter, appear to be in the right ballpark for countries 
worldwide (at least until distance-based charging becomes widespread). 

 Turning to diesel fuel, the corrective excise tax estimates for selected countries 
in   Figure 6.10  , averaged for diesel use by cars and trucks, follow a pattern broadly 
similar to those for gasoline taxes in   Figure 6.7  . Most estimates are between about 

  5 Even in these cases (e.g., Germany and the United Kingdom) reductions in gasoline taxes may not 
be efficient in practice because the corrective taxes may be understated for a variety of reasons (as 
discussed in Chapter 5). 
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US$0.40 and US$0.80/liter, though corrective taxes for Japan, Korea, and Turkey 
are much higher. For 15 countries, corrective diesel fuel taxes are somewhat 
higher than corrective gasoline taxes, suggesting that, if anything, diesel should be 
taxed more heavily than gasoline. Many governments, however, tax diesel at a 
lower rate than gasoline (10 of the countries shown in   Figure 6.10   and 28 of 34 
OECD countries shown in   Figure 2.14  ). Corrective taxes for diesel exceed current 
taxes in all but two countries (Israel and the United Kingdom) in   Figure 6.10  . 

 The generally higher corrective taxes for diesel fuel compared with gasoline re-
flect its higher emission rates (both for carbon and, especially, local pollution); that 
most diesel is used by trucks, which add more to congestion per vehicle-kilometer 
than cars; and that trucks cause more road damage. However, road damage is rela-
tively modest—less than the local pollution component in all cases. And a par-
tially offsetting factor is that trucks have much lower fuel efficiency than cars, 
which means that a liter reduction in diesel fuel consumption results in a much 
smaller reduction in vehicle-kilometers driven (implying smaller congestion and 
accident benefits) compared with a liter reduction in car-kilometers driven. 

 In fact, if it were administratively feasible to do so, a case could be made for 
taxing diesel fuel used by cars at a higher rate than that used by trucks—the cor-
rective tax for car diesel is higher than for truck diesel (these results are not shown 
in the figures), though the differences tend to be fairly modest. 

 IMPACTS 
 The findings in this chapter provide a useful marker for policymakers interested 
in heading toward the efficient system of fuel taxes needed to balance environ-
mental and economic concerns. Obviously, however, the fiscal, health, and envi-
ronmental impacts of tax reforms are of great interest in themselves—particularly 
for helping policymakers prioritize among different reform options. These im-
pacts will vary considerably across countries depending, for example, on each 
country’s prevailing fuel mix and fiscal and other policies currently affecting en-
ergy and transportation systems.  6   

 Tax reform options are now compared based on “back-of-the-envelope” calcu-
lations described in Annex 6.1. This comparison involves estimating the change 
in fuel prices that would result from implementing corrective taxes (relative to 
current taxes, which are often zero and sometimes negative, and assuming full 
pass-through into consumer prices). The price changes are combined with an as-
sumption, based loosely on the limited evidence available, that each 1 percent 
increase in a fuel price eventually reduces use of that fuel by 0.5 percent (through, 
for example, adoption of fuel-saving technologies and reduced use of energy-
consuming products). The fiscal, health, and CO 2  impacts of these fuel and tax 
changes are then calculated. In addition, for coal it is assumed—based on a com-
parison indicating the fiscal incentives provided by corrective taxes for adopting 

  6 For example, just because there might be a wide gap between the current and corrective tax for a 
particular fuel does not necessarily mean the fiscal and environmental benefits from reforming this 
fuel tax are larger than for other reform options, because these benefits also depend on fuel usage. 
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  Figure 6.11  Potential Revenue from Corrective Fuel Taxes, Selected Countries, 2010 
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 Source: See Annex 6.1.
Note: Figure shows revenue, expressed as a percentage of GDP, from corrective fuel taxes (allowing for behavioral re-

sponses to the tax) relative to current fuel tax revenues (which are often zero, and negative in cases where fuels are 
currently subsidized). In the few countries for which corrective taxes fall short of current taxes, the revenue potential 
is taken as zero. 

emissions control technologies are large relative to the costs of technology adop-
tion—that implementing the corrective tax with appropriate crediting for mitiga-
tion during fuel combustion would lead to the adoption of control technologies 
at all coal plants that remain in operation. 

 These calculations leave aside a wide range of country-specific details, such as 
factors that might affect the price responsiveness of carbon-intensive fuels and the 
environmental and the fiscal implications of switching among fuels, but they are 
still useful in giving a broad sense of potential effects. Fiscal impacts are, however, 
overstated to the extent that compensation schemes, such as for low-income 
households, need to accompany tax reform.  7   

 Fiscal Impacts 

 Despite the uncertainties surrounding these projections, a potentially large fiscal divi-
dend from reforming fuel taxes clearly exists. The estimated dividend in   Figure 6.11   

  7 Dinan (forthcoming), for example, estimates that for the United States full compensation for the 
bottom income quintile for a carbon tax would offset 12 percent of the revenue. 
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is about 1 percent of GDP or more in all but two countries, and more than 3 percent 
in 8 countries, and 7.5 percent in China (which has a coal-intensive energy sector).  8   
Even in Germany and the United Kingdom, where motor fuel taxes are relatively 
high, implementing corrective taxes on coal and natural gas results in estimated rev-
enues of close to 1 percent of GDP. At a global level, revenue gains amount to 2.6 
percent of world GDP.  9   These calculations do not take into account changes in value-
added or similar taxes paid at the household level, though this additional revenue is 
relatively minor. 

 The composition of potential revenue also differs markedly across coun-
tries. For example, the corrective tax on coal is the dominant source of poten-
tial revenue in China, Germany, India, Israel, Kazakhstan, Poland, South Af-
rica, and Turkey, while higher motor fuel taxes are the dominant source of 
potential revenue in Brazil, Chile, Egypt, Indonesia, Japan, Mexico, Nigeria, 
and the United States. Corrective taxes for natural gas also produce significant 
revenues in some cases (about 0.3 percent or more of GDP in 10 of the 
countries). 

 Health Impacts 

 Fuel tax reform can also dramatically reduce premature deaths from local air pol-
lution, especially in countries that use large amounts of coal. Pollution-related 
deaths are reduced by more than half in nine of the countries shown in   Figure 
6.12  . Reductions in emissions from coal combustion from the adoption of emis-
sions control technologies and reduced use of coal are by far the main source of 
mortality reductions in most cases. At a global level, implementing corrective 
taxes reduces air pollution deaths by 63 percent.  

 Climate Impacts 

   Figure 6.13   illustrates another important benefit of fuel tax reform distinct from 
the health benefits of better local air quality: potentially large reductions in 
energy-related CO 2  emissions, expressed as annual percentage reductions in 
nationwide emissions for 2010. These reductions exceed 15 percent in all but 
two cases, and the greatest reduction in emissions is 34 percent in China.  10   At 
a global level, CO 2  reductions would amount to 23 percent. 

  8 The fiscal dividend from the corrective coal tax in China, 6.8 percent of GDP, is evidently very large, 
but is based on the following assumptions: The corrective tax for local air pollution, at controlled 
emission rates, is $6.0/GJ which, along with the carbon charge of $3.3/GJ, increases the baseline coal 
price ($6.4/GJ) by about 145 percent. In turn, this reduces coal use by 36 percent to about 44 billion 
GJ. Multiplying this amount by the corrective tax ($9.3/GJ) gives revenue of about $405 billion, and 
dividing by 2010 GDP ($5,930 billion) gives the above figure. 
  9 Clements and others (2013) estimate fossil fuel subsidies worldwide, including the implicit subsidy from 
the failure to charge for environmental side effects, to be almost 3 percent of global GDP. This estimate 
is based on a cruder assessment of external costs (using a simple extrapolation from several country case 
studies to the global level), which are lower than estimated here, however, the subsidy is assessed at cur-
rent fuel consumption levels (rather than the lower levels that would occur with higher fuel prices). 
  10 These estimated reductions implicitly reflect some combination of the main behavioral responses 
summarized in Figure 3.1. 
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  Figure 6.12  Reduction in Pollution-Related Deaths from Corrective Fuel Taxes, Selected 
Countries, 2010 
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 Source: See Annex 6.1. 
Note: Figure shows percent reduction in premature deaths attributed to outdoor fossil fuel air pollution from implement-

ing corrective fuel taxes relative to the current situation. In the few countries for which fossil-fuel corrective taxes fall 
short of current taxes, the tax is held fixed (so there are no reductions in deaths).

 For all but five countries shown in   Figure 6.13  , coal—because of its high 
carbon intensity and the especially large increase in coal prices resulting from 
the corrective tax—accounts for 50 percent or more of the calculated total 
emissions reductions, and more than 85 percent of the reductions in China, 
India, Poland, and South Africa. In most countries, however, significant carbon 
reductions also occur from implementing corrective taxes on natural gas and 
motor fuels. 

 SUMMARY 
 Tax reforms can yield large fiscal dividends (2.6 percent of GDP worldwide), even 
in countries with high motor fuel taxes; significant reductions in global CO 2  
emissions (23 percent); and especially from coal taxes, dramatic reductions in 
pollution-related deaths (63 percent). 

 Coal use in particular is highly and pervasively undercharged, not only for car-
bon emissions but also for the health costs of air pollution, though appropriate 
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charges for pollution differ considerably across countries. Heavy taxes on motor 
fuels are warranted in most developed and developing countries alike, but more to 
reflect the costs of traffic congestion and accidents rather than carbon emissions and 
pollution. For countries where motor fuel taxes are already high, the main oppor-
tunity for reform is to begin a progressive transition to kilometer-based charges to 
better manage congestion in particular. Although corrective charges for natural gas 
are small relative to those for coal (because of limited air pollution benefits), these 
charges can still generate significant revenue and CO 2  reductions. In short, much 
of the gains from energy price reform are in countries’ own national interests. 

 ANNEX 6.1. ADDITIONAL DATA AND ASSUMPTIONS 
USED TO ESTIMATE THE IMPACTS OF FUEL TAX 
REFORM 
 Several additional pieces of information are needed to provide first-pass calcula-
tions of the impacts of fuel tax reform. 

  Figure 6.13  Reduction in Energy-Related CO 2  Emissions from Corrective Fuel Taxes,  
 Selected Countries, 2010 
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 Source: See Annex 6.1. 
Note: Figure shows reduction in nationwide energy-related CO 2  emissions (relative to 2010 levels) from implementing 

corrective fuel taxes relative to the current situation. In the few countries in which corrective taxes fall short of current 
taxes, the tax is held fixed (so there are no emission reductions).
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11 For petroleum products, domestic prices to fuel users are taken from publicly available sources for 
OECD countries; for other countries they were provided by country authorities to the IMF, supple-
mented by survey data from Ebert and others (2009). Where fuel prices were unavailable they were 
imputed based on the observed pass-through of international fuel prices for that country. For coal and 
natural gas, for countries for which data are more sparse, Clements and others (2013) infer domestic 
prices from international prices, making an adjustment for transportation and distribution costs, and 
subtracting any fuel subsidies that have been quantified (for countries for which they are significant) 
by the OECD and the International Energy Agency. 
12 In reality, some portion might be passed backward into lower prices for fuel suppliers depending on 
the relative slope of fuel demand and supply curves, though this portion appears to be relatively mod-
est (Bovenberg and Goulder, 2001). 
13 See various reviews cited in Parry, Walls, and Harrington (2007) and Sterner (2007). 

 First, fuel prices faced by fuel users, primarily households and power plants, 
are needed by country, and are taken for 2010 from an IMF database compiled 
from multiple sources (see Clements and others, 2013, pp. 143–44).  11   

 Second, the baseline quantities of the four fuels used in each country in 2010 
are mostly taken from the database in Clements and others (2013), which was 
compiled from OECD and International Energy Agency (IEA) data. Diesel used 
by road vehicles was taken directly from IEA data. Fuel use reflects consumption 
by both households and firms—diesel fuel corresponds to that used by motor 
vehicles and natural gas to that used by power plants and other industrial sources 
as well as residential uses. 

 Third, the following, commonly used functional form is used to compute 
changes in fuel demand in response to changes in fuel prices: 
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 In equation (6.1)  Q  and  p  denote, respectively, quantities and prices of a particu-
lar fuel, and subscripts 0 and 1 denote initial (current) values and values after 
adjusting the fuel tax rate to its corrective level. η denotes fuel price elasticity, or 
the percent change in fuel use per 1 percent increase in fuel price. Changes in fuel 
taxes are assumed to be fully reflected in the price paid by fuel users.  12   

 The calculations simply assume that η = −0.5 for all fuels in all countries  
 (i.e., each 1 percent increase in fuel price reduces fuel use by 0.5 percent). Nu-
merous studies have estimated gasoline price elasticities for different countries, 
and the value assumed here roughly reflects a central value from the literature.  13 

This assumption may, on average, overstate the price responsiveness of coal and 
natural gas somewhat (US EIA, 2012). If so, the fiscal impacts of the fuel tax 
reforms will be moderately understated, and the CO 2  and health impacts will be 
moderately overstated. It is difficult to make generalizations, however; for ex-
ample, in countries with ample potential for renewables and nuclear fuels, coal 
and natural gas may have relatively large responsiveness, and the reverse in coun-
tries with little potential for these fuels. Also notable is that, to keep the calcula-
tions manageable, the fuel demand function in equation (6.1) is independent of 
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other fuel prices. This lack of interaction will tend to overstate the impacts of 
full tax reform on fuel demand if fuels are substitutes (e.g., coal and natural gas 
in power generation, gasoline and diesel in passenger vehicles). In this regard, the 
revenue effects are moderately understated and the CO 2  and health effects 
overstated. 

 The fourth piece of information is current excise tax (or subsidy) rates. These 
rates are obtained from the database in Clements and others (2013), which also 
includes an estimate of fuel supply prices, based on a reference international fuel 
price (adjusted for transportation and distribution costs), applying to different 
regions. The excise tax (or subsidy) is the difference between the user price and 
the producer price, after netting out any applicable value-added taxes. 

 Changes in fuel use are calculated using equation (6.1); the difference between 
the new price and the initial fuel price is the difference between the corrective tax 
level and any existing excise tax (which is often zero, and sometimes negative, in 
which case the price increase exceeds the corrective tax).  14   Revenue from the cor-
rective tax is simply the product of the excise tax and fuel use with this tax ( Q  1 ). 
The change in revenue is this amount less the product of the initial tax and initial 
fuel use ( Q  0 ). The revenue change exceeds revenue from the corrective tax if fuel 
is initially subsidized. 

 To calculate health effects, the corrective tax is assumed to provide incentives 
for all coal and natural gas plants to adopt emissions control technologies, in 
which case the relevant emissions factor is the one for representative plants in each 
country that already apply such technologies. This seems plausible, based on a 
quick comparison of the costs of installing and operating emissions control tech-
nologies, and the resulting tax credit that would ideally be provided if taxes were 
set at their corrective levels.  15   Mortality reductions are calculated by fuel use at 
the corrective tax times the weighted sum of SO 2 , PM 2.5 , and NO x , where the 
weights are deaths per ton for these emissions, less initial fuel use, times the cor-
responding weighted sum of emissions. For the first product, controlled emissions 
factors are used. For the second, a weighted average of controlled and uncon-
trolled emissions factors is used. 

 Finally, CO 2  emissions reductions are computed based on the tax-induced fuel 
reductions and the fixed carbon emissions factors for the fuels.  16   

  14 The price increase is understated for coal and natural gas because it ignores additional costs at plants 
that apply emissions control technologies in response to the corrective tax. 
  15 For example, using data supplied by Dallas Burtraw, the capital costs and discounted operating costs 
over a 10-year period for installing and using an SO 2  scrubber at a 500 megawatt coal plant in the 
United States would amount to about $300 million. And assuming the scrubber cuts emissions (that 
would otherwise be 42,000 tons a year) by 98 percent, the discounted tax savings, assuming a correc-
tive tax of $17,000 per ton of SO 2 , amount to about $5,500 million, or more than 18 times the 
technology cost. 
  16 CO 2  emissions reductions are expressed against a baseline equal to emissions from the four fuels 
(which is slightly less than total energy-related emissions given that it excludes emissions from fuel 
products not considered here, principally petroleum products other than motor fuels). 
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 ANNEX 6.2. CORRECTIVE ESTIMATES, THEIR  
 IMPACTS, AND CURRENT TAXES, BY COUNTRY 
 The following tables summarize, country by country, the results related to correc-
tive fuel taxes presented in the main text of this chapter. In particular Tables 6.2.1, 
6.2.2, 6.2.3, and 6.2.4 provide, respectively, the estimated corrective taxes on 
coal, natural gas, gasoline, and motor diesel; the fiscal impacts of tax reform (rev-
enue gains as a percentage of GDP); the percentage reduction in premature 
deaths and percentage reductions in CO 2  emissions from tax reform; and current 
excise taxes on fuel products.  

ANNEX TABLE 6.2.1

Corrective Fuel Tax Estimates, All Countries, 2010

Country

Coal Natural gas Gasoline Diesel

$ per GJ $ per GJ $ per liter

average all 
plants

plants with 
controls

average all 
plants

ground 
level

 

North America
 Canada 4.9 4.1 2.2 2.1 0.55 0.64
 Mexico 3.9 3.6 2.0 2.1 0.31 0.40
 United States 8.7 5.4 3.1 2.3 0.43 0.57
Central and South America
 Argentina 9.7 3.8 2.1 2.0 #na #na
 Barbados #na #na 3.2 #na #na #na
 Boliva #na #na 2.0 1.9 0.30 0.29
 Brazil 4.4 3.6 2.0 2.0 0.39 0.45
 Chile 4.1 3.6 2.0 2.0 0.56 0.68
 Colombia 4.8 3.5 2.1 2.0 0.72 0.72
 Costa Rica #na #na #na 2.0 0.51 0.49
 Cuba #na #na 2.3 2.0 #na #na
 Dominican Republic 5.7 3.7 #na 2.0 0.93 0.76
 Ecuador #na #na 2.0 1.9 0.35 0.35
 El Salvador #na #na #na 1.9 0.55 0.42
 Guatemala 4.0 3.4 #na 1.9 #na #na
 Honduras #na #na #na 2.0 0.41 #na
 Jamaica #na #na #na 2.0 0.36 0.35
 Nicaragua #na #na 2.0 #na 0.39 0.36
 Panama 4.6 3.5 #na 2.0 0.47 0.48
 Paraguay #na #na #na 1.9 0.56 0.48
 Peru 3.6 3.3 2.0 2.0 0.60 0.50

St. Vincent and the 
Grenadines

#na #na #na #na #na 0.16

 Suriname #na #na #na 1.9 0.22 0.38
 Trinidad and Tobago #na #na 2.1 #na #na #na
 Uruguay #na #na 2.2 2.0 0.65 0.54
 Venezuela #na #na 2.1 2.0 0.48 0.57
Europe
 Albania #na #na #na #na 0.53 0.53
 Austria 6.4 6.4 2.9 2.1 0.56 0.75
 Belgium 20.4 20.4 3.0 2.1 0.80 0.90

Bosnia and 
Herzegovina

#na #na #na 2.0 0.37 0.47

(Continued )
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ANNEX TABLE 6.2.1

Corrective Fuel Tax Estimates, All Countries, 2010

Country

Coal Natural gas Gasoline Diesel

$ per GJ $ per GJ $ per liter

average all 
plants

plants with 
controls

average all 
plants

ground 
level

 

 Bulgaria 57.0 9.7 #na 2.0 0.51 0.61
 Croatia 36.1 11.0 4.6 2.1 0.46 0.66
 Cyprus #na #na #na 2.0 0.42 0.45
 Czech Republic 18.6 18.6 3.2 2.1 0.53 0.69
 Denmark 5.0 5.0 2.7 2.0 1.28 1.44
 Finland 6.0 5.7 2.7 2.1 0.63 0.86
 France 11.1 11.1 3.0 2.2 0.73 0.95
 Germany 9.3 9.1 3.1 2.1 0.58 0.82
 Greece 18.8 12.4 2.4 2.0 0.59 0.74
 Hungary 25.5 15.5 3.7 2.1 0.46 0.54
 Iceland #na #na #na #na 0.52 0.69
 Ireland 6.9 5.1 2.3 2.0 0.61 0.72
 Italy 5.8 5.8 2.6 2.1 0.53 0.75
 Luxembourg #na #na 3.7 #na 0.86 0.91
 Macedonia, FYR 35.3 7.9 4.1 2.0 #na #na
 Malta #na #na #na #na 0.47 0.58
 Montenegro 34.2 6.5 #na 2.0 #na #na
 Netherlands 6.6 6.6 3.0 2.1 0.70 0.89
 Norway #na #na 2.3 2.2 1.04 1.52
 Poland 15.6 12.6 3.3 2.1 0.55 0.59
 Portugal 6.9 5.3 2.3 2.0 0.52 0.64
 Romania 39.2 12.8 3.9 2.0 0.59 0.63
 Serbia 38.5 8.7 3.7 2.0 0.41 0.53
 Slovak Republic 12.3 11.6 3.0 2.0 0.47 0.54
 Slovenia 17.6 15.5 3.7 2.1 0.37 0.45
 Spain 11.2 7.8 2.4 2.2 0.65 0.90
 Sweden 5.1 5.1 2.4 2.1 0.63 0.85
 Switzerland #na #na 3.5 2.1 0.94 1.13
 Turkey 12.5 5.4 2.3 2.0 1.11 1.20
 United Kingdom 14.7 12.7 3.0 2.1 0.60 0.77
Eurasia
 Armenia #na #na 2.3 2.0 0.30 0.20
 Azerbaijan #na #na 2.5 2.0 0.64 0.69
 Belarus #na #na 4.1 2.1 0.46 1.00
 Estonia #na #na 2.7 2.0 0.24 0.37
 Georgia #na #na 2.3 2.0 0.43 0.47
 Kazakhstan 6.4 3.8 2.3 2.0 0.57 0.61
 Kyrgyzstan 5.5 3.6 #na 1.9 0.31 0.26
 Latvia 13.7 10.3 3.6 2.1 0.44 0.71
 Lithuania #na #na 2.8 2.1 0.63 0.82
 Russia 15.0 11.1 3.8 2.4 1.05 2.06
 Tajikistan #na #na #na 1.9 0.63 #na
 Turkmenistan #na #na 2.3 2.0 #na #na
 Ukraine 32.9 10.1 3.6 2.0 0.39 0.50
 Uzbekistan 6.3 4.1 2.1 1.9 #na #na
Middle East
 Bahrain #na #na 2.3 2.0 0.31 0.36
 Iran #na #na 2.2 2.0 0.60 0.59
 Iraq #na #na 2.0 1.9 #na #na

 (Continued )
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ANNEX TABLE 6.2.1

Corrective Fuel Tax Estimates, All Countries, 2010

Country

Coal Natural gas Gasoline Diesel

$ per GJ $ per GJ $ per liter

average all 
plants

plants with 
controls

average all 
plants

ground 
level

 

 Israel 22.0 9.2 2.7 #na 0.51 0.74
 Jordan #na #na 2.0 2.0 0.34 0.31
 Kuwait #na #na #na 2.1 0.67 0.89
 Lebanon #na #na 2.2 2.0 #na #na
 Oman #na #na 2.3 2.0 0.54 0.50
 Qatar #na #na 2.8 2.0 #na #na
 Saudi Arabia #na #na 2.2 2.0 0.52 0.54
 Syria #na #na 2.1 2.0 0.73 0.63
 United Arab Emirates #na #na 2.2 2.0 #na #na
 Africa 
 Algeria #na #na 2.1 2.0 #na #na
 Angola #na #na 2.0 2.0 #na #na
 Benin #na #na #na 1.9 0.17 0.16
 Botswana 4.1 3.4 2.0 #na 0.56 0.40
 Burkina Faso #na #na #na 1.9 0.12 0.13
 Burundi #na #na #na 1.9 0.13 0.13
 Cabo Verde #na #na #na #na 0.83 0.51
 Cameroon #na #na 2.0 1.9 0.15 0.17

Central African  
 Republic

#na #na #na 1.9 0.82 0.49

 Comoros #na #na #na #na 0.15 0.14
 Congo, Rep. of #na #na 1.9 1.9 0.13 #na
 Côte d’Ivoire #na #na 1.9 1.9 0.41 0.29
 Egypt #na #na 2.1 2.0 0.38 0.35
 Ethiopia #na #na #na 1.9 0.41 0.27
 Gambia, The #na #na #na 1.9 0.14 0.14
 Ghana #na #na 1.9 #na 0.28 0.23
 Guinea-Bissau #na #na #na 1.9 0.46 0.31
 Kenya #na #na 1.9 #na 0.45 0.33
 Liberia #na #na #na 1.9 0.69 0.43
 Libya #na #na 2.1 2.0 #na #na
 Madagascar #na #na #na 1.9 0.21 0.18
 Malawi #na #na 1.9 1.9 0.47 0.31
 Mali #na #na #na 1.9 0.38 0.26
 Mauritius 3.6 3.3 #na #na 0.57 0.37
 Morocco 4.5 3.5 2.0 2.0 0.64 0.47
 Mozambique #na #na #na 1.9 0.44 0.29
 Namibia 3.5 3.4 #na 1.9 #na #na
 Niger #na #na #na 1.9 0.25 0.19
 Nigeria #na #na 2.0 1.9 0.22 0.22
 Rwanda #na #na #na 1.9 0.31 0.23

Sāo Tomé and 
Príncipe

#na #na #na #na 0.24 0.19

 Senegal 3.4 3.4 #na 1.9 0.18 0.18
 Seychelles #na #na #na #na 0.52 0.34
 Sierra Leone #na #na #na 1.9 0.16 0.14
 South Africa 4.6 3.6 2.0 #na 0.80 0.65

Sudan and South 
Suda

#na #na 1.9 1.9 0.11 0.13

 Swaziland #na #na #na #na 0.48 0.32

(Continued )
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ANNEX TABLE 6.2.1

Corrective Fuel Tax Estimates, All Countries, 2010

Country

Coal Natural gas Gasoline Diesel

$ per GJ $ per GJ $ per liter

average all 
plants

plants with 
controls

average all 
plants

ground 
level

 

 Tanzania #na #na 1.9 1.9 0.51 0.33
 Togo #na #na 1.9 #na 0.20 0.17
 Tunisia #na #na 2.1 2.0 0.61 0.44
 Uganda #na #na #na 1.9 0.51 0.33
 Zambia #na #na #na 1.9 0.70 0.42
 Zimbabwe 3.3 3.3 #na 1.9 0.22 0.20
Asia and Oceania
 Afghanistan #na #na 2.0 1.9 0.17 0.17
 Australia 4.1 3.9 2.0 2.1 0.55 0.73
 Bangladesh 8.3 4.2 2.3 2.0 0.45 0.43
 Bhutan #na #na #na #na 0.96 0.58
 Brunei #na #na 3.9 #na 0.29 0.25
 Cambodia #na #na #na #na 0.73 0.52
 China 15.0 9.2 3.2 2.5 0.55 0.51
 Fiji #na #na #na #na 0.58 0.40
 Hong Kong SAR 16.5 17.7 4.7 #na #na #na
 India 8.7 8.7 2.2 2.0 0.78 0.54
 Indonesia 5.7 4.0 2.3 2.0 0.32 0.42
 Japan 5.5 5.1 3.1 2.5 1.13 1.44
 Kiribati #na #na #na #na 0.18 0.17
 Korea, Rep. of 8.1 7.7 4.1 2.3 0.98 1.20
 Malaysia 5.3 4.7 2.3 2.0 0.55 0.58
 Maldives #na #na #na #na 0.58 0.52
 Mongolia 7.4 4.5 #na #na 0.48 0.54
 New Zealand 4.1 3.7 2.0 2.0 0.44 0.55
 Pakistan 7.3 4.5 2.3 2.0 0.31 0.29
 Papua New Guinea #na #na #na #na 0.34 0.26
 Philippines 5.9 4.1 2.1 #na 0.25 0.32
 Samoa #na #na #na #na 0.20 0.17
 Singapore #na #na 2.9 2.9 1.29 2.18
 Sri Lanka 5.7 3.7 #na #na 0.63 0.42

Taiwan Province of 
China

6.0 6.3 4.4 #na #na #na

 Thailand 12.7 5.6 2.3 #na 0.42 0.39
 Vietnam 5.5 3.8 2.1 #na 0.46 0.43

 Source: See Chapters 3 and 4. 
 Note: The table shows estimates of corrective taxes for coal and natural gas, reflecting combined damages from carbon 

and local pollution emissions; and motor fuels, reflecting combined damages from carbon and local pollution emis-
sions, congestion, accidents, and, for diesel, road damage (from trucks). For coal, corrective taxes are shown aver-
aged across all plants and across only plants with control technologies (when the two are the same, either all plants 
have control technologies or none do). Corrective motor fuel taxes are not reported when two or more components 
of the corrective tax cannot be estimated. Bold #na = data not available; black  #na  = fuel not used.   
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ANNEX TABLE 6.2.2

Fiscal Impacts of Tax Reform, All Countries, 2010  (percent of GDP) 

Country

Coal tax Natural gas tax Gasoline tax Diesel tax

revenue from revenue from revenue from revenue from

corrective 
tax

tax 
change

corrective 
tax

tax 
change

corrective 
tax

tax 
change

corrective 
tax

tax 
change

North America
 Canada 0.2 0.2 0.4 0.4 1.3 0.5 0.6 0.3
 Mexico 0.1 0.1 0.4 0.4 1.1 1.0 0.5 0.5
 United States 0.6 0.6 0.4 0.4 1.3 0.8 0.4 0.3
Central and South America
 Argentina 0.0 0.0 0.8 1.3 #na #na #na #na
 Barbados #na #na 0.0 0.0 #na #na #na #na
 Bolivia #na #na 0.9 0.9 1.4 1.3 1.5 2.6
 Brazil 0.1 0.1 0.1 0.1 0.9 0.0 0.7 0.4
 Chile 0.2 0.2 0.1 0.1 0.9 0.1 1.0 0.7
 Colombia 0.1 0.1 0.2 0.2 1.0 0.1 0.9 0.6
 Costa Rica #na #na #na #na 1.2 0.6 1.0 1.0
 Cuba #na #na #na #na #na #na #na #na

Dominican 
Republic

0.1 0.1 #na #na 1.7 1.0 0.7 0.6

 Ecuador #na #na 0.1 0.1 1.0 2.7 0.5 2.1
 El Salvador #na #na #na #na 1.2 1.2 0.8 0.9
 Guatemala 0.1 0.1 #na #na #na #na #na #na
 Honduras #na #na #na #na 1.5 1.0 #na #na
 Jamaica #na #na #na #na 1.5 1.2 1.3 1.2
 Nicaragua #na #na #na #na 1.2 0.7 #na #na
 Panama 0.0 0.0 #na #na 1.1 1.3 0.9 1.3
 Paraguay #na #na #na #na 1.3 0.5 2.5 2.2
 Peru 0.1 0.1 0.3 0.3 0.6 0.1 1.2 0.9

St. Vincent 
and the 
Grenadines

#na #na #na #na #na #na #na #na

 Suriname #na #na #na #na #na 0.0 #na 0.8
Trinidad and 

Tobago
#na #na 7.1 7.1 #na #na #na #na

 Uruguay #na #na 0.0 0.0 0.8 0.1 1.0 0.2
 Venezuela #na #na 0.5 0.8 0.3 2.8 0.1 0.7
Europe
 Albania #na #na #na #na 0.7 0.0 3.2 0.7
 Austria 0.2 0.2 0.2 0.2 0.4 0.0 1.3 0.2
 Belgium 0.3 0.3 0.4 0.4 0.3 0.0 1.5 0.4

Bosnia and 
Herzegovina

#na #na #na #na 0.8 0.0 2.8 0.3

 Bulgaria 4.4 4.4 #na #na 0.9 0.0 2.2 0.3
 Croatia 0.3 0.3 0.6 0.6 0.7 0.0 1.5 0.2
 Cyprus #na #na #na #na 1.0 0.0 0.8 0.0

Czech 
Republic

4.1 4.1 0.4 0.4 0.7 0.0 1.5 0.0

 Denmark 0.2 0.2 0.1 0.1 0.8 0.2 1.2 0.5
 Finland 0.3 0.3 0.1 0.1 0.7 0.0 1.0 0.2
 France 0.1 0.1 0.2 0.2 0.3 0.0 1.3 0.3
 Germany 0.6 0.7 0.2 0.2 0.5 0.0 0.8 0.1
 Greece 1.1 1.2 0.1 0.1 1.1 0.0 0.8 0.0
 Hungary 0.9 0.9 0.9 0.9 0.7 0.0 1.3 0.0
 Iceland #na #na #na #na 0.9 0.0 0.7 0.0
 Ireland 0.1 0.2 0.2 0.2 0.6 0.0 1.0 0.0
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ANNEX TABLE 6.2.2

Fiscal Impacts of Tax Reform, All Countries, 2010  (percent of GDP) 

Country

Coal tax Natural gas tax Gasoline tax Diesel tax

revenue from revenue from revenue from revenue from

corrective 
tax

tax 
change

corrective 
tax

tax 
change

corrective 
tax

tax 
change

corrective 
tax

tax 
change

 Italy 0.1 0.1 0.3 0.3 0.4 0.0 1.0 0.1
 Luxembourg #na #na 0.3 0.3 0.7 0.2 3.3 1.4

Macedonia, 
FYR

#na #na #na #na #na #na #na #na

 Malta #na #na #na #na 0.6 0.0 0.9 0.0
 Montenegro #na #na #na #na #na #na #na #na
 Netherlands 0.2 0.2 0.5 0.5 0.5 0.0 0.9 0.2
 Norway #na #na 0.1 0.1 0.4 0.0 0.9 0.3
 Poland 3.7 4.0 0.3 0.3 0.7 0.0 1.5 0.1
 Portugal 0.1 0.1 0.2 0.2 0.5 0.0 1.5 0.1
 Romania 1.7 1.7 0.8 0.8 0.7 0.0 1.3 0.2
 Serbia 6.3 6.3 0.6 0.6 0.8 0.0 1.9 0.2

Slovak 
Republic

#na #na #na #na #na #na #na #na

 Slovenia 1.3 1.3 0.2 0.2 0.7 0.0 1.4 0.0
 Spain 0.1 0.2 0.2 0.2 0.4 0.0 1.6 0.6
 Sweden 0.1 0.1 0.0 0.0 0.7 0.0 0.8 0.0
 Switzerland #na #na 0.1 0.1 0.7 0.2 0.5 0.2
 Turkey 0.9 1.0 0.3 0.3 0.4 0.0 1.6 0.5

United 
Kingdom

0.4 0.4 0.4 0.4 0.6 0.0 1.0 0.0

Eurasia
 Armenia #na #na 1.1 1.1 0.8 0.2 0.3 0.2
 Azerbaijan #na #na 1.3 1.8 1.2 1.0 0.5 0.6
 Belarus #na #na 4.1 4.1 1.2 0.2 2.3 1.9
 Estonia #na #na 0.3 0.3 0.5 0.0 1.1 0.0
 Georgia #na #na 0.7 0.7 1.7 0.7 1.3 0.9
 Kazakhstan 2.8 3.0 1.2 1.3 1.4 1.1 0.2 0.2
 Kyrgyzstan #na #na #na #na #na #na #na #na
 Latvia 0.1 0.1 0.7 0.7 0.8 0.0 2.3 0.5
 Lithuania #na #na 0.6 0.6 0.7 0.0 2.2 0.8
 Russia 2.2 2.2 3.0 3.9 1.9 1.9 1.0 1.1
 Tajikistan #na #na #na #na 1.0 0.8 #na #na
 Turkmenistan #na #na 6.1 20.5 #na #na #na #na
 Ukraine 7.9 7.9 4.6 7.9 1.5 0.9 0.8 0.9
 Uzbekistan 0.5 0.5 7.1 28.7 #na #na #na #na
Middle East
 Bahrain #na #na 2.9 2.9 0.7 1.7 0.4 1.5
 Iran #na #na 2.2 8.0 1.4 3.0 0.3 3.1
 Iraq #na #na 0.2 0.4 #na #na #na #na
 Israel 1.0 1.0 0.2 0.2 0.8 0.0 0.6 0.0
 Jordan #na #na 0.6 0.6 1.6 1.0 0.7 1.1
 Kuwait #na #na #na #na 0.8 1.5 0.4 0.9
 Lebanon #na #na 0.0 0.0 #na #na #na #na
 Oman #na #na 1.8 4.0 1.3 2.0 0.1 0.2
 Qatar #na #na 2.0 3.5 #na #na #na #na
 Saudi Arabia #na #na 0.9 0.9 1.0 2.3 0.5 2.3
 Syria #na #na 0.9 0.9 2.4 1.6 1.5 3.0

United Arab 
Emirates

#na #na 1.4 4.8 #na #na #na #na

Africa
 Algeria #na #na 1.0 6.2 #na #na #na #na
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ANNEX TABLE 6.2.2

Fiscal Impacts of Tax Reform, All Countries, 2010  (percent of GDP) 

Country

Coal tax Natural gas tax Gasoline tax Diesel tax

revenue from revenue from revenue from revenue from

corrective 
tax

tax 
change

corrective 
tax

tax 
change

corrective 
tax

tax 
change

corrective 
tax

tax 
change

 Angola #na #na 0.0 0.0 #na #na #na #na
 Benin #na #na #na #na 2.1 0.2 1.3 0.4
 Botswana 0.5 0.5 #na #na 1.5 1.3 0.8 0.7
 Burkina Faso #na #na #na #na 0.3 0.0 0.6 0.0
 Burundi #na #na #na #na 0.3 0.0 0.7 0.0
 Cabo Verde #na #na #na #na 1.7 0.2 1.9 0.7
 Cameroon #na #na 0.1 0.1 0.3 0.0 0.5 0.1

Central African 
Republic

#na #na #na #na 1.7 0.4 2.4 0.0

 Comoros #na #na #na #na #na #na #na #na
 Congo, Rep. of #na #na #na #na #na #na #na #na
 Côte d’Ivoire #na #na #na #na #na #na #na #na
 Egypt #na #na 1.3 2.3 0.7 1.7 0.5 2.5
 Ethiopia #na #na #na #na 0.3 0.1 0.7 0.9
 Gambia, The #na #na #na #na 0.4 0.0 0.7 0.0
 Ghana #na #na #na #na 0.8 0.5 0.6 0.7
 Guinea-Bissau #na #na #na #na 1.0 0.2 1.4 0.5
 Kenya #na #na #na #na 1.1 0.4 1.0 1.0
 Liberia #na #na #na #na 1.2 1.0 1.7 1.5
 Libya #na #na 0.6 0.9 #na #na #na #na
 Madagascar #na #na #na #na 0.5 0.0 0.8 0.0
 Malawi #na #na #na #na 1.1 0.0 1.6 0.0
 Mali #na #na #na #na 0.9 0.0 1.2 0.3
 Mauritius 0.5 0.5 #na #na 1.4 0.2 1.2 0.6
 Morocco 0.3 0.3 0.0 0.0 0.5 0.1 1.5 1.3
 Mozambique #na #na #na #na 0.9 0.3 1.2 0.6
 Namibia 0.1 0.1 #na #na #na #na #na #na
 Niger #na #na #na #na 0.5 0.1 0.9 0.0
 Nigeria #na #na 0.2 0.2 0.5 1.0 0.0 0.0
 Rwanda #na #na #na #na 0.8 0.0 1.4 0.0

São Tomé and 
Príncipe

#na #na #na #na #na #na #na #na

 Senegal 0.1 0.1 #na #na 0.2 0.0 0.9 0.0
 Seychelles #na #na #na #na #na #na 1.2 0.0
 Sierra Leone #na #na #na #na 0.4 0.1 0.6 0.6
 South Africa 3.2 3.2 0.1 0.1 1.7 1.0 1.0 0.6

Sudan and 
South Suda

#na #na #na #na #na #na #na #na

 Swaziland #na #na #na #na 0.9 0.5 1.2 0.6
 Tanzania #na #na 0.2 0.2 0.7 0.2 1.3 0.2
 Togo #na #na #na #na 1.6 0.0 0.7 0.1
 Tunisia #na #na 0.7 0.7 0.7 0.5 1.5 1.2
 Uganda #na #na #na #na 1.2 0.0 1.5 0.3
 Zambia #na #na #na #na 0.9 0.1 0.9 0.0
 Zimbabwe 2.7 2.7 #na #na 0.7 0.0 0.7 0.1
Asia and Oceania
 Afghanistan #na #na 0.1 0.1 0.6 0.1 0.8 0.4
 Australia 0.5 0.5 0.1 0.2 0.8 0.2 0.5 0.2
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ANNEX TABLE 6.2.2

Fiscal Impacts of Tax Reform, All Countries, 2010  (percent of GDP) 

Country

Coal tax Natural gas tax Gasoline tax Diesel tax

revenue from revenue from revenue from revenue from

corrective 
tax

tax 
change

corrective 
tax

tax 
change

corrective 
tax

tax 
change

corrective 
tax

tax 
change

 Bangladesh 0.1 0.1 1.2 2.9 0.2 0.1 0.3 0.7
 Bhutan #na #na #na #na 1.4 1.0 1.8 2.3
 Brunei #na #na #na #na #na #na #na #na
 Cambodia #na #na #na #na 1.2 0.7 1.7 1.5
 China 6.8 6.8 0.2 0.2 0.8 0.3 0.6 0.3
 Fiji #na #na #na #na #na #na #na #na

Hong Kong 
SAR

#na #na #na #na #na #na #na #na

 India 3.1 3.1 0.3 0.4 0.8 0.5 1.0 1.2
 Indonesia 0.5 0.5 0.4 0.4 0.9 1.2 0.5 1.3
 Japan 0.3 0.3 0.2 0.2 1.1 0.3 0.5 0.4
 Kiribati #na #na #na #na #na #na #na #na
 Korea, Rep. of #na #na #na #na #na #na #na #na
 Malaysia 0.8 0.8 0.9 1.3 2.0 2.1 0.9 1.2
 Maldives #na #na #na #na #na #na #na #na
 Mongolia 6.0 6.0 #na #na 2.7 1.3 0.2 0.2
 New Zealand 0.1 0.1 0.2 0.2 1.0 0.0 0.6 0.6
 Pakistan 0.4 0.4 1.2 3.8 0.5 0.3 1.0 1.4

Papua New 
Guinea

#na #na #na #na 0.4 #na #na #na

 Philippines 0.5 0.5 0.1 0.1 0.5 0.1 0.6 0.9
 Samoa #na #na #na #na 0.4 0.1 0.8 0.3
 Singapore #na #na 0.3 0.3 0.5 0.3 1.1 0.9
 Sri Lanka 0.0 0.0 #na #na 0.9 0.6 1.1 2.0

Taiwan 
Province of 
China

#na #na #na #na #na #na #na #na

 Thailand 0.9 1.1 0.8 1.0 1.0 0.0 1.4 1.4
 Vietnam 1.7 1.7 0.6 0.8 2.4 1.2 2.2 2.0

 Source: See Annex 6.1. 
 Note: The table shows estimates of the revenue effect, as a percent of GDP, from imposing corrective taxes on different 

fuels, one column indicating the revenue from these taxes and the other the change in revenue from implementing 
the corrective tax compared with any revenue (or revenue losses) from existing taxes (or subsidies). Where current 
taxes exceed corrective taxes, revenue gains from tax reform are taken to be zero (for reasons discussed in  Chapter 
4 , corrective motor fuel taxes may be understated, so lowering tax rates in these cases may not be warranted). To 
keep them manageable, the calculations do not account for the impact of taxes on one fuel affecting revenues from 
substitute fuels. Bold #na = data not available; black #na = fuel not used. 
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ANNEX TABLE 6.2.3

Health and Environmental Impacts of Tax Reform, All Countries, 2010

Country

Percent reduction in pollution 
deaths from

Percent reduction in nationwide energy-
related CO2 emissions

coal 
tax

natural 
gas tax

gasoline 
tax

diesel 
tax

coal 
tax

natural 
gas tax

gasoline 
tax

diesel 
tax

North America
 Canada 16.8 2.8 1.8 3.4 4.4 7.5 2.4 1.0
 Mexico 3.4 0.8 5.2 9.2 2.7 6.5 5.4 2.3
 United States 47.2 3.3 1.1 2.4 11.5 5.8 3.9 1.4
Central and South America
 Argentina #na #na #na #na 0.7 11.6 #na #na
 Barbados #na #na #na #na #na 0.7 #na #na
 Bolivia #na 1.5 1.5 20.0 #na 7.9 3.3 7.3
 Brazil 6.8 0.2 0.0 5.4 3.8 2.7 0.0 2.1
 Chile 9.0 0.1 0.4 11.8 9.1 3.4 0.6 3.6
 Colombia 9.7 0.4 0.0 13.1 5.8 5.9 0.4 3.8
 Costa Rica #na #na 1.4 13.3 #na #na 5.0 7.6
 Cuba #na #na #na #na #na 1.4 #na #na

Dominican 
Republic

22.7 #na 2.8 11.8 6.3 #na 6.4 4.3

 Ecuador #na 0.2 7.9 44.2 #na 1.2 23.6 21.3
 El Salvador #na #na 3.1 13.8 #na #na 10.8 7.8
 Guatemala #na #na #na #na 4.3 #na #na #na
 Honduras #na #na #na #na #na #na 5.0 #na
 Jamaica #na #na 1.8 8.7 #na #na 6.0 4.8
 Nicaragua #na #na 0.9 #na #na #na 3.3 #na
 Panama 4.8 #na 2.9 19.6 1.7 #na 10.1 11.2
 Paraguay #na #na 0.4 12.3 #na #na 2.0 9.6
 Peru 1.5 0.4 0.3 9.1 2.3 6.5 0.6 3.7

St. Vincent 
and the 
Grenadines

#na #na #na #na #na #na #na #na

 Suriname #na #na 0.0 4.3 #na #na 0.1 1.2
Trinidad and 

Tobago
#na #na #na #na #na 15.8 #na #na

 Uruguay #na 0.1 0.0 0.0 #na 0.8 1.5 0.0
 Venezuela #na 1.7 29.0 50.5 #na 8.9 30.5 8.7
Europe
 Albania #na #na 0.0 0.0 #na #na 0.1 0.0
 Austria 9.2 4.0 0.0 0.0 8.6 7.3 0.0 0.0
 Belgium 31.8 4.0 0.0 0.5 9.0 10.9 0.0 0.6

Bosnia and 
Herzegovina

#na #na 0.0 0.0 #na #na 0.0 0.0

 Bulgaria 89.1 #na 0.0 0.0 17.5 #na 0.0 0.0
 Croatia 51.1 5.3 0.0 0.0 7.5 12.0 0.0 0.0
 Cyprus #na #na 0.0 0.0 #na #na 0.0 0.0

Czech 
Republic

39.2 0.7 0.0 0.0 29.6 3.6 0.0 0.0

 Denmark 13.6 4.5 0.0 4.3 12.0 5.4 1.4 2.8
 Finland 17.1 2.2 0.0 0.7 12.5 4.4 0.0 0.3
 France 13.8 3.3 0.0 1.7 7.2 7.8 0.0 1.2
 Germany 22.3 2.6 0.0 0.0 15.9 5.9 0.0 0.0
 Greece 48.0 0.2 0.0 0.0 9.7 2.3 0.0 0.0
 Hungary 42.2 4.9 0.0 0.0 7.5 12.3 0.0 0.0
 Iceland #na #na 0.0 0.0 #na #na 0.0 0.0
 Ireland 26.8 2.5 0.0 0.0 4.6 6.8 0.0 0.0
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ANNEX TABLE 6.2.3

Health and Environmental Impacts of Tax Reform, All Countries, 2010

Country

Percent reduction in pollution 
deaths from

Percent reduction in nationwide energy-
related CO2 emissions

coal 
tax

natural 
gas tax

gasoline 
tax

diesel 
tax

coal 
tax

natural 
gas tax

gasoline 
tax

diesel 
tax

 Italy 6.2 4.6 0.0 0.0 5.9 9.8 0.0 0.0
 Luxembourg #na #na #na #na #na 5.7 0.6 4.4

Macedonia, 
FYR

#na #na #na #na 19.1 0.7 #na #na

 Malta #na #na #na #na #na #na 0.0 0.0
 Montenegro #na #na #na #na 19.6 #na #na #na
 Netherlands 9.5 9.3 0.0 0.4 7.0 12.7 0.0 0.2
 Norway #na 1.6 0.0 7.7 #na 9.0 0.1 2.2
 Poland 50.7 0.6 0.0 0.0 29.8 2.3 0.0 0.0
 Portugal 19.7 1.3 0.0 0.0 5.5 5.2 0.0 0.0
 Romania 71.2 1.9 0.0 0.0 10.4 9.5 0.0 0.0
 Serbia 84.1 0.3 0.0 0.0 22.6 2.6 0.0 0.0

Slovak 
Republic

33.2 2.9 #na #na 17.0 7.9 #na #na

 Slovenia 36.4 1.6 0.0 0.0 15.4 3.8 0.0 0.0
 Spain 17.3 1.3 0.0 3.9 5.1 6.9 0.0 2.3
 Sweden 4.4 0.6 0.0 0.0 6.5 1.8 0.0 0.0
 Switzerland #na 8.0 0.3 3.3 #na 4.0 1.9 1.0
 Turkey 72.9 0.6 0.0 0.3 7.5 5.4 0.1 0.6

United 
Kingdom

37.5 3.8 0.0 0.0 12.5 9.7 0.0 0.0

Eurasia
 Armenia #na #na #na #na #na 5.1 0.2 0.1
 Azerbaijan #na 6.4 9.6 11.1 #na 11.7 3.1 1.8
 Belarus #na 14.3 0.2 11.7 #na 21.9 0.3 2.7
 Estonia #na 2.8 0.0 0.0 #na 1.3 0.0 0.0
 Georgia #na 1.6 2.9 5.8 #na 8.8 2.2 2.1
 Kazakhstan 68.6 1.1 2.4 1.0 18.1 4.7 1.3 0.3
 Kyrgyzstan #na #na #na #na 6.5 #na #na #na
 Latvia 6.4 6.0 0.0 0.0 2.4 12.1 0.0 0.0
 Lithuania #na 3.5 0.0 4.9 #na 11.5 0.0 1.7
 Russia 25.0 5.7 5.9 9.5 11.5 15.0 2.7 1.4
 Tajikistan #na #na #na #na #na #na 2.8 #na
 Turkmenistan #na #na #na #na #na 15.4 #na #na
 Ukraine 75.3 1.9 0.0 0.2 18.7 10.7 0.5 0.4
 Uzbekistan #na #na #na #na 0.9 14.8 #na #na
Middle East
 Bahrain #na 10.9 3.1 17.2 #na 14.7 4.4 3.8
 Iran #na #na 10.9 3.1 #na 12.0 8.4 12.3
 Iraq #na #na #na #na #na 3.8 #na #na
 Israel 66.4 0.4 0.0 0.0 14.5 3.9 0.0 0.0
 Jordan #na 3.1 1.8 13.2 #na 8.0 3.4 3.9
 Kuwait #na #na 13.2 48.7 #na #na 11.4 6.6
 Lebanon #na #na #na #na #na 1.3 #na #na
 Oman #na 13.5 7.0 3.6 #na 14.8 7.1 0.6
 Qatar #na #na #na #na #na 17.8 #na #na
 Saudi Arabia #na 2.3 7.8 55.5 #na 10.0 13.0 14.5
 Syria #na 3.0 1.8 32.1 #na 9.6 3.6 9.9

United Arab 
Emirates

#na #na #na #na #na 13.9 #na #na

Africa
 Algeria #na #na #na #na #na 10.4 #na #na
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ANNEX TABLE 6.2.3

Health and Environmental Impacts of Tax Reform, All Countries, 2010

Country

Percent reduction in pollution 
deaths from

Percent reduction in nationwide energy-
related CO2 emissions

coal 
tax

natural 
gas tax

gasoline 
tax

diesel 
tax

coal 
tax

natural 
gas tax

gasoline 
tax

diesel 
tax

 Angola #na #na #na #na #na 2.4 #na #na
 Benin #na #na 0.0 0.0 #na #na 0.6 0.0
 Botswana 38.6 #na 3.9 4.1 12.7 #na 5.0 2.5
 Burkina Faso #na #na 0.0 0.0 #na #na 0.0 0.0
 Burundi #na #na 0.0 0.0 #na #na 0.0 0.0
 Cabo Verde #na #na #na #na #na #na 0.6 1.2
 Cameroon #na 0.1 0.0 0.0 #na 2.9 0.0 0.0

Central African 
Republic

#na #na 1.0 0.0 #na #na 1.9 0.0

 Comoros #na #na #na #na #na #na #na #na
 Congo, Rep. of #na #na #na #na #na 4.5 #na #na
 Côte d’Ivoire #na 1.5 #na #na #na 7.4 #na #na
 Egypt #na 4.8 3.5 36.8 #na 11.8 5.8 9.2
 Ethiopia #na #na 0.9 11.5 #na #na 1.7 10.5
 Gambia, The #na #na 0.0 0.0 #na #na 0.0 0.0
 Ghana #na #na 3.1 6.7 #na #na 4.9 5.0

Guinea- 
 Bissau

#na #na 0.0 0.0 #na #na 0.3 0.2

 Kenya #na #na 1.5 8.6 #na #na 2.3 6.3
 Liberia #na #na 3.5 9.6 #na #na 2.6 3.4
 Libya #na #na #na #na #na 8.3 #na #na
 Madagascar #na #na 0.0 0.0 #na #na 0.0 0.0
 Malawi #na #na 0.0 0.0 #na #na 0.0 0.0
 Mali #na #na 0.0 0.0 #na #na 0.0 0.0
 Mauritius #na #na #na #na 8.6 #na 0.4 0.7
 Morocco 27.4 0.1 0.4 8.8 11.3 0.9 0.5 5.8
 Mozambique #na #na #na #na #na #na 1.5 1.0
 Namibia #na #na #na #na 3.3 #na #na #na
 Niger #na #na 0.0 0.0 #na #na 0.7 0.0
 Nigeria #na 0.8 21.4 0.7 #na 7.2 13.1 0.2
 Rwanda #na #na 0.0 0.0 #na #na 0.0 0.0

São Tomé and 
Príncipe

#na #na #na #na #na #na #na #na

 Senegal 9.4 #na 0.0 0.0 5.3 #na 0.0 0.0
 Seychelles #na #na #na #na #na #na #na 0.0
 Sierra Leone #na #na 0.0 1.7 #na #na 0.3 0.4
 South Africa 67.5 0.0 0.4 1.3 22.2 0.2 0.9 0.4

Sudan and 
South Sudan

#na #na #na #na #na #na #na #na

 Swaziland #na #na #na #na #na #na 2.2 1.3
 Tanzania #na 0.3 0.7 0.0 #na 4.7 0.9 0.0
 Togo #na #na 0.0 0.0 #na #na 0.0 0.0
 Tunisia #na 2.5 2.2 9.1 #na 10.4 1.6 3.6
 Uganda #na #na 0.0 0.0 #na #na 0.0 0.0
 Zambia #na #na 0.0 0.0 #na #na 1.4 0.0
 Zimbabwe 61.1 #na 0.0 0.0 19.8 #na 0.0 0.0
Asia and Oceania
 Afghanistan #na 0.1 0.0 0.0 #na 0.7 0.2 0.0
 Australia 19.8 0.3 0.5 3.6 11.8 2.9 0.8 0.7

(Continued)
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ANNEX TABLE 6.2.3

Health and Environmental Impacts of Tax Reform, All Countries, 2010

Country

Percent reduction in pollution 
deaths from

Percent reduction in nationwide energy-
related CO2 emissions

coal 
tax

natural 
gas tax

gasoline 
tax

diesel 
tax

coal 
tax

natural 
gas tax

gasoline 
tax

diesel 
tax

 Bangladesh 18.5 7.2 0.6 9.5 1.5 15.0 0.3 2.2
 Bhutan #na #na #na #na #na #na 4.7 12.4
 Brunei #na #na #na #na #na 20.4 #na #na
 Cambodia #na #na 2.6 13.3 #na #na 2.0 4.5
 China 65.9 0.1 0.0 0.1 32.8 0.7 0.3 0.2
 Fiji #na #na #na #na #na #na #na #na

Hong Kong 
SAR

#na #na #na #na 15.5 #na #na #na

 India 63.1 0.2 0.2 1.0 22.0 1.5 0.6 1.7
 Indonesia 38.4 1.5 2.2 12.6 9.2 5.2 5.3 4.4
 Japan 17.2 3.3 1.2 8.1 16.5 5.1 1.9 1.9
 Kiribati #na #na #na #na #na #na #na #na
 Korea, Rep. of 3.7 3.9 0.1 #na 27.2 5.3 0.5 #na
 Malaysia 20.0 2.8 2.4 11.6 9.3 7.0 5.1 3.0
 Maldives #na #na #na #na #na #na #na #na
 Mongolia 71.4 #na 0.3 0.2 13.5 #na 0.9 0.1
 New Zealand 14.1 0.4 #na 12.7 4.9 5.1 0.0 3.4
 Pakistan 31.1 4.3 0.5 4.6 2.3 10.3 0.6 3.0

Papua New 
Guinea

#na #na #na #na #na #na #na #na

 Philippines 51.3 0.2 0.1 5.0 12.9 1.9 0.6 3.3
 Samoa #na #na #na #na #na #na #na #na
 Singapore #na 2.6 0.9 34.9 #na 1.6 0.3 1.0
 Sri Lanka 6.7 #na 2.6 21.7 #na #na 2.9 11.7

Taiwan 
Province of 
China

#na #na #na #na 20.2 3.4 #na #na

 Thailand 66.3 1.1 0.0 1.7 9.2 6.9 0.0 2.4
 Vietnam 44.2 0.3 1.6 5.1 12.4 2.9 1.7 2.6

 Source: See Annex 6.2. 
 Note: The table shows the percent reduction in countries’ nationwide deaths from air pollution and the percent reduc-

tion in nationwide CO 2  emissions from implementing corrective taxes on each of the fuels (ignoring impacts on use 
of other fuels). The reduction in CO 2  emissions comes from the sorts of behavioral responses summarized in Figure 
3.1 while the reduction in premature deaths comes from similar responses and the adoption of emissions control 
equipment at power plants. In cases where current taxes exceed corrective taxes, potential health and CO2 reduc-
tions from tax reform are indicated by 0. Bold #na = data not available; black #na = fuel not used. 

 (Continued )
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ANNEX TABLE 6.2.4

Estimates of Current Fuel Excise Taxes, All Countries, 2010

Country

Current excise taxes

$ per gigajoule $ per gigajoule $ per liter $ per liter
coal natural gas gasoline diesel

North America
 Canada 0.0 −0.2 0.36 0.42
 Mexico 0.0 0.0 0.10 0.10
 United States 0.0 −0.1 0.13 0.14
Central and South America
 Argentina 0.0 −1.3 0.33 0.39
 Barbados 0.0 0.0 0.42 0.28
 Bolivia 0.0 0.0 0.07 −0.12
 Brazil 0.0 0.0 0.75 0.28
 Chile 0.0 0.0 0.60 0.26
 Colombia 0.0 0.0 0.78 0.29
 Costa Rica 0.0 0.0 0.31 0.11
 Cuba #na #na #na #na
 Dominican Republic 0.0 0.0 0.40 0.17
 Ecuador 0.0 0.0 −0.32 −0.45
 El Salvador 0.0 0.0 0.09 0.03
 Guatemala 0.0 0.0 0.13 0.04
 Honduras 0.0 0.0 0.21 0.06
 Jamaica 0.0 0.0 0.15 0.12
 Nicaragua 0.0 0.0 0.26 0.00
 Panama 0.0 0.0 0.02 −0.09
 Paraguay 0.0 0.0 0.45 0.15
 Peru 0.0 0.0 0.58 0.24

St. Vincent and the 
Grenadines

#na #na #na #na

 Suriname 0.0 0.0 0.31 0.26
 Trinidad and Tobago 0.0 0.0 0.00 0.00
 Uruguay 0.0 0.0 0.66 0.58
 Venezuela 0.0 −1.3 −0.60 −0.65
Europe
 Albania 0.0 0.0 0.63 0.54
 Austria 0.0 0.0 0.93 0.78
 Belgium 0.0 0.0 1.18 0.83
 Bosnia and Herzegovina 0.0 0.0 0.59 0.56
 Bulgaria 0.0 0.0 0.71 0.65
 Croatia 0.0 0.0 0.86 0.73
 Cyprus #na 0.0 0.69 0.66
 Czech Republic 0.0 0.0 0.99 0.89
 Denmark 0.0 0.0 1.16 0.87
 Finland 0.0 0.0 1.22 0.80
 France 0.0 0.0 1.13 0.84
 Germany −1.3 0.0 1.20 0.92
 Greece −0.1 0.0 1.29 0.89
 Hungary 0.0 0.0 0.95 0.82
 Iceland #na 0.0 0.88 0.85
 Ireland −3.3 0.0 1.05 0.90
 Italy 0.0 0.0 1.08 0.86
 Luxembourg #na 0.0 0.84 0.60
 Macedonia, FYR #na #na #na #na
 Malta #na 0.0 0.87 0.73
 Montenegro #na #na #na #na
 Netherlands 0.0 0.0 1.31 0.84

(Continued )
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ANNEX TABLE 6.2.4

Estimates of Current Fuel Excise Taxes, All Countries, 2010

Country

Current excise taxes

$ per gigajoule $ per gigajoule $ per liter $ per liter
coal natural gas gasoline diesel

 Norway 0.0 −0.2 1.34 1.11
 Poland −0.6 0.0 0.85 0.71
 Portugal −0.1 0.0 1.12 0.77
 Romania 0.0 0.0 0.76 0.69
 Serbia 0.0 0.0 0.67 0.62
 Slovak Republic #na #na #na #na
 Slovenia −0.4 0.0 0.96 0.86
 Spain −2.0 0.0 0.85 0.70
 Sweden 0.0 0.0 1.19 1.01
 Switzerland #na 0.0 0.87 0.92
 Turkey −0.5 0.0 1.37 0.97
 United Kingdom 0.0 −0.1 1.20 1.21
Eurasia
 Armenia #na 0.0 0.28 0.14
 Azerbaijan #na −0.9 0.09 −0.05
 Belarus 0.0 0.0 0.45 0.20
 Estonia 0.0 0.0 0.83 0.79
 Georgia 0.0 0.0 0.30 0.23
 Kazakhstan −0.2 −0.2 0.12 −0.08
 Kyrgyzstan #na #na #na #na
 Latvia 0.0 0.0 0.76 0.71
 Lithuania 0.0 0.0 0.87 0.62
 Russia 0.0 −0.9 0.02 0.02
 Tajikistan 0.0 0.0 0.13 0.10
 Turkmenistan 0.0 −4.4 −0.34 −0.38
 Ukraine 0.0 −1.9 0.18 0.06
 Uzbekistan 0.0 −5.3 0.17 0.08
Middle East
 Bahrain 0.0 0.0 −0.30 −0.38
 Iran 0.0 −4.8 −0.37 −0.55
 Iraq 0.0 −1.6 −0.18 −0.23
 Israel 0.0 −0.2 0.93 0.94
 Jordan 0.0 0.0 0.14 −0.09
 Kuwait 0.0 −1.7 −0.32 −0.38
 Lebanon 0.0 0.0 0.36 −0.06
 Oman 0.0 −2.2 −0.24 −0.19
 Qatar 0.0 −1.6 −0.33 −0.38
 Saudi Arabia 0.0 0.0 −0.38 −0.50
 Syria 0.0 0.0 0.27 −0.34
 United Arab Emirates 0.0 −4.6 −0.20 0.03
Africa
 Algeria 0.0 −8.6 −0.24 −0.39
 Angola 0.0 0.0 −0.12 −0.31
 Benin 0.0 0.0 0.20 0.22
 Botswana 0.0 0.0 0.10 0.11
 Burkina Faso 0.0 0.0 0.57 0.38
 Burundi 0.0 0.0 0.63 0.60
 Cabo Verde 0.0 0.0 0.99 0.44
 Cameroon 0.0 0.0 0.37 0.24
 Central African Republic 0.0 0.0 0.81 0.76
 Comoros 0.0 0.0 0.00 0.00
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ANNEX TABLE 6.2.4

Estimates of Current Fuel Excise Taxes, All Countries, 2010

Country

Current excise taxes

$ per gigajoule $ per gigajoule $ per liter $ per liter
coal natural gas gasoline diesel

 Congo, Rep. of #na #na #na #na
 Côte d’Ivoire #na #na #na #na
 Egypt #na −1.4 −0.42 −0.57
 Ethiopia 0.0 0.0 0.23 0.00
 Gambia, The 0.0 0.0 0.56 0.35
 Ghana 0.0 0.0 0.11 0.05
 Guinea-Bissau 0.0 0.0 0.52 0.29
 Kenya 0.0 0.0 0.38 0.07
 Liberia 0.0 0.0 0.17 0.14
 Libya 0.0 −1.1 −0.41 −0.46
 Madagascar 0.0 0.0 0.57 0.31
 Malawi 0.0 0.0 0.88 0.68
 Mali 0.0 0.0 0.51 0.30
 Mauritius 0.0 0.0 0.62 0.29
 Morocco 0.0 0.0 0.61 0.14
 Mozambique 0.0 0.0 0.38 0.25
 Namibia 0.0 0.0 0.23 0.23
 Niger 0.0 0.0 0.24 0.30
 Nigeria 0.0 0.0 −0.19 0.11
 Rwanda 0.0 0.0 1.00 0.96
 São Tomé and Príncipe #na #na #na #na
 Senegal 0.0 0.0 0.59 0.32
 Seychelles 0.0 0.0 0.00 0.55
 Sierra Leone 0.0 0.0 0.14 0.10
 South Africa 0.0 0.0 0.35 0.34
 Sudan and South Suda #na #na #na #na
 Swaziland 0.0 0.0 0.24 0.24
 Tanzania 0.0 0.0 0.48 0.40
 Togo 0.0 0.0 0.31 0.26
 Tunisia 0.0 0.0 0.22 0.16
 Uganda 0.0 0.0 0.73 0.39
 Zambia 0.0 0.0 0.76 0.59
 Zimbabwe 0.0 0.0 0.46 0.29
Asia and Oceania
 Afghanistan #na 0.0 0.20 0.18
 Australia 0.0 −0.1 0.49 0.49
 Bangladesh 0.0 −2.6 0.26 −0.23
 Bhutan #na 0.0 0.25 −0.04
 Brunei #na #na #na #na
 Cambodia #na 0.0 0.32 0.12
 China 0.0 0.0 0.39 0.37
 Fiji #na 0.0 0.00 0.00
 Hong Kong SAR #na #na #na #na
 India 0.0 −1.0 0.36 −0.04
 Indonesia 0.0 0.0 −0.13 −0.35
 Japan 0.0 0.0 0.75 0.46
 Kiribati #na 0.0 0.00 0.00
 Korea, Rep. of #na #na 0.85 #na
 Malaysia 0.0 −0.8 −0.04 −0.10
 Maldives #na 0.0 0.00 0.00
 Mongolia 0.0 0.0 0.28 0.18
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ANNEX TABLE 6.2.4

Estimates of Current Fuel Excise Taxes, All Countries, 2010

Country

Current excise taxes

$ per gigajoule $ per gigajoule $ per liter $ per liter
coal natural gas gasoline diesel

 New Zealand 0.0 0.0 0.63 0.13
 Pakistan 0.0 −4.1 0.17 −0.03
 Papua New Guinea #na 0.0 0.00 0.00
 Philippines 0.0 0.0 0.22 −0.02
 Samoa #na 0.0 0.20 0.20
 Singapore #na 0.0 0.69 0.31
 Sri Lanka 0.0 0.0 0.21 −0.20

Taiwan Province of 
China

#na #na #na #na

 Thailand −0.9 −0.3 0.59 0.09
 Vietnam 0.0 −0.7 0.25 0.11

 Source: See Annex 6.1. 
 Note: The table shows estimates of the current excise tax (or subsidy) for each fuel as measured in Clements and others 

(2013) using the price-gap approach (e.g., comparing differences between domestic and international fuel prices) 
consistently applied across countries. These estimates will differ from authorities’ assessments of tax rates based on 
their own country-specific data. Bold #na = data not available; black #na = fuel not used. 
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  CHAPTER 7 

 Concluding Thoughts 

 Encouraging environmentally sustainable growth is a problem faced by all coun-
tries. The beauty of fiscal instruments such as environmental taxes or tax-like 
instruments is that (albeit with some important caveats about base targeting, ex-
ploiting fiscal opportunities, and use of complementary instruments) they can 
achieve an efficient balance between environmental and economic concerns— if  
they are set to reflect environmental damage. 

 This volume shows how environmental damage can be measured for different 
countries, focusing on damage related to the use of fossil fuels, and how this in-
formation can be used to put into practice the principle of “getting prices right.” 

 This exercise involves a multitude of caveats. From an analytical perspec-
tive, legitimate questions arise about data reliability and the methods used to 
quantify environmental damage. However, the accuracy of environmental 
damage assessments has been improving dramatically, and will continue to do 
so, not least because of modeling efforts elsewhere.  1   And although legitimate 
disagreements will remain, for example, about the appropriate values for car-
bon emissions and pollution- and accident-related premature deaths, spread-
sheets accompanying this report can help discipline this debate by clarifying 
how alternative assumptions affect the economically efficient system of energy 
taxes. 

 Implementing efficient energy tax systems is highly challenging, especially 
because of resistance to higher energy prices. However, having some sense of the 
direction in which policy should ideally be headed from an economic perspec-
tive is very useful. It provides a benchmark against which other, perhaps politi-
cally easier, options can be judged, giving policymakers a better sense of the 
trade-offs they face, for example, in the environmental effectiveness and the 
revenue from well-designed tax reforms versus the weaker environmental effec-
tiveness and lack of revenue from regulatory approaches. Moreover, the efficient 
scale of other, nonfiscal instruments, such as standards for energy efficiency 
and  renewables, might be evaluated by comparing the incremental costs they 
impose per ton of emissions with the environmental damages per ton estimates 
here. 

 The hope is that this book will help countries move forward with policy re-
forms, as well as stimulate further analytical work and the data collection needed 
to improve the accuracy of country-by-country damage assessments, all of which 

 1 For example, the Intergovernmental Panel on Climate Change on climate impacts, and the Global 
Burden of Disease project, the International Institute for Applied Systems Analysis, and the Climate 
and Clean Air Coalition on air pollution damage.
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promote more informed policy decisions. The findings suggest large and perva-
sive disparities between efficient fuel taxes and current practice in developed and 
developing countries alike—with much at stake for health, environmental, and 
fiscal outcomes. There is much to be done in getting energy prices right; the aim 
of this volume is to provide the tools and evidence to help achieve this in 
practice.   
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  Glossary 

   Air emissions regulations  . Requirements for the use of emissions control technologies or 
standards for allowable emission rates (e.g., per kWh averaged over a generator’s plants). 

   Air quality model  . Computational models that link emissions from different sources to 
ambient pollution concentrations in nearby and more distant regions, accounting for 
meteorological and other factors that influence pollution formation. 

   Area licensing scheme.   A scheme charging motorists for driving in a restricted area with high 
congestion. 

   Biofuels.   Fuels that contain energy from recent production of carbon in living organisms 
such as plants and algae. 

   Border adjustments  . The use of charges on the embodied pollution in imported products to 
alleviate concerns about the impact of environmental taxes on the international com-
petitiveness of domestic firms. 

   Breathing rate (BR).   The rate at which a given amount of outdoor air pollution is inhaled 
by the average person. 

   Carbon capture and storage (CCS)  . Technologies to separate carbon dioxide emissions dur-
ing fuel combustion at, for example, coal plants, transport it to a storage site, and deposit 
it in an underground geological formation (e.g., depleted gas fields) to prevent its release 
into the atmosphere. 

   Carbon dioxide (CO2)  . The predominant greenhouse gas. To convert tons of carbon diox-
ide into tons of carbon, divide by 3.67. To convert a price per ton of carbon dioxide into 
a price per ton of carbon, multiply by 3.67. 

   Carbon dioxide (CO2) equivalent  . The global warming potential of a greenhouse gas over 
its atmospheric lifespan (or over a long period) expressed as the amount of carbon diox-
ide that would yield the same amount of warming. 

   Carbon Monitoring for Action (CARMA)  . A database used for obtaining the geographical 
location of coal and natural gas power plants across different countries. 

   Carbon tax  . A tax imposed on carbon dioxide emissions released largely through the com-
bustion of carbon-based fossil fuels. 

   Common but differentiated responsibilities  . A principle of the United Nations Framework 
Convention on Climate Change calling for developed countries to bear a disproportion-
ately larger burden of mitigation costs (e.g., by funding emissions reduction projects in 
developing countries), given that they are relatively wealthy and contributed most to 
historical atmospheric greenhouse gas accumulations. 

   Concentration response function  . The relationship between ambient pollution concentra-
tions and elevated risks of various fatal diseases for populations exposed to the 
pollution.  

    Corrective tax  . A charge levied on a source of environmental harm and that is set at a level 
to reflect, or correct for, environmental damage. 

   Cost-effective environmental policy  . A policy that achieves a given level of environmental 
protection at minimum economic cost. This requires (1) pricing policies to equate in-
cremental mitigation costs across different sources of an environmental harm and (2) 
that the revenue potential from pricing policies be realized and revenues be used produc-
tively (e.g., to lower other taxes that distort economic activity). 

   Credit trading  . In emissions trading systems, credit trading allows firms with high pollution 
abatement costs to do less mitigation by purchasing allowances from relatively clean 
firms with low abatement costs. Similarly, in regulatory systems credit trading allows 
firms with high compliance costs to fall short of an emissions or other standard by pur-
chasing credits from firms that exceed the standard. 
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   Distance-based taxes  . Taxes that vary directly in proportion to how much a vehicle is driven, 
for example, on busy roads at peak period. 

   Downstream policy  . An emissions policy imposed at the point at which carbon dioxide 
emissions are released from stationary sources, primarily from smokestacks at coal plants 
and other facilities. 

   Economic costs  . The costs of the various ways households and firms respond to a policy 
(e.g., through conserving energy or using cleaner but more costly fuels). Costs also en-
compass the impact of a new policy on distortions (e.g., to work effort and capital ac-
cumulation) created by the broader fiscal system (these costs can be at least partially 
offset through recycling of environmental tax revenues). 

   Efficiency standards  . Requirements for the energy efficiency of products, usually electricity-
using products such as lighting, household appliances, and space heating and cooling 
equipment. Similar policies are sometimes applied to vehicles though they are more 
commonly known as fuel efficiency standards. 

   Emissions control technology  . Technologies used to capture emissions at the point of fuel 
combustion, thereby preventing their release into the atmosphere. Available technologies 
can dramatically cut local air pollution emissions from power plants and vehicles with 
costs that are usually modest relative to environmental benefits. 

   Emissions factor (or coefficient)  . The amount of a particular emission (carbon, sulfur diox-
ide, nitrogen oxides, fine particulate matter) released per unit of fuel combustion. For 
coal and natural gas, emissions factors are expressed in tons per unit of energy; for motor 
fuels they are expressed in tons per liter of fuel. 

   Emissions leakage.   A possible increase in emissions in other regions in response to an emis-
sions reduction in one country or region. Leakage could result from the relocation of 
economic activity, for example, the migration of energy-intensive firms away from 
countries whose energy prices are increased by climate policy. Alternatively, it could re-
sult from price changes, for example, increased demand for fossil fuels in other countries 
as world fuel prices fall in response to reduced fuel demand in countries taking mitiga-
tion actions 

   Emissions pricing  . Policies that put a price on carbon or local air emissions 
   Emissions trading system or scheme (ETS)  . A market-based policy to reduce emissions. Cov-

ered sources are required to hold allowances for each ton of their emissions or, in an 
upstream program, embodied emissions content in fuels. The total quantity of allow-
ances is fixed and market trading of allowances establishes a market price for emissions. 
Auctioning the allowances can provide a valuable source of government revenue. 

   Energy paradox  . The observation that some energy-efficient technologies are not adopted 
by the market even though they appear to pay for themselves through discounted life-
time energy savings that exceed the upfront investment cost. 

   Environmental tax shifting  . Introducing or increasing an environmental tax and simultane-
ously lowering other taxes, thus leaving net government revenue unchanged. 

   Externality  . A cost imposed by the actions of individuals or firms on other individuals or 
firms that the former do not take into account (e.g., when deciding how much fuel to 
burn or how much to drive). 

   Feebate  . A policy that imposes a fee on firms with emission rates (e.g., carbon dioxide per 
kWh) above a “pivot point” level and provides a corresponding subsidy for firms with 
emissions rates below the pivot point. Alternatively, the feebate might be applied to 
energy consumption rates (e.g., gasoline per kilometer) rather than emissions rates. 
Feebates are the pricing analog of an emissions or energy standard, but they circumvent 
the need for credit trading across firms and across periods to contain policy costs. 

   Fiscal dividend  . The revenue gain from energy tax reform. 
   Flue-gas desulfurization units (scrubbers)  . Technologies used to remove sulfur dioxide from 

exhaust flue gases of fossil-fuel power plants. The most common technology is wet 
scrubbing using a slurry of alkaline sorbent (usually limestone, lime, or seawater). Flue-
gas desulfurization can remove 90 percent or more of the sulfur dioxide in the flue gases 
of coal-fired power plants. 
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   Fuel efficiency (or fuel economy) standards  . Policies that regulate the allowable fuel use per 
unit of distance (or distance per unit of fuel use) for new vehicles, often averaged over a 
manufacturer’s vehicle fleet. 

   Getting (energy) prices right  . Reflecting both production costs and environmental damages 
in energy prices faced by energy users. 

   Gigajoule (GJ)  . A metric term used for measuring energy use. For example, 1 GJ is ap-
proximately equivalent to the energy available from 278 kWh of electricity, 26 cubic 
meters of natural gas, or 26 liters of heating oil. One gigajoule is equal to one billion 
joules. 

   Gigatonne (Gt)  . 1 billion (10 9 ) tonnes. 
   Global Burden of Disease (GBD) project  . An effort by the World Health Organization to 

describe the global distribution and causes of a wide array of major diseases, injuries, and 
health risk factors (including pollution-related illness).  

    Global positioning system (GPS)  . A space-based satellite navigation system that can provide 
information on where and when vehicles are driven. 

   Global warming  . The rise in observed globally averaged temperature from pre-industrial 
levels that is largely attributed to rising atmospheric accumulations of greenhouse gases 
(as opposed to other factors like changes in solar radiation). 

   Greenhouse gas (GHG)  . A gas in the atmosphere that is transparent to incoming solar radia-
tion but traps and absorbs heat radiated from the earth. Carbon dioxide is the predomi-
nant greenhouse gas. 

   Health or mortality risk value  . Value attached to a premature death or other health effect 
from pollution exposure or traffic accident used to monetize health risks, needed to as-
sess corrective energy taxes. 

   Integrated Assessment Model  . A model that combines a simplified representation of the cli-
mate system with a model of the global economy to project the impacts of mitigation 
policy on future atmospheric greenhouse gas concentrations and temperature. 

   Interagency Working Group on the Social Cost of Carbon  . A group of representatives from 
U.S. executive branch agencies and offices tasked with developing consistent estimates 
of the social costs of carbon for use in regulatory analysis. 

   Intergovernmental Panel on Climate Change (IPCC)  . The IPCC assesses the scientific, tech-
nical, and socioeconomic information relevant for understanding climate change. 

   Intake fraction  . The average pollution inhaled per unit of emissions released, usually ex-
pressed as grams of fine particulate matter inhaled per ton of primary emissions. 

   Kilowatt hour (kWh)  . A unit of energy equal to 1,000 watt hours or 3.6 million joules. 
   LandScan data  . Provides population counts by grid cell across different countries. 
   Local or ambient air pollution  . Outdoor pollution other than carbon emissions caused by 

discharges from fossil fuel consumption and other sources. 
   Megawatt hours (MWh)  . A unit of energy equal to 1,000,000 watt hours or 3.6 billion 

joules. 
   Metric tonne (or ton)  . A unit of mass equal to 1,000 kilograms, or 2,205 pounds. In the 

United States, the short ton, equal to 907 kilograms or 2,000 pounds, is more com-
monly used. 

   Microgram  ( mg ) . Unit of mass equal to one millionth of a gram. 
   Micrometer (mm)  . A distance equal to one millionth of a meter. 
   Millennium Cities Database for Sustainable Transport  . Database providing travel speeds and 

various transportation indicators for 100 cities across many different countries. 
   Nitrogen oxides (NOx  )  . Pollutants generated from the combustion of coal, petroleum prod-

ucts, and natural gas. Nitrogen oxides react in the atmosphere to form fine particulates, 
which are harmful to human health. 

   Offset  . A reduction in emissions in other countries or unregulated sectors that is credited 
to reduce the tax liability or permit requirements for emissions covered by a formal pric-
ing program. 

   Ozone  . A secondary pollutant formed at ground level from chemical reactions involving 
nitrogen oxides and volatile organic compounds that can have health effects. 
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   Particulate matter (PM)  . Particulate matter is classified into fine particulates (PM 2.5 , with 
 diameter up to 2.5 micrometers) and coarse particulates (PM 10 , with diameter up to 
10 micrometers). Fine particulates are damaging to human health because they are small 
enough to penetrate the lungs and bloodstream, thereby raising the risk of heart, lung, 
and other diseases. 

   Parts per million (ppm)  . Unit for measuring the concentration of greenhouse gas molecules 
in the atmosphere by volume. 

   Passenger car equivalent (PCE)  . The contribution to congestion from a vehicle-kilometer 
driven by another vehicle (e.g., a truck) relative to congestion per vehicle-kilometer 
driven by a car. 

   Pavement damage  . Wear and tear on the road network caused by vehicles, especially heavy 
trucks (because damage is a rapidly escalating function of a vehicle’s axle weight). 

   Pay-as-you-drive (PAYD) auto insurance  . A system of car insurance in which motorists pay 
premiums in direct proportion to the amount they drive. 

   Petajoule (PJ)  . A metric term used for measuring energy use. A petajoule is equal to one 
quadrillion joules. 

   Primary air pollutant  . A pollutant, such as sulfur dioxide or nitrogen oxides, that subse-
quently transforms through chemical reactions in the atmosphere into a “secondary” 
pollutant, most importantly, fine particulates, which, in turn, have harmful effects on 
human health. 

   Primary energy consumption  . The energy content of fossil and other fuels before any trans-
formation into secondary energy (e.g., electricity). 

   Proxy environmental tax  . An environmentally related tax that forgoes some environmental 
effectiveness because it is not directly targeted at the source of environmental harm. For 
example, unlike a direct tax on emissions, a tax on electricity consumption does not 
promote use of cleaner power generation fuels. 

   Rebound effect  . The increase in fuel use (or emissions) resulting from increased use of 
energy-consuming products following an improvement in energy efficiency, which low-
ers their operating costs. 

   Revealed preference  . Studies that use observed market behavior to estimate people’s trade-
offs. For example, estimates of how much people are willing to pay for reduced mortality 
risk have been inferred from studies that look at the lower wages paid for jobs with lower 
occupational risks.  

    Secondary air pollutant  . A pollutant (the most important of which from a health perspec-
tive is fine particulates) formed from atmospheric reactions involving primary pollutants 
such as sulfur dioxide and nitrogen oxides. 

   Secondary energy  . An energy source, primarily electricity, produced by combusting a pri-
mary fuel. 

   Social cost  . The sum of private cost and external cost. 
   Social cost of carbon (SCC)  . The present discounted value of worldwide damage from the 

future global climate change associated with an additional ton of carbon dioxide 
emissions. 

   Stated preference  . Studies that use web-based or other questionnaires to infer people’s pref-
erences (e.g., their willingness to pay for reducing fatality risk). 

   Sulfur dioxide (SO2)  . A pollutant caused by the combustion of fuel, primarily coal, that 
reacts in the atmosphere to form fine particulates with potentially harmful effects on 
human health. 

   Targeting the right base  . Levying charges directly on the sources of an environmental harm 
to address all opportunities for reducing that harm. 

   TM5-Fast Scenario Screening Tool (FASST).   A simplified model linking pollution emissions 
from different sources and geographical sites to ambient pollution concentrations and 
health risks in different regions. 

   United Nations Framework Convention on Climate Change (UNFCCC)  . An international 
environmental treaty produced at the 1992 Earth Summit. The treaty’s objective is to 
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stabilize atmospheric greenhouse gas concentrations at a level that would prevent “dan-
gerous interference with the climate system.” The treaty itself sets no mandatory emis-
sions limits for individual countries and contains no enforcement mechanisms. Instead, 
it provides for updates (called protocols) that would set mandatory emissions limits. 

   Upstream policy  . An emissions pricing policy imposed on the supply of fossil fuels 
before their combustion (e.g., at the refinery gate for petroleum products or the 
minemouth for coal). 

   Value of travel time (VOT)  . The monetary cost that people attach to the time used per unit 
of travel. 

   Volatile organic compounds (VOCs)  . Primary pollutants that are released during motor fuel 
combustion and react in the atmosphere to form ozone.  
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