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Smoking chimneys have long been associated with economic growth and 
regarded as a more or less inevitable nuisance to be tolerated in order to 
improve welfare. However, at least since the famous London killer fog of 
1952, it has been clear that air pollution may result in lethal impacts and, 
with respect to air pollution, the tide of perception is turning in developed 
as well as in developing countries. Although the myth of an inevitable trade-
off between economy and ecology continues to be nurtured widely, perhaps 
especially by those that thrive on free access to the commons, a philosophy of 
ecological modernisation which emphasises pollution control as a means to 
improve overall welfare by economising on energy resources and minimising 
unwanted residuals appears to underlie several recent policy initiatives.

Three basic reasons for the changing perspectives on air 

pollution 

First of all the negative impacts of air pollution on health, buildings and vege-
tation are now better understood and documented, due to extensive scientific 
research over recent decades. Secondly, a variety of air pollution abatement 
techniques are available on the market and their costs are far from excessive, 
especially for those that address sulphur and other conventional pollutants. 
Moreover, an expanding market for air pollution control in general helps 
drive technology costs down and support fuel shifts as well as appreciation of 
in-house efficiency measures. Thirdly, methods for cost-benefit analysis have 
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been improved in recent years, so that the costs of measures for controlling 
pollutants can be directly compared with monetary estimates of the benefits 
that pollution control will bring, especially with respect to valuing health 
improvements. Cost-benefit analysis can be carried out on individual pol-
lutants as well as more comprehensive air pollution reduction packages. As 
air pollution is trans-boundary in nature, policymakers are often interested 
in the extent to which costs accepted under a regional agreement involving a 
number of countries will be matched by benefits in a way that is equitable and 
fair to all involved parties. Building on the state-of-the-art in atmospheric 
modelling economic analysis can be extended to address such questions.

The Kuznet’s curve
Under the conceptual label of the Kuznet’s curve (Ekins, 1997) it has been 
hypothesised that countries will have to grow rich before they can afford to 
become cleaner by reducing pollution. It can indeed be shown that coun-
tries with high levels of GDP per capita have greater accomplishments in 
air pollution control than have developing countries. While Kuznet’s curve 
has captured a tendency valid for recent decades with regard SO2 reduction, 
there are indications that recent improvements in cost-benefit analysis are 
changing the patterns under which abatement is introduced. China is one 
country that, informed by economic analysis, is introducing stricter air pol-
lution control measures. 

How to promote implementation
Once air pollution abatement has been identified as economically desirable, 
questions arise as to how to promote implementation. Concern has tradi-
tionally focused on avoidance of peak concentrations and a wide body of 
regulations detail thresholds for concentrations that should not be exceeded. 
In recent years and under the aegis of regional conventions, focus has shifted 
to approaches that aim to reduce overall emissions in order to reduce long-
term impacts on sensitive ecosystems and health conditions, based on emis-
sions ceilings and reduction targets for pollutants. While stationary sources 
are regulated under permit systems with guide values, mobile sources are 
usually controlled by mandatory technological requirements which are 
based on technology-specific solutions, sometimes derived from a best-
available-technology approach. Economists are uneasy with such detailed 
prescriptions, as mandatory technological requirements may lead to a loss 
of economic efficiency, as will be explained in more detail below. For the 
regulatory tool-kit economists favour use of economic policy instruments, 
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such as pollution fees, taxes or emissions trading systems which can lead to 
the economically most effective abatement allocation. In addition, economic 
policy instruments have proven to be very helpful tools for achieving the 
right incentives to attain the desired emission reductions within a reasonably 
short time, without extensive bargaining between regulators and emitters.

This chapter provides an introduction to and overview of methods and prin-
ciples for economic analysis of air pollution abatement, in order to make the 
reader more familiar with the fundamentals of this topic. The polluter-pays 
principle as formulated by the OECD in 1975 suggests that control meas-
ures should not be subsidised by tax-payers, in order to avoid distortion of 
trade and maintain a level playing field for competition. Use of economic 
policy instruments reflecting this principle extends economic principles into 
the legislative framework and the chapter explains how this can be seen as 
a useful complement to the framework of limit values and allowable daily/
hourly means which is traditionally applied for regulatory purposes.

21.1 A basic concept: externalities
The famous economist from the University of Cambridge, A.C. Pigou, in his 
‘Economics of Welfare’ (1920) cited observations that on an annual basis no 
more than 12 per cent of the sunlight astronomically possible was reaching 
the city of London, and he hypothesised that fogs were in fact exacerbated 
by smoke and air pollution from the burning of coal and other fuels. Air pol-
lution occurs as side-effects of otherwise legal economic activities between 
economic parties in the marketplace. Pigou proposed to conceptualise air 
pollution as an un-priced ‘externality’ – external cost – a concept which in 
recent decades has risen to prominence.

By definition external costs are un-priced costs that arise as a side-effect 
of transactions in the marketplace between two parties and affecting third 
parties. If in order to market goods or services and sell it to a consumer a 
producer causes pollution inflicting other parties, the damages incurred by 
this transaction are regarded as external costs. Externalities need not always 
be negative, effects on third parties can also be positive, for instance if pollu-
tion acts as fertiliser for crops or, taking an example from the natural world, 
where a bee pollinates a flower. The point is that as long as these external 
effects are not assigned a price, they do not form part of the calculi in the 
marketplace and they constitute a form of what is known as ‘market failure’.
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Prices reflecting the actual costs
Ideally prices should take account of all relevant factor costs. Consumers that 
face alternative products and services are misguided as to the relative use 
and value of society’s resources if external costs are not factored in. Power 
generated from coal can, at face value, be brought to the market at a lower 
cost than wind-based electricity; as long as external costs are not factored 
in, the consumer has no information as to the real relative costs. In conse-
quence of the distorted market transaction, demand for coal-based electric-
ity dominates, whereas there will be little or no demand for wind energy, 
apart from activities due to possible government support. As demand fails 
to reflect the underlying ‘true’ costs market failure occurs, as the appropri-
ate signals concerning the economically best use of factors of production 
and society’s resources are not provided. Economists favour ‘efficiency’ as the 
best solution, which is a situation where allocation of factors of production 
takes place in an optimal way, considering respective values and costs.

Evidently, arriving at relative external costs remains an empirical ques-
tion and only few transactions are completely free of external costs. Whereas 
fossil fuels inflict external costs on health, buildings and vegetation, wind 
energy may inflict external costs by means of noise, light reflection and lost 
amenity values. Being unable at the time to account for the specific costs 
imposed by air pollution on Londoners, Pigou indicated its relevance by 
quoting surveys identifying monetary damages to buildings and extra costs 
for laundry and artificial light (1920). However, as we shall see in the next 
section relatively advanced methods are now available for providing good 
assessments of externalities.

The use of externality estimates
Once reliable estimates for externalities have been attained they can be useful 
in a number of ways. Many government agencies use such estimates for the 
purpose of economic analysis in which various alternatives are compared, 
e.g. cost-benefit analysis. The difficulty with cost-benefit analysis is that civil 
servants try to arrive at the optimal solution. This may work reasonably at 
project level, but once projects affect wider market dynamics the ability of 
government agencies to predict the wider macroeconomic effects reliably is 
not always convincing. 

Pigou’s favoured idea was to introduce externality adders directly to the 
market; that is, to introduce a correction of the prices distorted by the absence 
of externality costs. The principal method is to introduce a levy, known as a 
Pigouvian tax. Such taxes, for the external effects in question, allow the mar-
ketplace itself to clear demand and supply without additional government 



21.2 The impact pathway approach  447

interference and are hence regarded as the first-best solution. Where positive 
externalities arise, the estimates can also be used to justify a subsidy. 

Many countries have introduced Pigouvian taxes and an overview of expe-
rience is provided in EEA (2006). As it is sometimes difficult to introduce 
taxes for political reasons, negative externalities are sometimes used to justify 
subsidies for the preferred alternatives. The negative cost of CO2 is used to jus-
tify a positive premium on renewable energy, for instance. From an economics 
perspective this approach is less attractive, as it fails to bring about an optimal 
outcome. Subsidies have to be financed by other taxes, for instance on labour, 
which may lower economic activity and employment. Only taxes that directly 
internalise un-priced external costs can be regarded as non-distorting and as 
a way to avoid market failure and improve the functioning of the market.

It follows from this logic that a price tag should be attached to air pollu-
tion. The price or tax will not lead to full elimination of such pollution, but 
to a level of pollution that can be regarded as economically efficient. Some 
amount of pollution will need to be tolerated, because the costs of completely 
eliminating all negative effects most likely exceed the benefits of production 
and consumption. When the marketplace is informed about the costs of pol-
lution, it will adjust its use of resources to take better account of the losses 
inflicted on society, and the marketplace, at least in theory, will ensure that 
supply and demand are balanced to achieve an optimum.

The key question which the above brief summary of the theoretical insights 
of environmental economics leaves us with is therefore whether there are 
sound and scientifically based methods available to account for external 
costs. In the context of this book it is fortunate that some of the pioneer-
ing work on calculating external costs has been carried out with particular 
emphasis on air pollution.

21.2 The impact pathway approach 
Economics is based on the assumption that individuals are utility maximis-
ing and have clear preferences. In order to ascertain the price tag that could 
be attached to air pollution, economists need to unravel the preferences for 
avoiding air pollution and to have these preferences expressed in monetary 
terms. For this purpose environmental economists apply a variety of meth-
odologies. Sometimes observations in the market relating to the demand for 
other goods can offer insights on the willingness-to-pay to avoid air pollu-
tion, for instance where property prices are affected by changes in environ-
mental quality. Calculating the precise signal from changes in environmental 
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quality requires advanced econometric methods, and for this reason a sim-
pler approach is sometimes employed, whereby willingness-to-pay questions 
are posed in surveys of individuals. In order to determine external costs, 
individuals are asked how much they are willing to pay to obtain a change 
in environmental quality – the price arrived at can be used to represent the 
damage caused by pollution. By aggregating the results from such surveys 
insights can be gained on the monetary values of environmental goods and 
damages as appreciated by human beings.

Valuation challenges
These methods are not however uncontested and especially the second 
method – hypothetical valuation, in which individuals are required to express 
a price for the value of an environmental good – has been deplored for its 
inability to generate consistent results (Diamond and Haussmann, 1994). 
Hypothetical, or contingent, valuation remains a relatively young discipline, 
however, and methodological rigour in survey and aggregation techniques 
is important for reliability of results. One needs always to check the original 
survey design and to reflect whether monetary values have been attained 
with a methodology that can pass the test of validity and reliability.

With respect to air pollution, a relatively advanced methodology has been 
developed which aggregates information from valuation surveys together 
with atmospheric modelling and epidemiology to provide for damage esti-
mates for individual pollutants (Friedrich and Bickel, 2002). This method, 
which is named the ‘impact pathway’ method, traces the transport and trans-
formation of pollutants to allow damage estimates that are in principle site-
specific. This is because the economic impact of air pollution will depend 
critically on exposure; in cities more people will be affected whereas in rural 
areas fewer, and the numbers exposed will affect the economic damage that 
e.g. one ton of sulphur will cause when emitted at different sites.

Marginal change: concentration increments 
A main methodological challenge in accounting for external costs is that it is 
necessary to know the marginal contribution of a particular economic activ-
ity to the state of the environment. In the case of air pollution one needs to 
know the contribution of, say, a particular power plant’s emissions to the air 
pollutant concentrations in a particular area. Such changes in air pollution 
concentrations, and in subsequent exposures, can be calculated by applying 
state-of-the-art atmospheric models. This is the first step in the impact path-
way methodology. The modelling defines the concentration increments that 
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arise as a result of an addition to a source, and is performed by combining 
conventional local-scale air pollution models with comprehensive regional-
scale air pollution models. A baseline scenario provides the background 
concentrations and chemistry, and a scenario for the emitter shows the new 
concentrations. Then, by deducting the former from the latter the marginal 
concentrations are arrived at.

Figure 21.1 The impact pathway chain

Once the marginal changes in concentrations are known, the second step in 
the impact pathway is exposure. Geographical information systems (GIS) 
are used here to keep record of land-use and population densities so that, for 
instance, the number of people exposed to air pollution is matched directly 
with changes in air pollution exposure in specific parts of the geographical 
grid. In this way the analysis can capture potentially significant exposures in 
areas with high population densities. The method is highly site-specific in its 
accounting for external effects, as both the emissions and the exposures are 
calculated according to the specific site in question.

The third step in the impact pathway assessment involves exposure-
response functions for the effects of air pollutants. Exposure-response func-
tions describe how various entities will react to changes in exposures. Veg-
etation cover, for instance, reacts to changes in air pollutant concentrations, 
as do humans. The medical literature is especially rich on exposure-response 
functions for impacts on human health; impacts relate both to morbidity and 
mortality – as statistically some individuals, especially the elderly, die from 
exposure to air pollution. These exposure-response functions are, with cur-
rent knowledge, often treated as linear, but there are important thresholds to 
consider, below which it is possible that no effects occur.

The fourth and final step involves attaching unit values to the endpoints 
of the impact pathway analysis. With regard to air pollution, important end-
points comprise both mortality and morbidity effects for humans; the latter 
comprise work-loss days, cases of bronchitis, intake of asthma medication, 
hospital admittances, etc. The endpoints can be valued with preference-based 
values based on contingent valuation surveys or alternatively with cost-of-
illness figures that reflect actual costs. Because of the uncertainties related to 
hypothetical valuation, authorities in some countries prefer to use cost-of-
illness data. As cost-of-illness data only include the direct costs for hospitali-
sation, medicine and sick-days, etc. they are often scaled by a cost-of-illness 
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factor, usually of 2 or 3, to take account of the welfare loss associated with 
pain and grievance. For mortality it is customary to use preference-based 
figures. Because of the significance of mortality for overall external costs of 
air pollution a separate section is devoted to present and discuss this issue. 
Before proceeding to this, the following section provides examples of how 
external costs have been calculated for air pollution. 

21.3 Modelling of external costs from power plants 
In the following it is shown how external costs of air pollution have been 
modelled using the impact pathway methodology and taking advantage of 
atmospheric modelling for three different combined heat and power (CHP) 
producers situated in the greater Copenhagen area. Two of the CHPs are 
mainly coal-based, whereas the third is a large waste incinerator that pro-
duces heat and power. Of the coal utilities only one has complete scrubber 
facilities with desulphurisation and de-NOx. It is situated in the centre of 
Copenhagen, whereas the other is situated outside central Copenhagen and 
is without de-NOx.

Modelling principles
Based on local-scale and regional-scale atmospheric models (OLS and 
DEHM respectively), transport and transformation of the primary pollut-
ants, SO2, NO and PM2.5, have been modelled in two scenarios. Secondary 
pollutants that are formed in atmospheric-chemical processes, notably SO4

--, 
NO3

- as well as O3 are accounted for too. The modelling arrives at delta-
concentrations that represent the difference between the two scenarios and 
which are regarded as the marginal concentrations attributed to the plume 
from the power plant in question. 

Modelling is performed in a grid of cells in conformity with the EMEP 
methodology and the delta-concentrations are modelled separately for each 
cell in the atmospheric grid, each 16x16 km. With the help of this approach 
and in combination with detailed data for population density drawn from 
the CPR (Central Person Registry) it is possible to further model changes 
in human exposure. In the local-scale modelling a higher grid-resolution 
has been allowed and CPR data which is available at address level has been 
aggregated in 1x1 km grid cells (cf. Figure 21.2).

Exposure-response functions are drawn mainly from the European Com-
mission’s Clean Air for Europe project, where they were verified through a 
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consultation procedure with medical experts in committees of WHO, the 
World Health Organization. The most significant exposure-response func-
tions refer to mortality (acute and chronic death) as well as morbidity (in 
particular work-loss days). Table 21.1 provides an overview of the applied 
exposure-response functions for the various health-effects as well as the 
applicable population sub-groups.

In identifying unit values for health effects, reference for morbidity is 
primarily to costs-of-illness as reported by health authorities, whereas for 
mortality the chosen value is informed both by international and Danish 
studies (Table 21.2).

Health effect endpoint Exposure-response function  
per µg m-3 y-1

Valuation Euros (2004-prices)

MORBIDITY

Chronic bronchitis 8.2 x 10-5 (adults) 50360 per case

Restricted activity days Hospital 
admissions

8.4 x 10-4 ÷ hosp. adm. (adults) 116 per day 

- respiratory 3.46 x10-6 7409 per case

- cerebrovascular 8.42 x 10-6 9387 per case

- congestive heart failure 3.09 x 10-5 (>65years) 15450 per case

- lung cancer 1.26 x 10-5 (adults) 20150 per case

Asthma children (7,6%<15years)

- bronchodilator use 1.29 x 10-1 20 per case

- cough 4.46 x 10-1 54 per case

- lower resp. symptoms 1.72 x 10-1 14 per case

Asthma adults (5,9%>15years)

- bronchodilator use 2.72 x 10-1 20 per case

- cough 2.8 x 10-1 54 per case

- lower resp. symptoms 1.01 x 10-1 14 per case

MORTALITY

Acute mortality_SO2 7.85 x 10-6 1941000 per case

Chronic mortality_PM 1.138 x 10-3 (>30 years) 71000 per yoll

Infant mortality_PM 4.68 x 10-5 (<9 months) 2911700 per case

Acute mortality_O3 3.27 x 10-6 *SOMO35 1941000 per case

Table 21.1. Exposure-response functions and unit values applied for assessment of the damage costs 
of air pollution cf. Andersen et. al. (2008). Exposure-response functions are without scaling and adapted 
to the age distribution and mortality rate of the Danish population. For mortality effects the monetary 
values follow Alberini et. al. (2006) adjusted with purchasing-power parities (yoll is years of life lost). 
*SOMO35 denotes the number of days where the diurnal max. 8-hour mean concentration of 35 ppb O

3
 

is exceeded.
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Figure 21.2 Changes in annual delta-concentrations of O
3
 in year 2000 from emissions of 

Amagerværket according to the regional-scale model of EVA (Lise Frohn, cf Andersen et. al., 2008).

EVA 
(m_2000)

EVA 
(m_2001)

EVA 
(m_2002)

EVA
Average

PM2.5-primary 9.95 13.42 11.45 11.61

SO4
--/SO2

SO2/SO2

SO2-sum

8.84
1.11
9.95

8.84
1.46

10.30

8.86
 1.12
9.97

10.07

NO3
-/NOx

O3/NOx

NOx-sum

5.91
-0.04
5.92

7.45
0.03
7.48

7.10
0.05
7.15

6.85

Table 21.3 External costs of air pollution emissions in euro per kilogramme pollutant (2004-prices) for 
three consecutive meteorological years (power plant located in rural area near Copenhagen).

Meteorological variability 
The external costs modelled (see Table 21.3) are an average of three meteoro-
logical years from 2000-2002, whereas the background meteorology is the 
1998 EMEP dataset. NO3

- and H2SO4

-- are secondary particulates which tend 
to be transported over longer distances, while PM2.5 and SO2 are emissions 
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that produce damage predominantly in the local area (within the 50x50 km 
area). Results are specified for primary and secondary components of sul-
phur and also include the net effect of ozone. Ground level ozone is created 
mainly in more southern areas of Europe, and transported regionally to affect 
Denmark. Here, a positive externality is apparent, as ozone is removed in the 
immediate vicinity of the smoke gas plume due to reactions with NOx. How-
ever, in the summer period photochemical reactions will take place which 
lead to formation of ozone along the smoke plume transport path. Ozone 
also reacts with NO to form NO2. Although it is widely acknowledged that 
NO2 has negative health effects, a separate exposure-response function that 
disentangles the specific NO2 impacts on mortality and morbidity cannot 
be specified. Once NO2 is properly accounted for, the net contribution to 
the damage estimates of ozone formation and depletion may be subject to 
adjustment. 

Three power plants
Table 21.4 provides the results in summary format for three Copenhagen 
power plants. It should be noted that the damage costs are site specific, in 
that for the predominantly local-scale pollutants, PM2.5 and SO2, the results 
in urban locations differ markedly from those in rural locations, whereas for 
the regional-scale pollutant of NOx, with transport over a much greater area, 
differences are averaged out. Fluctuations are limited and would allow regu-
lators to ascribe NOx reductions a standard value of about €7 kg-1, whereas 
for PM2.5 and SO2 separate values would apply for urban and rural emis-
sions, respectively.

Copenhagen is located on an island and a considerable portion of the 
pollutants emitted affects annual concentrations over the marine territory 
only. Although the model captures these changes it should be emphasised 
that no population is assumed to be exposed offshore. Similar emissions in 
a location in continental Europe, with greater population exposures and no 
marine areas over which to dilute the emission, would be appreciated differ-
ently in terms of damage costs.

€ kg-1 Rural CHP Urban CHP (coal) Urban CHP (waste)

PM2.5-primary 11.61 17.84 19.40

SO2-sum 10.07 15.48 15.60

NOx-sum 6.85 6.16 6.16

Table 21.4 Site-specific external costs of air pollution emissions in euro per kilogramme pollutant 
(2004-prices) for three CHPs located in the Greater Copenhagen area (cf. Andersen et. al., 2008). 
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21.4 Uncertainty: valuation of statistical lives 
While there are many implications of air pollution, the most significant in 
monetary terms appears to be related to mortality. The exposure-response 
function indicated in Table 21.1 above for the relationship between three 
air pollutants and mortality relies in the main on insights gained in cohort 
studies carried out in the United States between 1979 and 2002 (Pope, 2002). 
A cohort of more than 500,000 individuals was established by the Ameri-
can Cancer Society and on the basis of death certificates collected from the 
deceased, independent researchers have established statistically significant 
relationships for what is termed chronic death, indicating increased mortal-
ity in particular for cardiovascular death and lung cancer, of which some is 
believed to be attributable to mechanisms relating to air pollution. 

Compared with earlier and smaller studies the Pope exposure-response 
function appears to be in the lower end of the continuum. In a follow-up 
study it has also proven to be fairly robust. On this basis all-cause mortality 
is assumed to increase by 6 % in response to an increase in air pollution with 
PM2.5 of 10 μg m-3. In the terminology chronic death is distinguished from the 
acute deaths observed in simple pollution events such as London’s killer fog. 
Chronic death is mortality attributed to longer-term exposure, equivalent to 
smoking-related mortality (where no single cigarette-smoking event is respon-
sible). All deaths are of course to some extent acute, but acute death is taken to 
refer to mortality related to an acute episode of both cause and effect.

An ethically sensitive issue
Evidently, valuation of the loss of human lives is an ethically sensitive issue. 
No single human life can or should be accorded a monetary value as such. It 
is the value of preventing a statistical fatality which is in question. In order to 
express the benefits of measures that will reduce mortality as externalities in 
economic analysis it becomes necessary to be able to assign a monetary value 
to the prevention of statistical fatalities.

Figures for the ‘Value of a Statistical Life (VSL)’ have been developed and 
applied for many years in transport economics. Various methods have been 
applied to try and figure out the appropriate value of a statistical life. The 
‘human capital’ approach assumes that the value of a statistical life should be 
based merely on what the individual represents in terms of capital to society, 
e.g. the productive contribution. Under this perspective there is some ambi-
guity as to how to treat retired people, who no longer represent a productive 
value, and thereby may sometimes not be attributed any value at all. With its 
productivism perspective, the human capital approach also does not accord 
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any monetary value to life itself, nor to the grief and pain of losing it, either 
for relatives or for the deceased themselves. 

A welfare economic approach
In contrast to the reductionist human capital approach OECD’s cost-benefit 
guidelines (2006) recommend using a welfare economic approach under 
which the welfare loss is attributed a monetary value alongside the produc-
tive value; this approach conceptually represents a more comprehensive esti-
mate for the value of preventing a statistical fatality.

Some decades ago there was a tendency to identify welfare economic 
VSL on the basis of wage-risk studies, i.e. VSLs based on careful studies of 
the wage premiums that workers would be able to negotiate in jobs more 
prone to mortality risks (Viscusi and Aldy, 2003). This approach in general 
led to fairly high and, to some extent, unrealistic estimates. In recent years 
the tendency has turned more towards surveying people directly about their 
willingness-to-pay for risk reductions, in some cases complemented by what 
people actually have been willing to pay, e.g. for airbags in cars. Although 
these methods have led to somewhat lower estimates than wage-risk studies, 
many administrators and policymakers have remained sceptical. In a com-
prehensive study for Denmark’s Road Directorate a VSL of more than €2 
million was found, but the result was not accepted by the Danish Ministry 
of Transport who had sponsored the study and who continued to apply a 
value in the region of €1 million. This experience paralleled that of Jones-Lee 
(1985); in his famous study for the UK Ministry of Transport he found a value 
of £1 million, but the authorities required him to present a ‘lowest plausible 
value’. The value of £0.5 million suggested was applied by the UK authorities 
for many years, and eventually transferred to the European Union, adjusted 
for inflation, where it continues to be applied! 

Difficulties in obtaining reliable and valid expressions of preferences in con-
tingent valuation studies based on willingness-to-pay questions have already 
been indicated above. In the case of questions of risk avoidance, difficulties 
rest not only upon obtaining reliable estimates for payments but also whether 
individuals have an appropriate understanding of small risk changes. Some 
individuals are very risk-adverse and may indicate unrealistically high esti-
mates of the payments they are willing to make, while neglecting the con-
straints posed by their personal budgets and consideration of the many other 
risks which they face and for which a premium also would have to be paid. 
Survey methods are continually improving, however, and uncertainties are 
appearing to diminish.
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Lost life-years 
In the case of air pollution the belief is that it is mainly the elderly who are 
prone to be vulnerable to air pollution, and hence the number of life years 
lost is somewhat lower than in the transport sector. Many elderly people 
do die in traffic incidents, but the average transport victim is nevertheless 
believed more likely to be more middle-aged (45-50) than air pollution vic-
tims. For this reason and to avoid assigning unrealistically high VSL values 
to air pollution reductions it has become customary to use an alternative 
method – the ‘Value-of-Life-Year’ (VOLY) – whereby a value is assigned 
to each life-year that statistically can be saved. This method seems to have 
gained ground in the EU Environment Directorate, whereas the US EPA 
continues to apply the VSL approach for all fatalities. Whereas many studies 
provide support for VSL estimates in the range of €1-2 million, there are 
only a handful of original studies that report VOLY estimates. Earlier in this 
chapter are used the median-value reported by Alberini et al. (2006), which 
resulted from the EU-funded NewExt study. One of the difficulties with the 
VOLY approach is that it becomes a requirement to develop an estimate for 
the actual number of life-years lost as a result of the risk in question, an esti-
mate which is often not at hand and needs to be modelled separately based 
on population life-tables and risk factors (the interested reader is referred to 
Friedrich and Bickel, 2002).

21.5 Use of externality estimates in cost-benefit 
analysis

The above derived externality estimates can be applied in project-based cost-
benefit analyses as well as in more comprehensive macroeconomic model-
ling of the economy-energy-environment interfaces. The European Union 
requires for example that projects supported by EU structural funds undergo 
a project-based cost-benefit analysis. Although externalities of course rep-
resent a cost to society, in cost-benefit analysis they constitute the benefits. 
This is because the pollution costs foregone as a result of pollution control 
represent the monetary benefits of the policy. 

Site-specific externalities
It follows from the atmospheric modelling integrated in the impact-pathway 
approach that the externalities are to a great extent location specific and hence 
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that they are most suitably modelled with reference to individual projects. 
There are also ambiguities related to the use of cost-of-illness figures, which 
will differ between countries with different health-care systems. Finally the 
valuation of mortality is based on willingness-to-pay for risk reductions, 
which will differ between countries with different income levels. For this 
reason the above figures for Copenhagen cannot easily be transferred to 
other countries; on one hand the offshore area off Copenhagen offers a dilu-
tion opportunity which does not exist everywhere, on the other hand the 
level of income is high compared with the EU average.

In the Danish context the figures have been used to assess implications for 
the marginal social costs of electricity production. Denmark’s power sector 
provides more than 70 per cent of electricity based on coal, but Denmark 
also has a thriving wind energy industry. At present coal has a competitive 
advantage, but this has narrowed after the introduction of the EU’s emissions 
trading scheme which requires that carbon costs are factored in. Even with 
a conservative assessment of air pollution costs, wind energy gains signifi-
cantly in appraisal.

Modelling in RAINS and E3ME
While use of externality estimates for assessment of electricity generation 
options represents a project-based appraisal, such figures have also been 
integrated in much more comprehensive macroeconomic modelling merely 
as one set among many other economic figures to take into account when 
considering the implications of different policy scenarios. In the context of 
climate policy the reduction of conventional air pollutants such as SO2 and 
NOx are usually termed ‘ancillary benefits’ as they constitute an additional 
advantage of the carbon reduction achieved when fossil fuels are phased 
out by means of energy savings or shifts towards renewable energy. For this 
reason several models of the European economy try to factor in this gain by 
using the externality estimates. One such model is the E3ME model from 
Cambridge, which has been the preferred macroeconomic tool for the UK 
government for appraisal of climate and energy policy over a number of 
years. 

At a multilateral level, within the UN’s Economic Commission for Europe 
(UNECE), where negotiations take place on international agreements to 
reduce in particular trans-boundary air pollution, a different and very com-
prehensive modelling framework has been established to produce cost-ben-
efit analysis of proposed measures. The name of this modelling framework, 
which guides all the international negotiations, is the RAINS-GAINS model 
developed by IIASA in Vienna. 
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The original RAINS model is an atmospheric model which can account 
for transport and deposition of emissions on a pan-European scale. The 
RAINS model can show the implications of reducing emissions by x % in one 
country, say Germany, for all the remaining countries. The RAINS model is 
important for obtaining a sense of fairness in international negotiations but 
also for tuning reduction targets in to what makes sense from an ecology and 
health point of view. Some ecosystems are more sensitive to acidification than 
others and, in a similar line of thought, large population centres will derive 
more benefit from air pollution control than more peripheral regions.

The RAINS-GAINS model in its present version makes an ambitious 
attempt to integrate atmospheric modelling with an extended cost-benefit 
model that captures the externalities as well as the costs related to measures 
in different sectors and countries.

On the benefit side the basic methodology is outlined above; via the 
impact-pathway methodology the physical implications of changes in emis-
sions and exposure can be modelled. Besides health impacts, the RAINS-
GAINS model includes impacts on vegetation. It does so, however, with 
averaged figures for health benefits, disregarding possible differences in cost-
of-illness and mortality valuation across Europe. Decision-makers, especially 
in the European Union, seem to be uneasy with assigning different values to 
reductions in mortality risks in different member states, hence seeking to 
avoid the implication that human lives are worth more in rich countries than 
in poor.

On the cost side the RAINS-GAINS model includes a comprehensive 
database of technological measures available for reduction of various pol-
lutants and their implementation. Considerable effort has been put into 
assuring that the cost module accurately reflects national price levels and so 
the economic accuracy here is greater than on the benefit side. One caveat 
is that the model only includes specified technological measures; it fails to 
take account of more structural changes in economies, such as new transport 
modes or fuel changes in the power and heating sectors. As such it includes 
mainly conventional end-of-pipe measures. 

Great strides have been made in recent years in improving the basis for 
decision-making and cost-effectiveness in the field of air pollution control. 
Above three examples of available methods are mentioned; project-level, 
macroeconomic and integrated assessment. No doubt these models and 
methods will undergo further development and improvement in the years 
to come.
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21.6 Policy instruments 
Once decision-makers have agreed on the reduction targets to aim for in 
air pollution control the question arises on which policy instruments that 
should be put in place to facilitate implementation. This is by no means a 
simple technical issue; choice and design of policy instruments can be fairly 
decisive for whether or not policies will succeed at all. A law is only a piece 
of paper, how far it will be implemented depends on the institutional frame-
work for its administration, the resources available and whether the regu-
lated have incentives to cooperate. These circumstances are unfortunately 
not always given due attention. Sometimes odd compromises are reached, 
where ambitious targets are outlined, but policy instruments are lacking in 
capacity – symbolic decision-making can for some policymakers be a con-
venient way to balance opposing interests.

Command-and-control schemes
Economists are usually critical of the command-and-control schemes that 
engineers tend to recommend for pollution control. Command-and-control 
approaches, where polluters are required to adopt pre-specified best-availa-
ble technologies do work in some countries with a strong legal and regula-
tory culture, such as Germany, whereas in other countries where business 
interests are more prone to challenge state regulations, such as the USA, they 
are more or less doomed to some degree of failure. There is an extensive lit-
erature on the failure of the 1971 US Clean Air Act, which on paper had the 
strictest requirements globally, but failed to produce the right incentives to 
car manufacturers and industry. While US car manufacturers, in the culture 
of US litigation, fought the requirements for catalytic converters in court, 
Swedish and Japanese producers brought the technology to the market (Lun-
dqvist, 1980; Tsuru and Weidner, 1989). 

Economists have provided some support to the case of business interests 
by showing that command-and-control measures often lack the flexibility 
which will lead to adoption of the most efficient responses to control require-
ments. If all emitters are required to reduce emissions by the same percent-
age it may look fair, but as they will often in reality have very different costs 
of abatement it will neither be fair nor economically efficient for society as a 
whole. From an economic perspective the preferred solution is that pollution 
is reduced at those sources where the lowest abatement costs can be identi-
fied. If targeting the cheapest reduction opportunities introduces a fairness 
issue it is better subsequently to transfer money from actors with high abate-
ment costs to actors with low abatement costs to level out the burden.
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The Pigouvian pollution tax
From an economic perspective there are policy instruments which are eco-
nomic in nature, in that they provide the right incentives. A Pigouvian tax 
will provide a continuous incentive to polluters to consider whether some 
amount of control and abatement is more efficient than paying the tax – and 
it is likely to promote abatement among all liable to the tax up to the level of 
the tax rate. Coase (1960) lambasted the Pigouvian pollution tax scheme for 
the complexity potential in its management and claimed that transactions 
costs of administration would by far outweigh possible gains. It was only 
by coincidence that the world learned the potential of using a market-based 
instrument to address pollution and came to appreciate its significance; Japan 
pioneered such an approach, but due to geographic and cultural distances, it 
took some time before experiences became known outside the narrow circles 
of environmental economists.

Japan’s SO
2
-tax 

Japan introduced a levy on SO2 from point sources from 1974 – and emis-
sions quickly began to drop. A few years later Japan with SO2emissions at less 
than 10 kg cap-1 was the world champion in emissions control! Compared 
with USA, where industry took air pollution control regulations through 
the courts and delayed implementation, Japan had taken an effective lead 
in emissions abatement. When European Union directives were issued in 
1988, after lengthy negotiations and a Treaty mandate, it was the Japanese 
companies who were in control of the desired technologies. The first scrub-
bers arrived in Germany from Japanese suppliers via the Trans-Siberian 
railway and Japanese licences prevail in the manufacture of this equipment 
across the globe (Sprenger, 1998). The emissions trading system with trad-
able quotas for SO2 introduced in the USA in the 1990’s was effective too, but 
largely on the background of relatively high emission levels compared with 
Japan and Europe.

Introduction of Japan’s SO2 levy was largely uninformed by economic 
theory and was in fact an outcome of the famous ‘pollution trials’ in which 
the compensation claims of victims of Japan’s rapid post-war industrialisation 
were upheld. The Japanese courts decided that the financial claims should 
be addressed by imposing a ‘penalty fee’ on air pollution emissions, but the 
scheme’s motive of compensation was largely unimportant in relation to its 
subsequent environmental and economic effectiveness in curbing emissions. 
As noted by Matsuno and Ueta (2000) the economic stimuli of the levy trig-
gered action in the form of a race to avoid payments (to the compensation 
fund for victims). At the same time, a number of large emitters took emission 
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control even further than action based on pure optimality criteria would sug-
gest, reflecting a desire to act in a socially responsible manner under the new 
paradigm. Pigou’s externality principle requires that emissions are priced 
according to their social costs. To the extent that compensation reflects social 
costs, the Japanese scheme closely echoed this principle.

The present situation
In current times, air pollution taxes or levies are in place in a range of coun-
tries, but differ widely in coverage and rates (see EEA, 2006, for a detailed 
inventory). In Japan, SO2 emissions declined to a level so low that a different 
scheme had to be introduced to guarantee the financial basis for pensions to 
pollution victims. One country that in recent years has introduced an SO2 tax 
is Denmark and here emissions, which already were at a low level, declined 
by about 80 per cent, making Denmark the reigning champion with regard 
to SO2 emissions per unit of GDP. The success of the relatively modest tax 
rate for SO2 emission of about €1.3 kg-1 shows that control technologies are 
available at an even lower rate. In virtually all countries where taxes or levies 
on air pollutants are applied, they form just part of a comprehensive regula-
tion package involving specific limit values as well as thresholds for peak 
values on a daily or a per hour basis. Economic instruments are to an extent 
regarded as blunt in that they cannot always guarantee that specific quality 
criteria are met. In the interest of safeguarding quality criteria, environmen-
tal inspectors are often not willing to sacrifice detailed control for more flex-
ible economic instruments; however what they often tend to neglect is that 
the tax inspector administers from a code that is far more rigorous than that 
surrounding many environmental guidelines.
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