
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright

http://www.elsevier.com/copyright


Author's personal copy

Ecological Indicators 11 (2011) 902–910

Contents lists available at ScienceDirect

Ecological Indicators

journa l homepage: www.e lsev ier .com/ locate /eco l ind

Economic valuation of air pollution mortality: A 9-country contingent valuation
survey of value of a life year (VOLY)

B. Desaiguesa, D. Amia, A. Bartczakb, M. Braun-Kohlovác, S. Chiltond, M. Czajkowskib, V. Farrerase,
A. Hunt f, M. Hutchisona, C. Jeanrenaudg, P. Kaderjakh, V. Mácac, O. Markiewiczb, A. Markowskab,
H. Metcalfd, S. Navrudi, J.S. Nielsenj,k, R. Ortiz f, S. Pellegrinig, A. Rabl l,∗, R. Rierae, M. Scasnyc,
M.-E. Stoeckelm, R. Szántóh, J. Urbanc

a Université Paris 1, France
b University of Warsaw, Poland
c Charles University Prague, Czech Republic
d University of Newcastle, UK
e Universidad Autonoma Barcelona, Spain
f University of Bath, UK
g Université de Neuchatel, CH, Switzerland
h Corvinus University, Hungary
i Department of Economics and Resource Management, Norwegian University of Life Sciences, Norway
j National Environmental Research Institute, Denmark
k University of Southern Denmark, Denmark
l ARMINES/Ecole des Mines de Paris, France
m EIFER/Electricité de France, France

a r t i c l e i n f o

Article history:
Received 15 October 2010
Received in revised form 1 December 2010
Accepted 5 December 2010

Keywords:
Air pollution
Mortality valuation
Life expectancy
Life years lost
Contingent valuation
Environmental policy

a b s t r a c t

This paper provides a key element for the calculation of the damage costs of air pollution, namely the
valuation of mortality, important because premature mortality makes by far the largest contribution.
Whereas several studies have tried to quantify the cost of air pollution mortality by multiplying a number
of deaths by the ‘value of prevented fatality’ (also known as ‘value of statistical life’), we explain why
such an approach is not correct and why one needs to evaluate the change in life expectancy due to
air pollution. Therefore, an estimate for the monetary value of a life year (VOLY) is needed. The most
appropriate method for determining VOLY is contingent valuation (CV). To determine VOLY for the EU, we
have conducted a CV survey in 9 European countries: France, Spain, UK, Denmark, Germany, Switzerland,
Czech Republic, Hungary, and Poland with a total sample size of 1463 persons. Based on the results from
this 9-country CV survey we recommend a VOLY estimate of 40,000 D for cost–benefit analysis of air
pollution policies for the European Union. As for confidence intervals, we argue that VOLY is at least
25,000 D and at the most 100,000 D .

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The damage cost, also called external cost, of a pollutant is an
important ecological indicator, increasingly used by governments
for the cost–benefit analysis of environmental regulations or for
the determination of pollution taxes. For example, in the EU the
CAFE (Clean Air for Europe) program of the Directorate General

Abbreviations: CV, contingent valuation; LE, life expectancy; NMC, New Member
Countries (of EU); PPP, purchase power parity; VOLY, value of a life year; VPF, value
of a prevented fatality; WTP, willingness-to-pay.

∗ Corresponding author. Tel.: +33 1 6928 0694.
E-mail address: ari.rabl@gmail.com (A. Rabl).

for Environment carried out a major cost–benefit analysis of pro-
posed new regulations (Holland et al., 2005). It was largely based
on the ExternE (External Costs of Energy) project series of the EU
(ExternE, 1998; ExternE, 2005; www.externe.info). In the USA EPA
uses cost–benefit analysis to recommend regulations for pollution
control (see e.g. Abt, 2004), and a large study of external costs of air
pollution was recently published by the National Research Council
of the National Academies (NRC, 2009).

The calculation of the damage costs of pollution is a com-
plex multidisciplinary undertaking. It requires detailed modeling
of environmental pathways to determine how a given source of a
pollutant increases the exposure of all affected receptors (people,
agricultural crops, materials and ecosystems), followed by the use
of exposure-response functions for each of the numerous possi-

1470-160X/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
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Fig. 1. Gain of life expectancy (LE) when air pollution is reduced. The graph was adapted for different age groups; this example is for someone who was age 50 now.

ble impacts. The impacts are multiplied by the corresponding costs
and all is summed over receptors and impacts, to obtain, for exam-
ple, the damage cost due to a ton of SO2 emitted by a given power
plant. Many studies have quantified the damage costs of air pollu-
tion and found that premature mortality makes by far the largest
contribution (ORNL/RFF, 1994; Rowe et al., 1995; ExternE, 1998;
ExternE, 2005; Levy et al., 1999; Abt, 2004; NRC, 2009, and others).
The present paper provides a key element for this work, namely the
monetary valuation of air pollution mortality.

Whereas all studies before 1996 calculated a number of pre-
mature deaths due to air pollution and multiplied it by the value
of prevented fatality (VPF),1 there has been a growing recognition
in recent years that it is also meaningful to look at change of life
expectancy (LE) and use VOLY (value of a life year) to calculate the
cost; see for instance Wilson and Crouch (2001) for the relevance
of LE change, and Hammitt (2007) and Brunekreef et al. (2007)
for the choice between VPF or VOLY for the valuation. Nonethe-
less some agencies, e.g. the US Environmental Protection Agency
continue to use number of deaths as the impact indicator and basis
for monetary valuation; whereas DG Environment of the European
Commission uses both the VPF and VOLY approaches; see e.g. the
Clean Air For Europe program (Holland et al., 2005).

There are several reasons why number of deaths is not appro-
priate for the total mortality impact of air pollution, the first two
being obvious, the third and fourth having been explained by Rabl
(2003) (see also Miller and Hurley, 2003):

(i) Air pollution cannot be identified as a primary cause of an
individual death and is only a contributing cause; one can-
not simply add the number of deaths due to causes (such as
smoking, unhealthy food or lack of exercise) that contribute
to several different deaths because one would end up with
numbers far in excess of total mortality.

(ii) The number of deaths approach fails to take into account that
the magnitude of the loss of LE per death is very much shorter
for premature deaths due to air pollution (population average

1 The traditional term “value of statistical life” (VSL) is unfortunate, because it
tends to evoke hostile reactions by non-economists, However, people tend to accept
the concept if it is presented as the “willingness-to-pay for avoiding an anonymous
premature death”, i.e. the value of preventing a fatality (VPF).

less than a year in Europe and North America (Rabl, 2003)) than
for fatal accidents (LE loss typically 30–40 years), on which VPF
estimates are based.

(iii) By contrast to primary causes of death, such as fatal accidents,
the total number of premature deaths attributable to air pol-
lution is not observable. This is partly due to the fact that the
studies that measure the total impact (e.g. Pope et al., 2002)
cannot distinguish between whether the result is due to some
individuals suffering a large LE loss per death or everybody
loosing a little. In the latter case every premature death would
be an “air pollution death”, regardless of the pollution level.

(iv) The method that has been used for calculating the number of
deaths (for epidemiological studies of the cohort type) is wrong
because it does not take into account the corresponding change
in the age structure of the population.

The LE change approach avoids these problems,2 because the
population-averaged LE change can be determined unambiguously.
It is a meaningful and appropriate impact indicator for all risk fac-
tors, even those that are not observable as the cause of an individual
death. Moreover, for small risk changes it can be added across dif-
ferent risk factors.

Therefore one needs data for VOLY. However, as opposed to
the numerous VPF studies, VOLY has attracted very little attention
until recently, and reliable information is still lacking. One possible
approach, used in ExternE (1998), is to determine VOLY from VPF
by assuming that the latter is the present value of the sum of the
VOLYs for the remaining life years, with due consideration of dis-
count rate and survival probabilities. However, such an approach is
problematic for several reasons, including the very different nature
of the deaths. VPF is based on accidental deaths, whereas VOLY is
for a shift in the timing of death without a significant change in
the nature of the death (the case of air pollution). An analysis of

2 The above points concern adult mortality. For infant mortality, the issues are
quite different, with respect to both epidemiology and monetary valuation. The
number of infant deaths due to air pollution can be determined, and the LE loss can
be very large since many individuals who were extremely frail and close to death
during infancy go on to live a full life span. However, even if one assumes a loss of
80 life-years per infant death, this makes up a very small contribution to the total
LE loss due to air pollution. Thus, we do not address this issue in this paper.
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Table 1
Statistics of survey sample and of general population.

Survey sample statistics National statistics (2002)

Country Respondents % Female Net income (kD /year, PPP) Population (millions) Income per capita (kD /year) % Female

Switzerland 179 51 30.8 7 34.6 50
Czech Rep. 229 47 10.5 10 5.2 51
Germany 300 51 18.8 82 25.5 51
Denmark 136 50 19.4 5 28.9 51
Spain 100 52 17.6 41 13.9 51
France 101 57 18.0 60 21.3 51
Hungary 118 62 8.8 10 5.1 52
Poland 150 53 9.4 39 4.4 51
UK 150 51 24.3 59 24.4 51

life extending consumer purchases, such as dietary supplements,
does not look promising because of the lack of information on the
associated LE gains.

Thus the most appropriate method for determining VOLY is
Stated Preference approaches like Contingent Valuation (CV). This
paper reports the first multi-country application of CV to esti-
mate VOLY directly. Our CV questionnaire was designed specifically
for air pollution mortality and tested thoroughly in focus groups
and pre-tests. To estimate VOLY, respondents were asked their
willingness-to-pay (WTP) for LE gains of 3 and 6 months achieved
by corresponding air pollution reductions under realistic policy sce-
narios. The survey was administered in face-to-face interviews to a
representative sample of the population in one major city in each of
the 9 countries of the EU: Newcastle upon Tyne (UK), Paris (France),
Warsaw (Poland), Prague (Czech Republic), Budapest (Hungary),
Karlsruhe (Germany), Neuchâtel (Switzerland), Barcelona (Spain)
and Copenhagen (Denmark). The total number of respondents was
1463 aged between 20 and 75.

2. State-of-the-art of CV for VOLY

The first survey that asked explicitly about the valuation of
an LE gain is the one of Johannesson and Johansson (1996, 1997)
(administered by telephone to 2824 individuals), whose valuation
question was: “The chance for a man/woman of your age to become
at least 75 years old is x percent. On average, a 75-year old lives for
another 10 years. Assume that if you survive to the age of 75 years you
are given the possibility to undergo a medical treatment. The treat-
ment is expected to increase your expected remaining length of life to
11 years. Would you choose to buy this treatment if it costs y and has
to be paid for this year?” The resulting VOLY values are very low,
in the range of $700 to $1300. However, as noted by the authors,
there are many factors that could explain such low values; espe-
cially the expected quality of life at an old age which was asked
explicitly. Another reason for the observed low VOLY could be the
mode of payment, which was a one-time payment rather than a
flow of annual (or monthly) payments. Half of the sample had zero
WTP. Even looking at only those that were willing to pay some-

Table 2
Responses to the question: “Are you aware that your consumption and lifestyle
contribute to air pollution?”.

Countries No Yes I know but do not think about it Missing

Switzerland 2% 87% 12% 0%
Czech Republic 9% 70% 20% 1%
Germany 6% 80% 14% 0%
Denmark 10% 90% 0% 0%
Spain 41% 52% 7% 0%
France 4% 78% 18% 0%
Hungary 8% 90% 0% 3%
Poland 13% 84% 3% 0%
UK 13% 97% 0% 0%
Pooled data 9% 81% 10% 0%

thing results in a VOLY of $2700, which still seems to be a very low
value.

In Morris and Hammitt (2001), the CV question asked for WTP
for a hypothetical pneumonia vaccine. Half of the sample (n = 332)
received a version in which the benefit was expressed as LE gain
and for the other half (n = 349) the benefit was expressed as a reduc-
tion of the risk of dying. Each sample was then split in two. The first
group was asked about their WTP for a vaccine received at the age
of 60 (LE = 11 months), while the second group was asked for their
WTP for a vaccine received at the age of 70 (LE = 5 months). Inter-
views were made by phone after respondents received a mailed
packet of information material. The mean age of the sample was
40 years. 30% of the sample would not take the vaccine, mainly
because the benefits are too small or uncertain. The results show
that if benefits are expressed in terms of LE gain, the median WTP is
52% higher than for the risk reduction for a vaccine at 60 (but equal
for a vaccine at 70). The authors conclude that LE is more readily
understandable and enhances the validity of economic valuation.

Soguel and van Griethuysen (2000) determined a VOLY related
to air pollution, albeit somewhat indirectly. A representative sam-
ple of the city of Lausanne (n = 199) were asked in-person to value
a bundle of health damages caused, each year, by an incinerator:
6000 days of life lost, 1200 cases of restricted activity days and 500
new cases of chronic bronchitis and asthma. Expressed as aver-
age loss per person, this is 1 h of life per year, a 1% chance to have
a restricted activity day, and 0.5% chance to suffer from chronic
bronchitis. The ranking enabled the authors to apportion the WTPs
among the different health outcomes and to extract an implicit
VOLY. They obtained a VOLY of 53,000 Swiss Francs (34,000 D )
based on a Box-Cox regression.

In the late 90s Krupnick and his colleagues at Resources for the
Future developed a self administered and computerized CV ques-
tionnaire to value specifically the benefits of air pollution reduction.
It was first applied in Canada (Krupnick et al., 2002), and then in
USA (Alberini et al., 2004a). The respondents were asked to value
1 in 1000 and 5 in 1000 reductions in their risk of dying during the
next 10 years, as well as at the age of 70. These risk reductions for

Table 3
Distribution (in %) of answers to the question: “Are you willing to accept a higher
cost of living, therefore an increase in your daily expenses, to gain an increase in
your life expectancy?” (see text for definition of the reply options 1–8).

Countries 1 2 protest 3 4 5 protest 6 7 8 Missing

Switzerland 70 8 5 3 7 5 2 0 0
Czech Rep. 80 7 4 1 0 5 0 0 2
Germany 74 11 6 3 3 3 0 0 0
Denmark 96 0 3 1 0 1 0 0 0
Spain 50 7 10 11 15 7 0 0 0
France 77 6 8 4 4 1 0 0 0
Hungary 71 6 14 3 5 2 0 0 0
Poland 63 11 13 5 3 1 3 1 0
UK 93 0 0 1 1 2 0 0 3
Pooled data 76 7 7 3 4 3 1 0 1
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Table 4
Analysis of protest responses (for 3 month LE gain).

Countries Sample (N) WTP = 0 (% of total) Protest (% of WTP = 0) WTP = 0 (% of total, protest removed)

Switzerland 179 31 49 18
Czech Republic 229 19 34 14
Germany 300 29 48 17
Denmark 136 4 0 4
Spain 100 53 42 40
France 101 35 29 27
Hungary 118 31 35 23
Poland 150 38 39 27
UK 150 7 18 6
Pooled data 1463 26 39 18

a 10 year period correspond to annual risk reductions of 1 in 10,
1000 and 5 in 10,000, respectively. The payment vehicle is a med-
ical product to be taken for 10 years. The sample is composed of
persons from 40 to 75 years old. For Canada the authors derive a
VPF of $0.96 million for a 5 in 10,000 annual risk reduction, and of
$3.04 million for a 1 in 10,000 annual risk reduction.

Even though Krupnick et al. did not try to determine VOLY, their
CV survey was used for that purpose by Alberini et al. (2004b)
within the NewExt phase of the ExternE project series of the EU
DG Research (see www.externe.info). The CV survey was applied to
estimate VPF in the UK, Italy and France, and then VOLY was derived
from this VPF figure. A VOLY of 50,000 D was recommended for
the EU15. The French survey (Desaigues et al., 2007a), as opposed
to those in Italy and the UK, involved several additional features
including an open question asked after each set of bids, and at the
end of the questionnaire the WTP values were recalled to give the
respondents the opportunity to correct their values. Five versions
were tested in subsamples of about 50 respondents each, includ-
ing versions phrased explicitly in terms of LE gain. Each in-person
interview was followed by debriefing questions, and for some ver-
sions also an open debriefing interview was conducted in order to
learn how the respondents interpreted the questions. The experi-
ence from the NewExt project led to the decision to develop a new
VOLY CV survey for the NEEDS phase of ExternE.

Chilton et al. (2004) conducted a CV survey in the UK between
November 2002 and January 2003. Like the Swiss study by Soguel
and van Griethuysen (2000) respondents were asked to value a bun-
dle of damages related to a reduction in air pollution. 665 persons
were asked to value a LE gain of one, three, or six months in normal
health (and the same in poor health), as well as avoiding hospital
admission, and avoiding breathing discomfort. The VOLY in nor-
mal health is 27,639 £ (42,000 D ) for the one month sample, 9430
£ (15,000 D ) for the three months sample, and 6040 £ (10,000 D )
for the six months sample. Note that VOLY decreases with larger
LE gain, since the WTP of the respondents does not increase pro-
portionally with the size of the LE gain. This could be explained by
the fact that their budget constraint becomes more limiting as the
LE gain increases. The VOLY in poor health is much lower than for
perfect health. More than half of the sample stated zero WTP for a
LE gain in poor health, with the estimate VOLY ranging from 7280
£ for the one month subsample, to 1290 £ for the six month sub-
sample. This clearly shows that people value a gain in LE less when
they are in poor health during the gained period compared to being
in normal health.

3. Survey questionnaire

The final questionnaire and CV scenario were constructed based
on extensive testing of previous versions. Pre-tests in each country
found that some formulations had to be modified to avoid mis-
understandings in the different cultural and linguistic contexts of
these nine different countries. When necessary we opted for freer

rather than literal translations to national languages (from English)
in order to convey the same meaning and CV scenarios. The ques-
tionnaire started by telling the respondent that our study is funded
by the European Union, with the objective to find out how much
he/she values an LE gain if air pollution is reduced. Then the respon-
dents were asked to consider the effect of pollution on their health
and whether it was of general concern to them. The respondents
were given information on average life expectancy in the various
countries and how air pollution affects LE. Attention was also drawn
to his/her own LE, given their age and factors which affect individual
LE such as genetic, behavioral and environmental conditions.

To introduce the valuation question, we describe two potential
policies A and B that would reduce air pollution and hence generate
LE gains: “Policy A will impose a 3% reduction per year in the emis-
sion of air pollutants for 20 years, for a total reduction of 60% by
2025. Afterwards the emission of air pollutants will be maintained
at this lower level whatever the economic growth. The benefit in
terms of life expectancy would be an average increase of 6 months”.
Policy B involves an analogous 1.5% reduction of annual emissions,
for a total of 30% by 2025, and an LE gain of 3 months. The order in
which respondents was asked for a 3 and 6 months gain in LE was
varied at random.

Great care was taken to explain the nature of the LE gain, in
particular that it is not a matter of additional months of misery at
the end of one’s life. Rather pollution causes accelerated aging. For
this purpose we developed a figure (see Fig. 1) which was shown to
the respondents to illustrate the ability to survive as a function of
age and pollution level. “Ability to survive” is used only as a quali-
tative concept, without any need for a quantitative definition. The
figure shows the ability to survive as function of age, for two dif-
ferent levels of air pollution. If the level of air pollution decreases
(increases), the survival curve will expand (shrink) in the horizon-
tal direction. LE gains arise as small increases in the probability of
survival throughout life due to a slowing of the aging process. It was
also emphasized that while most of the risk reduction (or increased
chance of survival) occurs towards the end of a person’s life, con-
ditional on reaching this stage, some benefit occurs immediately.

Since an expansion of the “ability to survive” curve implies, at
any given age, an improvement of health and thus of quality of
life, the concept of VOLY involves also a change in the quality of
life before death. That is intrinsic in any meaningful definition of
VOLY. Whatever the shape of the curves in Fig. 1, at any given age
an LE gain implies an upward shift of the “ability to survive” curve,
at least near the end of the curve. The only exception would be
an unrealistic scenario where the curve is extended just along the
horizontal axis (and the entire LE gain would be lived hovering
at the threshold of death). All the evidence on the effects of air
pollution (just like for smoking) indicates that accelerated aging is
a good way of describing the effects, and thus Fig. 1 is appropriate.

Then the interviewer explained that the cost of any mea-
sures to reduce air pollution would increase prices and hence
the cost of living. The respondents were asked first of all
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whether they would in principle be willing to pay something
in the form of higher prices to gain an increase in their life
expectancy.

If the response to this question was ‘no’, respondents were asked
the reasons for their zero WTP. This was done in order to distin-
guish “protest zeros” from “real zeros”. “Protest zeros” state a zero
WTP to protest some aspect of the CV scenario, e.g. saying that
they do not think prices should increase or that the government
and/or polluting firms should pay for reductions in air pollution
rather than households. Thus, they probably have a positive WTP,
and by counting them as zero we would underestimate the real
WTP. Thus, protest zeros are excluded from the sample and only
the real zeros and those with positive WTP are used when calcu-
lating mean WTP Those who said ‘yes’ to paying were reminded
of their budget constraint, and then asked to state their maximum
WTP for the six month gain in average life expectancy followed
by the three month gain (or the reverse order). To help respon-
dents determining their maximum WTP, they were given a set of
cards, each with a different amount, and a template. They were
asked to shuffle the cards, draw one card and decide if they were
willing to pay that amount per month for the rest of their lives
or not. If “yes” they were told to place it on the template in the
box marked “definitely would pay”. If “no”, they were told to place
it in the box marked “definitely would not pay”. If they were not
sure, they were asked to place it in the “unsure” box. The partici-
pant repeated this exercise for all cards/amounts. The interviewer
recorded the highest value placed in the “definitely would pay”
box along with the lowest value placed in the “definitely would not
pay” box. The interviewer then proceeded to ask the participant the
highest amount they would be willing to pay for the given increase
in life expectancy.

Additional questions were asked to help us understand the
responses and remove protest zeros and outliers, as discussed in
the following section. The complete questionnaire as well as addi-
tional detail can be found in the Annex of the full report (Desaigues
et al., 2007b).

4. Survey results

4.1. Characteristics of the respondents

Table 1 reports the results from a comparison of our sample with
the national population statistics to test the representativeness of
our sample. While the sample cannot claim to be representative
of the individual countries, the differences are not unreasonably
large. Remember that the sample was recruited from a large city
in each country, as the air pollution scenario is most realistic in big
cities and our survey budget was limited (and in-person interviews
as the preferred survey mode in CV surveys are costly). Thus, our
sample was not recruited to be representative of the country but
of the individual cities. However, to use the resulting VOLY val-
ues in cost–benefit analysis at the EU-level, the value is implicitly
assumed to representative of the overall adult population.

Note that for improved readability we have rounded numbers
in the tables throughout this paper; thus totals may not always add
to 100%.

Table 2 shows that across the sample there is a high degree of
awareness that the respondents’ own actions contribute to the air
pollution problem. Only the Spanish sample appears not to be well-
versed in the linkage.

4.2. WTP results

To identify protest and real zeros, we asked “Are you willing to
accept a higher cost of living, therefore an increase in your daily

Table 5
Monthly WTP for 3 months life expectancy gain, excluding protest responses
(D /month, Purchase Power Parity (PPP) adjusted).

Countries Sample (N) Median (D ) Mean (D )

Switzerland 148 12.42 27.22
Czech Rep. 213 8.98 27.82
Germany 254 21.52 37.86
Denmark 134 22.62 41.86
Spain 78 11.1 25.39
France 91 9.37 22.49
Hungary 105 3.38 14.18
Poland 128 8.56 18.48
UK 148 10.91 21.53
Pooled data 1299 11.95 27.91

expenses, to gain an increase in your life expectancy?”, with the
following reply options:

1) yes
2) no, refuses scenario (link of pollution and LE, payment vehicle,

do not trust institutions)
3) no, budget constraint (cannot pay for anything extra, no pur-

chase power)
4) no, not interested in living longer (too old to benefit, not con-

cerned with LE)
5) no, someone/something else should pay (industries, companies,

etc.)
6) no, 3/6 months is too short
7) no, only interested in pollution reduction
8) no, no specified reason.

The responses to this question are summarized in Table 3.
Among respondents with zero WTP, the most frequent reasons are
the budget constraint (7%) and refusal of the scenario (7%). We
judge that answers 2 and 5 signify protest bids (11% of the total)
and we use this classification in the subsequent analysis of WTP.

The distribution of real zeros and protest zeros (i.e. reply options
2 and 5) is shown in Table 4.

The WTP data, based on the highest amount each respondent
was willing to pay including real zeros but excluding protest zeros,
were analyzed. Table 5 reports the mean and median WTP per per-
son per month for a 3 month LE gain. As in most CV surveys, the
mean WTPs are much higher than the medians because the distri-
bution is skewed, reflecting the fact that there are many zeros and
some respondents with very high WTP.

Table 6 shows the results of both the 3-month and 6-month
WTP questions after removing outliers (defined as an amount that
seems to be unrealistically high given the budget constraint of the
respondent). The results show that WTP does not increase propor-
tionally with the increase in LE gain. Thus, for the pooled sample the
6 month/3 month ratio is 1.3 rather than 2. A subsequent question
about the reasons for the lack of proportionality showed that there
was significant variation between countries in terms of the domi-
nant reason stated. However, overall the main reason was that the
respondents did not see much difference in an LE gain of 6 versus
3 months.

To test how certain respondents were about their stated WTP we
asked “Are you confident of the amount you stated you were willing
to pay to increase your life expectancy?” As shown in Table 7 the
majority of respondents are confident of their WTP bids, lending
some support to the belief that these can be interpreted as their
“true” WTP. However, the ultimate test would be to try to collect
their stated WTP; see e.g. Veisten and Navrud (2006) for an example
of such a comparison of actual versus hypothetical WTP in a CV
survey.
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Table 6
Comparison of Mean WTP for 3 and 6 month LE gains (D /month Purchase Power Parity (PPP) adjusted).

Country 6 month LE gain 3 month LE gain

Protesters deleted Protesters and outliers deleted Protesters deleted Protesters and outliers deleted Ratio 6 month/3 month

Switzerland 32.6 29.3 27.2 23.7 1.2
Czech Rep. 35.8 35.8 27.8 27.8 1.3
Germany 50.0 39.3 37.9 30.2 1.3
Denmark 46.5 37.8 41.9 33.7 1.1
Spain 32.4 27.4 25.4 22.8 1.2
France 34.0 34.0 22.5 22.5 1.5
Hungary 19.3 19.3 14.2 14.2 1.4
Poland 25.8 25.8 18.5 18.5 1.4
UK 29.7 27.9 21.5 19.7 1.4
Pooled data 36.0 32.0 27.9 24.7 1.3

Table 7
Responses to: “Are you confident in your WTP answer?”.

Countries Yes No Missing

Switzerland 64% 5% 31%
Czech Republic 83% 7% 9%
Germany 60% 15% 26%
Denmark 82% 17% 1%
Spain 1% 49% 50%
France 65% 35% 0%
Hungary 72% 0% 28%
Poland 57% 6% 37%
UK 79% 14% 7%
Pooled data 65% 14% 21%

To help interpret the WTP bids we also asked the respondents:
“When you picked an amount, what did you think about the most?”
The reply options offered were:

1) only about your life expectancy
2) cleaner air and its overall benefits on health (I will breathe better,

will be in better health)
3) a bit of both
4) other.

The responses are summarized in Table 8. While overall the
most frequent explanation was that respondents were thinking of
cleaner air as well as all the health benefits (26% of the pooled sam-
ple) there was a diverse pattern of responses across countries. Thus,
while the most popular answer in Spain was “only life expectancy”,
in France and Switzerland it was “cleaner air and its overall bene-
fits on health”, in Hungary it was “a bit of both” and in the Czech
Republic it was “other”. Only 11% of the total valued the LE gain
alone. However, even if this result indicates that the stated WTP is
an overestimate for increased life expectancy, it may well be that
this very question made the respondents uncertain about what they
had actually been asked to value and led them to state that they con-

Table 8
Distribution (in %) of responses to the follow-up question to their stated WTP:
“What did you think about most in stating your WTP?” (see text for definition of
the response options 1–4).

Countries 1 2 3 4 Missing

Switzerland 6% 41% 24% 0% 30%
Czech Republic 19% 23% 9% 44% 5%
Germany 7% 21% 34% 12% 26%
Denmark 4% 29% 13% 8% 46%
Spain 61% 0% 26% 11% 2%
France 0% 52% 21% 2% 25%
Hungary 3% 20% 44% 4% 28%
Poland 3% 25% 29% 6% 37%
UK 8% 25% 29% 31% 7%
Pooled data 11% 26% 25% 15% 23%

sidered not only the life expectancy even if they actually had done
so.

4.3. WTP regression model

As a validity test we regressed the WTP of the pooled sample
on income and other characteristics of the respondents. We used a
simple model defined as:

WTP = ˛ + xi · ˇ + ε

where ε is the error term, xi is a 1 × k vector of individual char-
acteristics for individual i and ˇ is a k × 1 vector of unknown
parameters. The results are presented in Table 9. Income had
a significant positive effect on WTP, as expected from eco-
nomic theory. If respondents stated concern about health effects
of air pollution, they also had significantly higher WTP than
those who did not. Those who were sure about their stated
WTP also gave significantly higher WTP than those who were
not. WTP was also significantly higher for male respondents,
and those with the highest education. Age, however, had no
significant effect.3 Overall the WTP regression model seems to
perform well, and confirms the validity of our survey although
the model has low explanatory power as commonly found for CV
surveys.

4.4. Income elasticity of WTP

We also estimated the income elasticity of WTP by using a sim-
ple double-log (in WTP and income) model while controlling for the
significant individual characteristics observed in the WTP regres-
sion model reported in Table 9. The resulting income elasticity of
WTP for the pooled sample is between 0.38 and 0.69 (depending
on the specification of the model). There are large variations of the
elasticity between different countries, with the Central and East-
ern European Countries with the lowest income level having the
highest income elasticity of WTP.

5. VOLY calculation and discussion

5.1. Calculation of VOLY

We used the WTP figures of Table 6 to estimate the value of a
life year according to two slightly different equations (with zero

3 With regards to the age dependence of VOLY and VPF conflicting (and sometimes
ethically controversial) results have been reported in the literature. Two effects tend
to draw in opposite directions: On the one hand most people expect reduced income
during retirement (which lowers the WTP of older respondents), but on the other
hand older people are more conscious of the limited time they have left and the LE
gain appears more important.
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Table 9
WTP regression model for the pooled data for all nine countries. Protest zeros and outliers have been excluded.

Covariates 6 month LE gain 3 month LE gain

Coefficient Robust standard error Coefficient Robust standard error

Constant −16.53 16.28 −18.23 14.92
Physically bothered by air pollution 1.83 1.58 1.66 1.44
Concerned about health effects of air pollution 3.57** 1.46 2.81** 1.29
Aware that lifestyle contributes to air pollution −0.84 2.66 −1.15 2.14
Knows that air pollution is harmful to health 3.26 3.05 4.01 2.60
Subjective health status of respondent (1 = good; 2 = average; 3 = poor health) −0.37 2.58 −1.36 2.20
Has bronchitis and/or asthma −3.59 3.84 −0.49 3.36
Has emphysema, cancer, cardiovascular or other serious diseases 4.04 4.72 5.61 3.91
Smoker 4.57* 2.71 3.87* 2.33
Sure about stated WTP figures 8.30*** 2.93 8.23*** 2.53
Has private health insurance 3.72 2.73 2.43 2.39
Male 6.79** 2.76 6.75*** 2.48
Superior education level 6.67** 3.26 2.39 2.77
Age 0.66 0.68 0.58 0.57
Age square −0.01 0.01 −0.01 0.01
Income 0.004*** 0.001 0.004*** 0.001
N 992 986
R-square 0.0634 0.0653

* Significant at the 10% level.
** Significant at the 5% level.

*** Significant at the 1% level.

discount rate as discussed below). The first uses the life expectancy
LEk and average age of the sample in each country k

VOLYk = (WTP3,k × 12) × 4 × (LEk − average age of samplek)
VOLYk = (WTP6,k × 12) × 2 × (LEk − average age of samplek)

(1)

where WTP3,k and WTP6,k are the average monthly WTPs in country
k, for 3 and 6 months, respectively. Alternatively, we have used the
remaining life expectancy �LEk,i of each individual i (calculated by
means of the life tables of each country k according to the gender
and age of respondent i)

VOLYk = 1
nk

nk∑
i=1

(WTP3,k,i × 12) × 4 × �LEk,i

VOLYk = 1
nk

nk∑
i=1

(WTP6,k,i × 12) × 2 × �LEk,i

(2)

where nk = number of respondents in country k. In order to account
for differences in population size among the 9 countries in our
sample we re-estimated the pooled countries VOLY weighted by
the populations in the New Member Countries (NMC) and the
EU15 + Switzerland countries (“EU16”). In mathematical form:

VOLYPOOLED-WEIGHTED = (VOLYNMC × POPNMC) + (VOLYEU16 × POPEU16)
POPNMC + POPEU16

(3)

The results of these calculations can be seen in Table 10. It turns
out that the differences between Eqs. (1) and (2) are small compared
to the overall uncertainties.

5.2. Discounting

The choice of the appropriate discount rate for the calculation of
VOLY has to consider how the respondents perceived the payments.
Did they see a future payment as having the same nominal value as
one made today, or did they implicitly discount the future? In the
latter case no further discounting should be applied. By empha-
sizing that the payments must be made for the entire remaining
life time we obliged the respondents to think about the future
of the payment series. Therefore we believe that their reported
WTP are implicitly discounted. However, future CV surveys of VOLY
should include questions asking respondents whether they apply
some sort of discounting when reporting their monthly WTP for
the remaining lifetime to test this assumption.

5.3. Mean versus median

As in most CV surveys, mean WTP is much higher than the
median WTP. One could argue for using the median WTP in cal-
culating VOLY because it is less sensitive to respondents stating
very high WTP which are not representative or realistic, and thus
would have a large effect on mean WTP especially in small samples.
The median is in effect a voting system where the WTP of each indi-
vidual is counted only as being above or below a reference value,
i.e. the median; that is analogous to typical yes/no choices in demo-
cratic elections. By contrast, the mean takes the strength of the vote
into account. An individual A whose WTP is twice that of individual
B carries twice as much weight in calculating the mean WTP. We
argue that the strength of the vote should be taken into account for
issues that clearly involve a matter of degree. Determining a VOLY
for environmental policy is a matter of degree, not a simple yes/no,
and thus it seems more appropriate to take the strength of each
vote into account by using the mean (Note, however, that we use
only means where the outliers have been removed).

Calculating VOLY from mean WTP is also in accordance with eco-
nomic welfare theory, which is the theoretical basis for cost–benefit
analysis (e.g. of new regulatory policies for air pollution) where
VOLY estimates typically would be used.

5.4. VOLY and the size of the life expectancy gain

One of the problems with CV of mortality is the dependence of
the resulting VOLY (or VPF) on the magnitude of the LE gain (or
of the risk reduction) that is described in the elicitation question
(see e.g. Braathen et al., 2009). Typically the WTP increases far less
than the proposed benefit. This lack of strict proportionality (often
termed “not passing the scope test) is notorious in CV studies (see
e.g. Beattie et al., 1998). Is the phenomenon a cognitive illusion or
a correct valuation? It could be the latter due to nonlinearities of
the utility function. Such nonlinearities can arise from diminishing
marginal utility or from budget constraints. Diminishing marginal
utility of LE gains does not appear rational in view of the almost
universal desire to live as long as possible. But budget constraints
may set in fairly soon: at 40,000 D /VOLY how many years do people
think they can afford to buy?

Another reason for the lack of proportionality may lie in the
possibility that people perceive the magnitude of their WTPs on a
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Table 10
Population-weighted VOLY (Purchase Power Parity (PPP) adjusted D ). Protest zeros and outliers are excluded. A comparison of Eqs. (1) and (2) with the population weighted
VOLY from Eq. (3).

Method “EU16”a NMCa Population-weighted pooled, Eq. (3)

For 6 month LE gain
Mean as in Eq. (1) 25,762 19,339 24,733
Mean as in Eq. (2) 27,863 24,525 27,328
Median as in Eq. (1) 16,989 5984 15,226
Median as in Eq. (2) 16,778 8105 15,389
For 3 month LE gain
Mean as in Eq. (1) 40,133 29,228 38,386
Mean as in Eq. (2) 42,548 37,309 41,709
Mean, averaged over Eqs. (1) and (2) 41,341 33,269 40,048
Median as in Eq. (1) 20,886 11,409 19,368
Median as in Eq. (2) 22,921 11,174 21,039
Population (million)

388 (EU15) 74 (EU25-EU15) 462 (EU25)

a “EU16” = EU15 + Switzerland, NMC = New Member Countries (Czech Rep, Hungary and Poland).

logarithmic rather than linear scale. Logarithmic scales of percep-
tion are a well established fact for several senses, especially vision
and hearing (e.g. http://en.wikipedia.org/wiki/Dynamic range),
and they are a necessity if sufficient sensitivity to changes is to
be achieved over a very large range of stimuli. It seems plausi-
ble that the perception of monetary amounts, or other quantities,
may also be more logarithmic than linear. For example a change
from one million to two million may not appear much larger than
a change from one hundred thousand to two hundred thousand if
such changes are perceived more in relative than in absolute terms.
Perception in relative terms may be especially likely when the good
in question is not at all familiar.

We do not know to what extent the lack of proportionality
between 3 and 6 months is due to budget constraints or to non-
linear perception. Whatever the cause, the effect is awkward for
the determination of VOLY: one can obtain a wide range of different
VPF or VOLY results, depending the gain described in the elicitation
question.

In this context one should not forget the needs of policy makers;
after all, it is for their cost–benefit analyses of regulatory policies
that studies of VPF and VOLY are carried out. The purpose is to pro-
vide a basis for more rational and consistent decision making about
life saving measures. To see what could happen if VOLY decreases
with LE gain, suppose that two independent policy options A and
B each bring a small LE gain with sufficiently high VOLY to pass
the cost–benefit criterion, so they will both be recommended for
implementation. Thus, it is in effect the combined package C = A + B
that is recommended. But suppose further that VOLY for the LE gain
of the combined package C is too low because of those diminishing
returns. What should policy makers do? The only way to avoid this
kind of inconsistency is to use a single VOLY, for the entire range of
LE gains that might be under consideration.

To find the appropriate single value we argue that Policy A of our
CV survey the one with the 3 month LE gain, is particularly realistic
whereas Policy B, with the 6 month gain, is quite ambitious. If the
lack of proportionality is due to nonlinear perception, this would
also support the estimation of VOLY based on the 3 month LE gain.

6. Conclusion

The main findings of our 9-country European Contingent Valua-
tion (CV) survey of Willingness-to-Pay (WTP) for a Life Expectancy
(LE) gain of 3 and 6 months due to reduced air pollution to establish
an European Value of a Life Year (VOLY) are:

(i) The mean WTP is more than twice as high as the median WTP.
Mean WTP is the welfare theoretic correct measure.

(ii) For the pooled sample of all 9 countries, 39% of those who stated
zero WTP are classified as protest zeros, i.e. they have a positive
WTP but state zero because they protest one or more aspects of
the CV scenario. We have excluded these protest zero answers
from the sample before calculating mean and median WTP and
the corresponding VOLY.

(iii) The outliers (here defined as those that accepted the highest
bid on the payment card in each country) were only 15 and 13
persons for 3 and 6 months LE gain, respectively. Thus, they con-
stitute less than 1.5% of the sample, but deleting them reduces
the mean VOLY by 11–13%. The highest bid on the payment
card implies a monthly WTP of about 250 D , and an annual WTP
of 3000 D , which was unrealistically high compared to dispos-
able income for almost everyone in the sample. Even though we
cannot exclude the possibility that a small part of the European
population has such a high WTP, this proportion is probably
overestimated in our sample. In order not to overestimate VOLY,
we have excluded these “outliers” from our VOLY calculation.

(iv) The sample size for each country is too small to provide
reliable country estimates of VOLY. However, the pooled sam-
ple from all 9 countries, and the estimates for “EU16” (i.e.
EU15 + Switzerland, the EU15 represented here by Denmark,
Spain, France, Germany and the UK) and NMC (i.e. New Mem-
ber Countries, represented here by the Czech Republic, Hungary
and Poland) are large enough to produce representative esti-
mates of VOLY.

(v) The VOLY estimates based on WTP for a 3-month LE gain are
significantly higher than those based on WTP for 6 months LE.
For the pooled sample the ratio of WTP for 6 months/WTP for 3
months is 1.3. Because individuals’ budget constraint will kick
in for the 6-month LE, we recommend using the mean VOLY
estimate based on the WTP for a 3-month LE gain.

Based on this, our recommended VOLY estimates are

EU15 + Switzerland: 41,000 D
New Member Countries: 33,000 D

For application in cost–benefit analyses of new EU directives
and policies we recommend using the same value for all coun-
tries within the European Union, using the VOLY of the pooled
sample. With adjustments to correct for the difference in the pro-
portion of EU15 and NMC observations in our sample and the actual
populations we recommend an EU-wide VOLY of 40,000 D . As for
confidence intervals, we argue that VOLY is at least 25,000D and at
the most 100,000D .
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