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Abstract

In this paper, we extend the individual dynamic model of life-time resource
allocation to assess the monetary value given to the increase in survival prob-
abilities of every member of a household induced by improved air quality. We
then interpret this monetary value as a flow of Value of Life Years Lost (VOLY),
and estimate the corresponding Value of a Prevented Fatality (VPF) for differ-
ent ages and different household members. Using French contingent valuation
data on air pollution, we estimate a mean VOLY of €150,000 and a mean VPF
of €2.15 million. In addition, we find an inverse U-shaped relationship between
age and VPF.
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1 Introduction

Public economics has always been concerned with the awkward albeit necessary task
of valuing life with a view to upgrading economic efficiency in public policies involving
changes in death probability. Since no market exists for life, a value for a reduction in
probability of death needs to be deduced from stated or revealed economic behaviour.
Empirical assessments have so far provided a range of values generally between € 0.7
and € 6.1 million. One important finding has been that the Value for Preventing a
statistical Fatality (VPF) depends on the characteristics of the risk of death: age at
death, quality of life and nature of the underlying risk have largely been found to be
relevant factors (see for instance Slovic, 1987; Cropper et al., 1994; Krupnick et al.,
2002, Alberini et al., 2004). As a consequence, “accurate valuation requires the use
of scenario-specific values” (Hammitt, 2007). VPF should therefore depend on the
specific context of the Cost Benefit Analysis (CBA), and may even vary within the
same CBA when the underlying risk of death and the age of the population differ.!

However, although numerous studies assess monetary values that can be used in
accidental contexts (in transportation, at work, harmful substances in food or medica-
tions) very few deal with environmental hazards. For risk of death from air pollution,
which has been a growing source of concern in recent years, the practice has been to
apply a correction factor: UK DH (1999) proposed 0.7; Sommer et al. (1999) 0.61,
Ostro and Chestnut (1998), 0.8 and Pearce and Crowards (1996) 0.7, in the absence
of the assessment of specific monetary values (to our knowledge, there are only two
for developed countries: Chanel et al., 2004, Chilton et al., 2004).

In this paper, we address this issue and assess a VPF specific to air pollution risk
of death. We do so by implementing a CV survey that collects Willingness To Pay
(WTP) for a change in air pollution exposure. The hypothetical scenario, derived
from Viscusi et al. (1988) and Guria et al. (1999), proposes a hypothetical choice
between moving with his/her household to one of two cities, which are exactly the
same (city size, housing, weather, public services etc.) with the exception of the
cost of living and the level of air pollution. By privatizing the public commodity

air pollution, we succeed in ruling out any form of altruism (towards other persons

LAn intuitive example is the construction of a new highway in the middle of the countryside.
The decision-maker should value differently deaths avoided thanks to this safer road infrastructure

and deaths attributed to greater exposure of residents to air pollution.
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today and towards future generations) except altruism towards one’s family. The
survival of every member of the household is then considered as a household public
good (Bergstrom, 1997).

To analyze the data and compute a VPF specific to air pollution, we adapt a
lifetime resource allocation model to the whole household, taking into account the
expected remaining lifetime of each member. This model allows us to disentangle
the potential benevolence of respondents towards other household members and to
compute an individual VPF based on a weighted sum of the discounted value of a life
year. Our results are three-fold. First, we show that only children under eighteen are
taken into account for by respondents when they state their preferences for moving
to a less polluted city, with no concern for other adults of the household. Second, the
mean value of a life year equals € 150,000 with a discount rate of 6.4%. Third, the
econometric estimations lead to an inverse U-shaped relationship between VPF and

age with a maximum of € 2.5 million at age 41.

The remainder of the paper proceeds as follows. Section 2 presents the theoretical
model and Section 3 the survey design and data. In section 4, we define a structural
econometric model based on the theoretical framework. The econometric results are

given in Section 5. We conclude in Section 6.

2 Theoretical framework

Consider a household composed of n individuals indexed by n, n = 1,...,7n of age
j", with an upper bound 7" on the age to which they can survive. Each household
has a utility function at age t denoted wuy(.), strictly concave, twice continuously

differentiable, additive and time-separable.

Define the mortality rate of a j-year-old individual as p;. The probability of be-
coming at least t-year-old is denoted S;, and depends on the successive mortality

rates as follows:?
Sy =e" Jo uis)ds (1)

2Blanchard (1985) showed that age-dependent death rates could result in time inconsistency. We
however neglect this issue, as most authors do.
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The probability of being alive at age ¢ conditional on having survived until age j
is a survivor function denoted by S;/S; = S;;. Assume that one of the household
members (by convention, indexed by n = 1 in the following) maximizes the sum of the
expected remaining lifetime utility of each household member conditional on his/her

survival at age j":*

T—j1t n
max Bfu(cy)] = [ €3 Spurupalep s @)
0

Cin ¢
"+ n=1

where FE[.] denotes an expectation operator; u(.) is assumed to be increasing in c;
T'" denotes the maximum age an individual can reach; cj»y; denotes consumption at
age j" +t; and 1, denotes the marginal rate of time preference, possibly time-

dependent.*

In the usual model of lifetime resource allocation with a complete set of life an-
nuities, each individual is supposed to choose an intertemporal consumption profile
that depends on his/her current accumulated assets, his/her expected future incomes

Yt, t =J,...,1, and the opportunities to borrow and invest on capital markets.

This requires the existence of a complete and perfect market for life annuities
allowing the consumption of those who survive to be financed by the assets of those
who die. In such a world, individuals would choose consumption profiles satisfying an
expected lifetime budget constraint. Despite the fact that such a world does not exist,
Blomqvist (2002) noticed that the family often operates monetary transfers towards
its oldest members and that advanced countries offer private annuities markets and
publicly funded pension schemes that guarantee a minimum consumption level for
everyone. Hence, we assume that the household’s perceived expected lifetime budget
constraint is: _ -

/ €Y Sinagn (Ygnat — ¢nre)dt =0 (3)
0 n=1
where y;n; denotes individual incomes at age j"+1%, ¢ > 0, and r is a constant market

rate of interest.

Maximization of (2) subject to (3) provides the optimal consumption profile cj. .,

of the individual on remaining expected lifetime (Blomqvist, 2002). The conditions

3This model extends the model proposed in Chanel et al. (2004) by explicitly taking into account

all household members and introducing the VOLY.
“Note however that a varying discount factor can lead to time inconsistency in life-cycle models

(see Blanchard, 1985; or Johansson, 2002).
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for optimality, and continuous differentiability of cj»;, can be found in Seierstad and
Sydsaeter (1987) for an n-year-old individual model. However, to our knowledge,
there is no framework for heterogeneous individuals of a household in continuous
time, although related dynamic optimization models for heterogeneous agents have
been explored in discrete time (see for instance Le Van, Nguyen and Vailakis, 2007).5
Since we do not need to characterize the optimal consumption profile ¢}, ., and the

A" (as shown below), we use the following Hamiltonian:

T_jl n T—jl n
H, = /O 676” Z Sjn+t7jnU(Cjn+t)dt + A" /(; e Z Sj”th,j” (yjn+t o Cj"th)dt
n=1 n=1
(4)

where ) is a Lagrange multiplier and the subscript *’ denotes optimal values. It is
hence possible to define the monetary counterpart of the expected remaining present
value utility V1 /A*(j') (Johansson, 2001; and Blomqyvist, 2002):

Vit 1 /T_j1 {zn: —5ut —rt
N TE Sinyt,jn [6 ' U(C#nﬁ-t)} + X e (yjnrt — Cnyy) ¢ dt ()
AN AU Jo — ’ ’

A*(71) should be interpreted as a function standing for the expected present value of

the marginal utility of income at age 5.

Let us now consider a project that induces a change in all the mortality rates at age
J", Wjn, and that will last D years. We assume that this change is age-independent
and denote it by du. This implies a change dSjni¢ j» in the conditional survivor
function of individuals at age ;" +t, ¢ > 0. Let WT' P be the willingness to pay of the
household for this project and hence for dS;n i, ». It is then possible to determine

the WT'P that would leave expected utility unchanged, i.e.:

T—j! n
/ {Z dSjn e gn [€7 00 u(Chny)] + N (Yynae — c;n+t)} dt —\*(jHYWTP =0

0 n=1
(6)

and Vj1 /A*(j') is defined by (5) and (6) as:
n wWTP fOT_j { Z Sj"-i—t,jn [€7éttU(C;n+t)} + /\*677"15 (yj"—‘rt — C;”-i—t)} dt
R &
T—jt * * - *
fo ’ {n;l dSjn it n [e_attu(cjn-yt” + N e (Yt — Cj”+t)} dt

5The introduction of several individuals affects the optimization setting in a linear way. The
proofs of existence and unicity of the solution remain valid, although the values of the solutions
obviously differ.
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Let us consider that the project changes the mortality rate during a short time interval
D (a blip according to the terminology of Johanesson et al., 1997). Let Sjnysjn

(Sjntt,4m,) be the survivor function of member n at age j” before (after) the project

is implemented, before (after) the change dp in the mortality rate. We have:
~ i"+D t
Sj"-‘rt,jn - 67 fj]n " [M(S)idu]dsei fjnJFD 'u(s)ds — eDdqun_A'_tJ'n n = 17 ceey /ﬁ/ (8)

Hence, we have the following for small Ddu:

den+t’jn - gjn+t7]‘n — Sj"+t,jn - Sjn+t,j" (eDdl" — 1) ~ S]n+t7]nDdlu (9)
and then (7)simplifies to:
Vi -1
—— = (Dd TP 10
) = (D)W (10)

Expression (10) constitutes a very simple way to compute the monetary counterpart
for a household with n j"-year-old individuals, n = 1,...,7 only based on the WTP
for a (age-independent) contemporaneous variation dp of the mortality rate of each

of its members.

In the case of a single j-year-old individual, Equation (10) is interpreted as the
Value of Preventing a Fatality (VPF) at age j (see Johansson, 2001 or Blomqvist,
2002). In the present framework, as the WTP stands for all the members of a
household, the monetary counterpart to the expected remaining present, value utility
Vi1 /A*(5') can no longer be interpreted in terms of one single VPF.% One can thus

assume that it corresponds to the sum of the VPFs of each member of the household:

Vi %
— = VPF, 11
NS (1)

Each of these VPFs can itself be expressed as a flow of discounted age-independent
Value Of Lost Years (VOLY) as Viscusi et al. (1997) or Hurley et al. (2005) did in a

discrete-time framework or Leksell and Rabl (2001) in a continuous-time framework.”

6Note that the WT P could be corrected to establish a VPF per member by dividing the WTP by
the number of members in the household, and then computing a VPF per member. Studies applying
hedonic methods for computing VPF generally proceed in this way without specific weighting,
whereas empirical macroeconomics studies sometimes use different weights according to the age of
the different members.

"Economists have long known that people discount future outcomes, and “future years should be
no exception” (Viscusi et al., 1997).
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Hence, the VPF for a j-year-old individual may be expressed as:
T .
VPF; = / e =N, VOLY dt (12)
J

Combining equations (11) and (12) gives:

V, ,FL Tn n ;T
I = (Ddp)"'WTP =VOLY / e I G jndt” (13)
1Y

A" (1) S

where T™ represents the age up to which the member n of the household is supposed to
live in the household and 0 represents the rate at which future life years are discounted.
Note that, for tractability in the empirical study, we assume in equation (13) that all
years in a lifetime are equally valued (7) by individuals (in particular, low quality years
at advanced ages) and (i) across individuals; (ii) the rate that discounts future years
is constant; and (7i7) the respondent does not weight his/her household’s members

other than through their respective age.

3 Survey design and data

The data used in this paper are derived from a stated-preferences experiment de-
signed to explore theoretical and empirical issues related to the risks of air pollution
exposure. Respondents were from the Bouches-du-Rhone district (1.8 million inhab-
itants), which includes Marseilles, the second largest city in France. In the survey,
respondents were asked about their WTP to increase the air quality. The first part of
the survey required respondents to provide details of their socioeconomic background,
risk attitudes, beliefs and knowledge about air pollution and state of health. In the

second part, the scenario was described and WTP was elicited.

The scenario, derived from Viscusi et al. (1988) and Guria et al. (1999), proposed
a hypothetical choice between moving with his/her household to one of two cities
which are exactly the same (city size, housing, weather, public services etc.) with

8 By moving to

the exception of the cost of living and the level of air pollution.
a less polluted place, the respondent was offered the opportunity to improve air

quality for him/herself and other members of his/her household (see Appendix B

8 Air quality in Marseilles, the largest city of the district, was used as a reference point for all
respondents.
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for the hypothetical scenario). Our scenario therefore focuses on a private action —
choosing which city your household will live in — not a public action. This eliminates
the potential confounding factors of altruism outside the family. Consequently, the
respondent values an improvement in air quality for him /herself and other household

members only.?

An important issue is how to present mortality risks. In general, people have
difficulties handling risk levels, especially small changes in risk (see Pidgeon and
Beattie, 1997, Fischhoff, 1989, Hammitt and Graham 1999). In the case of air quality
effects on health, the difficulty is to limit this cognitive weakness but to respect
epidemiological reality. In the scenario, we chose to express risk changes over a
period longer than one year and for a large population (one hundred persons), since
natural frequencies are much easier to handle than objective probabilities (Hoffrage
et al., 2000; Manski, 2004). The exact wording was: One person out of 100 randomly
chosen in the street is likely to die before 80 due to poor health related to air pollution
exposure. This person will have lost around 10 years of life. This wording is in line
with epidemiological data (‘will have lost around 10 years of life’, ‘before 80’) and
introduces the uncertainty dimension both by mentioning ‘randomly chosen in the
street’ and ‘will die before 80" (see Kiinzli et al., 2000).

We collected WTP data using two methods.'® First, we used an innovative survey

9This scenario also has numerous other methodological advantages. First, it decreases the possi-
bility of strategic behavior: the air quality in both cities will not be changed by individual decisions
and future behavior. This thus eliminates strategic biases since it becomes too difficult for a respon-
dent to speculate about the way s/he could manipulate the final decision by formulating a strategic
answer. Second, any biases linked to uncertainty about the existence of the good are minimized be-
cause no public action is required. Third, familiarity with the hypothetical market is good since the
proposed choice set is very close to those respondents are used to dealing with in ‘real’ life. Personal
and economic dimensions dominate in making decisions to move, and this kind of choice is more re-
lated to the market sphere than in scenarios that ask for financial contributions to publicly financed
environmental improvements. Moreover, even though other criteria are relevant in real decisions to
move, the scenario makes apparent the trade-off between two criteria only (air quality and cost of
living) by constraining the choice set to two cities similar in their other characteristics. This allows
for a better understanding of the exact boundaries of the environmental change, and may reduce
embedding effects. Finally, the payment is presented as an addition to current monthly expenditure,
reducing the risk of protest responses induced by other payment vehicles such as taxes. Moreover,
this monthly payment is a priori more closely related to the respondents’ reasoning framework:

rent, bank loans, water, electricity and phone bills are generally paid every month.
10Semi-directive face-to-face qualitative interviews (73 persons) provided information to pre-test
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(267 persons) self-administered by following instructions given by the research team.
Two sessions of 142 and 125 respondents were organized in the Regional Council
conference room, lasting for one hour. WTP revelation questions were computer-
assisted with electronic vote sessions (see Chanel et al., 2006). Second, we ran a
telephone survey on 1006 respondents by an opinion poll company during July 2000
and July 2001 via computer-assisted telephone interviews using four stratification
variables (age, gender, residence and profession). Our sample was representative of
the Bouches-du-Rhone population. For each method, WTP questions were asked
separately on different aspects of air pollution (mortality effects, morbidity effects
and other environmental aspects). In this article, we focus on WTP for a decrease of

mortality risks only.

For the initial 1273 interviews, the W'TP for a mortality reduction was elicited from
731 out of the 1006 respondents of the telephone survey and all the respondents of the
group survey (267). The exploitable sub-sample is 923 respondents. Of these 923 re-
spondents, 4 exhibited unusable responses and 12 exhibited protest responses.!' This
left 907 respondents (see Appendix C for descriptive statistics of the final sample), for
whom the survey questions allowed us to identify household: whether the individual
is single or lives with other adults and children and their respective age.'? Finally,
the age of each household member allowed us to compute his/her life expectancy

according to French epidemiological survival data (Insee, 1999).

4 Econometrics

In this section, we adapt the theoretical model presented in Section 2 to the data.
Before proceeding, we first need to specify in the econometric model the variation in

mortality risk (dp) as well as its duration (D).

and refine the survey.

UProtest responses are respondents who express nil WTP and give a reason in open comments
that can be described as protests (for instance, “I do not agree with the principle of paying”, “I
would not pay since I will only move to live in the country”, “I do not agree to pay to move to a less
polluted place when I can die tomorrow when crossing the street” or “I do not want to pay because

the factories are the major polluters”).
12We were unable to identify the structure of the household for six respondents and thus excluded

them from the data.
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Risk changes are expressed in the scenario over a period greater than one year
to avoid too small probabilities. We offer the individual the opportunity to reduce
mortality risk by moving to a less polluted place. Three different changes in air
pollution levels are used: 25%, 50% and complete elimination (each respondent was
assigned randomly to a risk level). We therefore have to compute the annual change
dp in the death probability corresponding to the scenario, with a parametric function
for the conditional survivor function S;; (see Appendix A). For a 25% reduction
of the number of polluted days, du*=0.00022, for a 50% reduction, du®=0.0004328,
and for complete elimination , dyu'=0.0008378. The scenario asks each respondent
i for a monthly payment WT P; to reduce the annual death probabilities of his/her
household’s members by dpu,. Neglecting infra-annual discounting, monthly WTP is
then multiplied by 12 to obtain the annual WTP.!* The left hand side of Equation (13)
simplifies to (du;)'WTP; and can now be computed for each household /respondent.

It now remains to express the right hand side of Equation (13) in a way compatible
with the estimation of 6 and VOLY. Unfortunately, an analytical formulation of the
integral in Equation (13) does not exist since Sin jn is itself an integral (see Equation
(18) in appendix A). We approximate this expression as follows:'*

LLjn

(du)*WTP=VOLY Y / e " gn (14)
n=1"0

where LL;» corresponds to life expectancy at age j™ (i.e. f] . Sin_ndt™). Solving the
integral in (14) leads to:

(dp)*WTP =VOLY zn:(a)—l(l — 70k ymy (15)

Adding an error term to the right hand side of this equation makes it a tractable
non-linear econometric model. In this formulation, VOLYs are equally weighted for
each household member (assumption éii), whether the corresponding household mem-
ber is the respondent him/herself, another adult or a child. This is however a re-

strictive assumption that can be relaxed and tested for. We do so in the following

13As du is lower than 1072 (see above), choosing the duration D = 1 makes the approximation

error in Equation (9) lower than 107°.
14The trade-off was between using of more tractable survival functions (see for instance the one

used in Boucekkine et al.; 2002) that relatively poorly fit observed death rates or keeping the
Gompertz function that fits them well but requires the proposed approximation.

10
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non-linear econometric model (hereafter referred to as Model I):
(dp;)"WTP, =VOLY [67' (1 — e ")
fan 3 51— et

acAdults

tap Y 01—ty 4

keChildren

(16)

where VOLY and 0 are constant parameters to be estimated; ¢; is a well-behaved
error term. The parameters a, and aj are weights attributed respectively to adult
and child-under-18 household members. When oy = o, = 1, the respondent weights
equally all household members and model (16) is therefore in line with the theoretical
prediction. When aj = a, = 0, the respondent only considers his/her own utility
gains when stating his/her WTP in the valuation exercise. Based on Model I,
it is possible to consider that the VOLY depends on a respondent’s characteristics
such that VOLY; = X;8 where X is a set of individual characteristics that capture
heterogeneity in VOLY across the sample and [ is a vector of parameters (hereafter,
referred to as Model IT). We present empirical results based on these two econometric

strategies in the next section.

5 KEconometric results

Table 1 presents econometric estimations of Models I and II. The constant pa-
rameter associated with the VOLY in Model I is significant and equals 160,700.
The second column, devoted to Model II estimations, however shows that assuming
a respondent-independent VOLY is disputable, since several explanatory variables
significantly explain a respondent’s VOLY. First, income is significant and positive
(HHIncome): the VOLY increases with household income. Second, current state of
health (CurHealth) and expected state of health at age 75 are significant (Health75).
The former has a negative impact on VOLY (healthier respondents afford less value
to future length-of-life gains) while the latter has a positive impact (respondents who
expect to be in better health when length-of-life gains occur state a higher VOLY).
Declaring regular consumption of organic food (OrgFood) increases the likelihood of a
higher VOLY'. Finally, interviewing the respondent in the Regional Council (RCinter)
leads to a lower VOLY.

11
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Model I Model 11
Variable Parameter p-value Parameter p-value
estimate estimate
VOLY estimates
Constant  1.607e+05 0.005*** 1.029e+05 0.033**
Sex - -1.667e+04 0.303
Edu2 - 2.893e+03 0.887
Edu3 - 1.239e+04 0.514
BadQuali - 2.046e+04 0.325
HealthImp - 1.412e+04 0.405
RCinter - -9.210e+04  0.008***
FreshAir - 3.382e+04 0.118
Hab - 3.120e+04 0.112
AirPur - -5.914e+03  0.920
OrgFood - 1.381e+04 0.076*
Sport - -1.047e+04 0.176
CurHealth - -1.000e+04  0.048**
Health75 - 9.743e+03 0.018**
HHIncome - 4.955e+00 0.004***
Weight for child(ren)
ar  1.1999e-01  0.033** 1.105e-01  0.02217**
Weight for other adult member(s)
ag  -9.670e-03  0.854 -6.745e-02  0.14748
Discount rate
6 9.129e-02  <.001*** 6.396e-02  0.00876***
Mean Voly 160700 € 150497.7 €
Median Voly - 147994.9 €

*if p-value<0.05, * if p-value<0.1

Table 1: Non-linear Least Squares Estimation (N = 907)

The estimated discount rate for the data equals 9.13% in Model I and 6.39% in
Model II. These results are in line with those reviewed by Frederick, Loewenstein
and O’Donoghue (2002). In particular, they report six empirical studies estimating
annual discount rates for life years, with corresponding values in the range 0%-3%
(Johannesson and Johansson, 1997b) to 11%-17% (Dreyfus and Viscusi, 1995). Using
conjoint choice questions to evaluate preferences of Italians for income and future
mortality risk reductions delivered by contaminated site remediation, Alberini et al.
(2007) find that respondents’ implicit discount rate is 7%.

12
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Regarding familial altruism, only the weight «j that takes into account children
under 18 is significant in both models with values .12 in Model I (p = 0.033)
and .1105 in Model II (p = .02). The VOLY of one child under 18 is therefore
approximately 11% that of the respondent whatever the model considered. This
indicates that respondents only consider the benefits for themselves and, to a lesser
degree, for children under 18 when doing the valuation exercise. Additional adult
household members do not make a difference in respondents’ values (o, is negative
but not significant in both models, p = .85 and p = .15 respectively). This is
an interesting result since, contrary to other stated preferences studies which find
altruism to be significant (see for instance Dickie and Messman 2004), we did not
ask respondents to value explicitly the benefits to other household members. Rather,

implicit preferences for relatives are derived from the structural model.

Based on the estimated parameters, we compute mean and median VOLY for both
models. In Model I, the constant parameter translates directly into a mean (and
median) VOLY at €160,700. In Model II, the mean VOLY is € 150,498 (median
€147,994). Using Model II, it is also possible to compute a mean VOLY in perfect
health. This is done by computing the mean VOLY for our sample but with Health75
set to perfect health (i.e. 10) for all respondents,'® i.e. as if all respondents were
expecting perfect health when length-of-life gains occur. Mean VOLY in perfect
health is € 206,808. This is in line with monetary valuations of a QALY based on
WTP found in the literature: Johannesson and Meltzer (1998) suggest an estimate
between $ 190,000 and $ 450,000 and, in a meta-analysis, Hirth et al. (2000) provide
a median estimate of $ 265,000.

We now consider the relationship between age and individual VPF for both models.
We do so by first estimating the individual VPF for each respondent according to
equation (12) using his/her estimated VOLY (the constant parameter in Model I
or V/O\LYZ in Model II), and the estimated discount rate 5. We then compute non-
parametric spline regressions of the relationship between estimated VPF and age. In
order to check the validity of our findings, we also compute spline estimations for the
original data, i.e. (du;)"'WTP,, with age. Note that in the original data, WTP;
includes WTP for respondent as well as for other household members. Results are
presented in Figures (1.a), (1.b) and (1.c), and indicate that the estimated VPF are
positive for the whole age range (18 to 90) whatever the Model and the sample.

15Expected health at 75 years old was elicited using a visual analog scale from 0 to 10.

13
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Figure 1: Estimated VSL (in € million) by age

Figure (1.a) presents the results for Model I as well as the spline regression based
on the original data. The VPF based on Model I exhibits a monotonic declining
trend imposed by the structural model (in Model I, the VOLY is constant for all
respondents): VPF are lower for advanced ages (like in Johannesson et Johansson,
1996; Krupnick et al., 2002; or Alberini et al., 2004). It does not, however, fit well with
the spline regression based on the original data which exhibits a non-monotonic trend
between VPF and age: first increasing with a maximum at age 40, and decreasing

thereafter.

Figure (1.b) and (1.c) present the results derived from parameter estimates of
Model II. In Figure (1.b), the spline estimation is performed for single respondents
only, while in Figure (1.c) we present the estimations on the whole sample. Both

Figures show that, when heterogeneity across respondents is taken into account, our
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econometric model performs relatively well and exhibits an inverse U-shaped rela-
tionship between VPF and age like that found in previous studies — with a maximum
at € 1.7 million for single respondents and € 2.5 million for non-single respondents.
These results are in line with the literature, both in empirical models on lifetime
utility maximization (see Shepard and Zeckhauser, 1984) and in empirical estimates
of VPF (Regens 1991, Chilton et al., 1998, Johannesson et Johansson, 1996, 1997,
Krupnick et al., 2000, Vassanadumrongdee and Matsuoka 2005 or Krupnick, 2007).
The mean VPF for the whole sample is €2.15 million. For single respondents, the
curves have a similar shape with a slightly higher VPF for respondents around 45
when computed using the parameter estimates from the econometric model. When
the whole sample is considered, both curves have the same shape, although the VPF
based on the econometric model is slightly lower for younger respondents (under 42).
This is because in the original data we do not take into account preferences for chil-
dren under 18 (which are more likely in the household for respondents under 45) and

other adults of the household, which are taken into account in the econometric model.

Our results can be contrasted with existing CV surveys specific to air pollution.
Working on the same French data, the approach of Chanel et al. (2004) implicitly
considers that the respondent exhibits pure altruism and hence attributes a weight
of one to every member of his/her household. As a consequence, the average VPF
value obtained (about €0.8 million) is lower than that one obtained in this study,
as the assumption of equal weight is not supported by the data. As shown in Table
1, the parameters estimated for familial altruism («, and «y) clearly differ from
1. In a scenario eliciting health risks associated with air pollution, Chilton et al.
(2004) obtained an average VOLY of €45,000, with a decreasing trend with age, in
a sample of UK residents. Vassanadumrongdee and Matsuoka (2005) found a VPF
that ranges from €0.74 to 1.32 million when measuring Bangkok residents’ WTP to

reduce mortality risk arising from air pollution.!®.

Alberini and Chiabai (2006) estimated the WTP of an average 40-year old Ital-
ian male to reduce his risk of dying for cardiovascular and respiratory causes. The
corresponding VPF is about €2 million and “can be used to estimate the benefits
of environmental policies that reduce air pollution” (p. 11). Finally, NewExt (2004)
present to 40- to 75-year- old respondents a hypothetical scenario dealing with a mor-

tality risk of the same magnitude as that of air pollution, without any mention of

16Their hypothetical scenario specifies that the risk reduction is obtained by a medical health
check-up only and is thus not fully contextual
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air pollution itself. They found a VOLY of €52,000 (median) and €118,000 (mean)
when pooling the CV data of three European countries (France, Italy and UK).

6 Conclusion

In this paper, we propose monetary values for risk of death associated with air pollu-
tion. We do so by implementing a contingent valuation survey which involves moving
the whole household, with a choice between two cities, one less polluted than the
other but with a higher cost of living. We then ask respondents how much they
are willing to pay to move to the less polluted city. Because the scenario involves
moving the whole household, we need to take into account potential altruism towards
other household members. We therefore propose a theoretical framework aimed at
defining a VPF that disentangles monetary values associated with the risk of death
of the respondent him /herself and monetary values associated with other household

members’ risk of death.

Our results are two-fold. First, the theoretical model defines an econometric func-
tional form that reveals the (now classic) inverse U-shaped relationship between VPF
and age in the specific context of air pollution. The VPF is shown not only to de-
crease with age (as in Johannesson et Johansson, 1996; Krupnick et al., 2002, Alberini
et al., 2004), but to increase up to age 42 and then decrease, with a positive value
for the whole age range considered, i.e. from 18-year-old to 90-year-old (found for
instance in Regens 1991 or Chilton et al., 1998). Johansson (2002) argues that the
relationship between age and VPF is model-dependent, i.e. it depends on theoretical
assumptions. In that sense, our theoretical framework is not an exception. However,
relaxing the assumption of equal VOLY across respondents in Model II provides
enough flexibility to nicely match the relationship between age and VPF found in the
original data. Second, we assess a VOLY associated with air pollution risk of death
of €150,000, which translates into a VPF with a maximum of €2.5 million at age
42 with a mean of €2.15 million. This is in line with the monetary values already

available in the literature.

16



halshs-00272776, version 1 - 11 Apr 2008

References

Alberini A. and A.Chiabai (2006) “Discount Rates in Risk v. Money and Money v.
Money Tradeoffs”, NOTA DI LAVORO 8.2006, Fondazione Eni Enrico Mattei.

Alberini A., Cropper M., Krupnick A. and N. Simon (2004), “Does the value of
a statistical life vary with age and health status? Evidence from the US and

Canada”, Journal of Environmental Economics and Management 48(1), 769-
792.

Alberini A., Tonin, S., Turvani, M. and Aline Chiabai (2007) “Paying for perma-
nence: Public preferences for contaminated site cleanup”, Journal of Risk and
Uncertainty 34, 155-178.

Bergstrom, T. C. (1997), A Survey of theories of the family, In M. Rosenzweig and
O. Stark (eds.), Handbook of Population and Family Economics, North-Holland,
Amsterdam, 21-79.

Blanchard, O. (1985), “Debt, Deficits and Finite Horizons,” Journal of Political
Economy 93, 223-247.

Blomqvist, A. (2002), “Defining the value of a statistical life: a comment”, Journal
of Health Economics 21, 169-175.

Boucekkine R., D. de la Croix and O. Licandro (2002), “Vintage Human Capital,
Demographic Trends, and Endogenous Growth”, Journal of Economic Theory
104, 340-375.

Chanel, O., Cleary, S. and S. Luchini (2006), “Does Public Opinion Influence WTP?
Evidence from the Field”, Applied Economics Letters 13(136), 821-824.

Chanel O., S. Luchini, A. Paraponaris, C. Protiére and J.-C. Vergnaud (2004) “Les
consentements a payer pour des programmes de prévention sanitaire incluent-ils
de I'altruisme 7 Enseignements d’une enquéte concernant la fievre Q 7, Revue
Economique 55(5), 923-946.

Chilton S., J. Covey, L. Hopkins, M. Jones-Lee, G. Loomes, N. Pidgeon and A.
Spencer (1998), New research results on the valuation of preventing fatal road
accident casualities - in Road Accidents Great Britain 1997, The Casuality
report, the Stationnery Office, London.

17



halshs-00272776, version 1 - 11 Apr 2008

Chilton, S., Covey, J., Jones-Lee, M., Loomes, G., Metcalf, H. (2004), Valuation of
health benefits associated with reductions in air pollution, Defra publication PB
9413, May.

Cropper M.L, Aydede S.K, Portney P.R. (1994), “Preferences for saving life-saving
programs: how the public discount time and age”, The Journal of Risk and
Uncertainty 8, 243-265.

Dickie M., and V. Messman (2004), “Parental altruism and the value of avoiding
acute illness:are kids worth more than parents?”, Journal of Environmental
Economics and Management 48(3), 1146-1174.

Dreyfus, Mark K. and W. Kip Viscusi (1995), “Rates of time preference and con-
sumer valuations of automobile safety and fuel efficiency”, Journal of Law and
Economics 38(1), 79-105.

Filliger, P., Puybonnieux-Texier, V. and Schneider J. (1999), “PM10 Population
Exposure”, WHO Technical Report TEHO0S, Bern.

Fischhoff, B. (1989), “Risk: a guide to controversy”, In Improving Risk Communi-
cation, Appendiz C, National Research Council Committee, 211-319, National
Academy Press, Washington DC.

Frederick, S., Loewenstein, G. and O’Donoghue, T. (2002), “Time Discounting and
Time Preference: A Critical Review”, Journal of Economic Literature 40(2),
351-401.

Guria J., Jones W., Jones-Lee M.W., Keall M., Leung J. and Loomes G. (1999) The
values of statistical life and prevention of injuries in New Zealand. Report to

the New Zealand Transport Safety Authority.

Hammitt J. K. (2007), “Valuing Changes in Mortality Risk: Lives Saved Versus Life
Years Saved”, Review of Environmental Economics and Policy, 1(2), 228-240.

Hammitt, J.K., and J.D. Graham (1999), “Willingness to Pay for health protection?:
inadequate sensitivity to probability?”, Journal of Risk and Uncertainty 8, 33-
62.

Hirth, R. A., M. E. Chernew, E. Miller, M. Fendrick and W. G. Weissert (2000),
“Willingness to Pay for a Quality-adjusted Life Year: In Search of a Standard”,
Medical Decision Making 20(3), 332-342.

18



halshs-00272776, version 1 - 11 Apr 2008

Hoffrage, U., Lindsey, S., Hertwig, R., and Gigerenzer, G. (2000), “Communicating
statistical information”, Science 290, 2261-2262.

INSEE (1999), La Situation Démographique , Démographie-Société, Décembre.

Johannesson M. and Johansson P.-O. (1996), “To be or not to be, that is the question
: An empirical study of the WTP for an increased life expectancy at an advanced
age”, The Journal of Risk and Uncertainty 13, 163-174.

Johannesson, M., and P.-O. Johansson (1997a), “Is the valuation of a QALY gained
independent of age? Some empirical evidence”, Journal of Health Economics
16(5), 589-599.

Johannesson, M. and P.-O. Johansson (1997b), “Quality of life and the WTP for
an increased life expectancy at an advanced age”, Journal of Public Economics
65,219-28.

Johannesson M., Johansson P.-O. and Lofgren K.-G. (1997), “On the value of changes
in life expectancy: blips versus parametric changes”, The Journal of Risk and
Uncertainty 15(3), 221-239.

Johannesson, M. and D. Meltzer (1998), “Some Reflections on Cost-effectiveness
Analysis”, Health Economics 7, 1-7.

Johansson, P.O. (2001), “Is there a meaningful definition of the value of a statistical
life”, Journal of Health Economics 20, 131-139.

Johansson, P.-O. (2002), “On the Definition and Age-Dependency of the Value of a
Statistical Life”, The Journal of Risk and Uncertainty 25(3), 251-263.

Krupnick A. (2007), “Mortality-risk Valuation and Age: Stated Preference Evi-

dence”, Review of Environmental Economics and Policy, 1(2), 261-282.

Krupnick, A.; A. Alberini, M. Cropper, N. Simon, B. O’Brien, R. Goeree and M.
Heintzelman (2002),“Age, Health and the Willingness to Pay for Mortality Risk
Reductions: A Contingent Valuation Survey of Ontario Residents”, The Journal
of Risk and Uncertainty 24, 161-186.

Kiinzli, N., R. Kaiser, S. Medina, M. Studnicka, O. Chanel, M. Herry, F. Horak,
V. Puybonnieux-Texier, P. Quenel, J. Schneider, R. Seethaler, J.-C. Vergnaud

19



halshs-00272776, version 1 - 11 Apr 2008

and H. Sommer (2000), “Public-health impact of outdoor and traffic-related air
pollution: a European assessment”, Lancet 356, 795-801, Sept. 2nd.

Le Van C., M.H. Nguyen and Y. Vailakis (2007), “Equilibrium dynamics in an ag-
gregative model of capital accumulation with heterogeneous agents and elastic
labor”, Journal of Mathematical Economics 43, 287-317.

Leksell, I. and Rabl, A. (2001), “Air Pollution and Mortality: Quantification and
Valuation of Years of Life Lost”, Risk Analysis 21(5), 843-857.

Manski, C. F. (2004), “Measuring Expectations”, Econometrica 72(5), 1329-76.

NewExt (2004) Alberini, A., Hunt, A. and Markandya, A. “Willingness to Pay to
reduce Mortality Risks: Evidence from a Three-Country Contingent Valua-
tion Study”, Fondazione Eni Enrico Mattei, Note di Lavorro Series 111.2004,
September.

Ostro, B. and L. Chestnut (1998), “Assessing the Health Benefits of Reducing Par-
ticulate Matter Air Pollution in the USA”, Environmental Research section A
76, 94-106.

Pearce D. and T. Crowards (1996), “Particulate Matter and Human Health in the
United Kingdom”, Energy Policy 24(7), 609-619

Pidgeon, N. and J. Beattie (1997), “The psychology of risk and uncertainty”, In
Calow P. (Ed.), Handbook of Environmental Risk Assessment and Management
289-318, Blackwell Science, Oxford.

Regens J.L. (1991), “Measuring Environmental Benefits with Contingent Markets”,
Public Administration Review 51(2), 345-352.

Seierstad A. and K. Sydsaeter (1987), Optimal control theory with economic appli-
cations, New York, North-Holland.

Shepard D.S. et R.J. Zeckhauser (1984), “Survival versus consumption”, Management
Science 30(4), 93-142.

Slovic, P. (1987) “Perception of risk”, Science 236, 280-285.

20



halshs-00272776, version 1 - 11 Apr 2008

Sommer, H., R. Seethaler, O. Chanel, M. Herry, S. Masson, and J.-C. Vergnaud
(1999), Health Costs due to Road Traffic-related Air pollution, an Impact As-
sessment Project of Austria, France and Switzerland, Economic valuation.
WHO Technical Report TEHO7, Bern.

UK DH (1999), Economic Appraisal of the Health Effects of Air Pollution, Ad-
Hoc Group on the Economic Appraisal of the Health Effects of Air Pollution.
London: The Stationary Office.

Vassanadumrongdee S. and S. Matsuoka (2005), “Risk Perceptions and Value of a
Statistical Life for Air Pollution and Traffic Accidents: Evidence from Bangkok,
Thailand”, The Journal of Risk and Uncertainty, 30(3), 261-287.

Viscusi, K., J., Hakes and A. Carlin (1997), “Measure of Mortality Risks”, The
Journal of Risk and Uncertainty 14(3), 213-233.

Viscusi W.K., Magat W.A. and Forrest A. (1988), “Altruistic and private valuations
of risk reduction”, Journal of Policy Analysis and Management 7(2), 227-245.

21



halshs-00272776, version 1 - 11 Apr 2008

A Computation of du

This appendix presents how the du were computed, and clarifies the following wording
used in the scenario "if you take 100 persons living in LESSPOL, ONE will die before
80 because of his/her bad health due to air pollution". The superscript n is omitted,

and the following is valid for any individual of age ¢.

A Gompertz function is generally chosen to approximate the death probability of
an individual at age j: p(j) = ce%(cf Leksell et Rabl, 2001; or Johannesson et al.,
1997). Estimation on French mortality data (Insee, 1999) leads to the following (see
Figure 1):

1(5) = ce? = 0.00007345¢%081245106x%5 B2 — ) 9959 (17)

The corresponding conditional survivor function, i.e. the probability of being alive

at age t conditional on having survived until agej, is:

Sy = el Hdds= [} ectds a8)

The concept of Relative Risk is used to represent the effect of long-term air pollution
exposure on mortality. It supposes that the death rate p(j) is affected proportionally

by air pollution exposure:
pu(j) = RRuo(j) (19)

where 114(j) is the death rate that would be observed without air pollution. The
change in the death rate du that corresponds to the existence of this relative risk
between the median age in the population (35 years in 1999) and the age of 80, is
computed by solving the following:

_ —1 80 _bs 80 .obs_
e RR™! [ ceb®ds _ €f35 (cebs —dp)ds (20)

Hence: <0
Jos c€”ds[1 — RR™']

45
Particulate Matter of diameter lower than 10 pum (PM10) is used as the pollution

dp = (21)

indicator. French weighted average exposure is assessed at 23.5 pug/m?® (see Filliger et
al. 1999), in the range of the two local air pollution measuring networks (Airmaraix
for the most urban area, 28 jug/m?* and Airfobep for the most rural and industrial
part, 21 ug/m?). The level of 7.5 ug/m? constitutes the natural level that would be

observed in the absence of anthropic emissions.
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Kiinzli et al. (2000), estimated the RR of mortality due to air pollution exposure
at 1.043 for a 10 pg/m?® PMI10 variation, i.e. RR = 1 + (0.043Ac) for a Ac vari-
ation. The scale of reductions used in the survey is Ac = 23.5 — 7.5 = 16 ug/m?
for complete elimination, Ac = 8 ug/m?3 for a 50% reduction, and Ac = 4 pg/m3
for a 25% reduction. Since we consider a reduction for the succeeding-year and an
age-independent effect of air pollution exposure on death rate, the corresponding
changes in the mortality rates are, by (21), du'®=0.0008378, du8=0.0004328, and
dp*=0.0002200.

Note that the right-hand side in equation (20) allows us to compute the number
of deaths attributable to air pollution as presented in the scenario. The conditional
survivor probability Sso 35 is equal to 0.5568 before reduction, to 0.5677 for a 50%
reduction, and to 0.5781 for complete elimination. Converted to a "per 100 persons"
base, this leads to 1.09 person (rounded to one) for a 50% reduction and 2.13 persons

(rounded to two) for complete elimination.
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B Hypothetical scenario

A translation of the scenario presented to respondents and relevant to the study is

reproduced below.

« You are going to be the central character in our scenario. You will have to take

the best decision for yourself and your household.

Let’s imagine that you and your household have to move. You can choose between
two cities which are exactly equivalent in terms of inhabitants, working conditions,
schools, climate, public services, cultural life, transport, housing, surroundings, etc.
There is only one difference between them: the level of atmospheric pollution. The
first city - let’s call it POL - is as polluted as Marseilles. And the second city - let’s
call it LESSPOL - is half as polluted as Marseilles.

The problem is that the cost of living is higher in LESSPOL (the less polluted city):
housing, local tazes, public transport, etc. are more expensive. This means that if you

choose to move to LESSPOL, you will have to pay more to have the same standard
of living as in POL.

Actually, few people realize the impact of air pollution. There are three different

types of effects: pure polluting effects, irritant effects, and fatal effects.

The pure polluting effects cause a cloud of brown dust. They make buildings dirty,

so that they need to be more frequently cleaned and smell bad.

The wrritant effects cause health problems: irritated eyes, headaches, sore throats,
coughing fits, flu symptoms and even hospitalizations for respiratory and heart con-

ditions.

The fatal effects shorten life. If you are exposed for several years to a high level of
air pollution, you will be less healthy, and you will die earlier. If you take 100 people
living in LESSPOL, ONE will die before 80 because of his/her poor health related to
low air quality. This person will have lost around 10 years of life. If these 100 people
live in POL, TWO of them will die. We can hence say that 1 person per 100 can live
10 years more by living in LESSPOL rather than in POL.

We would like to know how much you would be willing to pay per month for you
and your household to move to LESSPOL (the less polluted city) rather than to POL

24



halshs-00272776, version 1 - 11 Apr 2008

(the town as polluted as Marseilles). Do not forget that this money will be drawn
from your household’s budget! You will therefore have less money at the end of the

month. »
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C Sample characteristics

Variable Description Mean

(sd)

Sex Gender (Male=1) .445
(.497)

NPers Number of persons 2,776
in the household (1.441)

NMinors Number of minors 0.562
in the household (0.953)
Age Age of the respondent 38.134
(years) (17.52)
HHincome  Monthly household 1616.87

income (€) (1259.21)

Edul Primary-level 407
education (=1) (.491)

Edu2 Senior high school 215
education level (=1) (.411)

Edu3 University-level 378
education (=1) (.485)

BadQuali Respondent says that the air quality where .165
they reside is lower than Marseilles (=1) (.372)

HealthImp  Respondent declares caring .698
about his/her health (=1) (.459)

Hab Respondent changes habits during 294
highly polluted days (=1) (.456)

FreshAir Respondent declares going regularly .626
in the countryside to breath pure air (=1) (.484)

Sport Respondent’s level of sport 1.556
activities from 0 (none) to 3 (regular) (1.221)

AirPur Respondent declares possessing 017
an air purifier (=1) (.132)

OrgFood Respondent declares regular consumption of 171
organic food (=1) (.376)

RCinter Respondent has been interviewed in 273
Regional Council (=1) (.445)

CurHealth  Self-reported current state of health 6.307
visual analog scale (from 0 to 10) (2.11)

Health75 Self-reported expected state of health at 4.220
age 75, visual analog scale (from 0 to 10) (2.95)
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