
Paying for permanence: Public preferences
for contaminated site cleanup

Anna Alberini & Stefania Tonin &

Margherita Turvani & Aline Chiabai

Published online: 16 March 2007
# Springer Science + Business Media, LLC 2007

Abstract We use conjoint choice questions to investigate the preferences of people
in four cities in Italy for income and future/permanent mortality risk reductions
delivered by contaminated site remediation policies. The VSL is €5.6 million for an
immediate risk reduction. If the risk reduction takes place 20 years from now, the
implied VSL is €1.26 million. Respondents’ implicit discount rate is 7%. The VSL
depends on respondent characteristics, familiarity with contaminated sites, concern
about the health effects of exposure to toxicants, having a family member with
cancer, perceived usefulness of public programs and beliefs about the goals of
government remediation programs.
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When setting cleanup standards or examining public programs that address
hazardous waste sites, such as the U.S. Superfund program, it is useful to compare
the (monetized) value of permanent reductions in the risks to human health with the
costs of treating contaminated soil, groundwater and surface water. Doing so
requires finding out how much the beneficiaries of these risk reductions are willing
to pay to obtain them.
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Because contaminated sites often entail exposure to carcinogens and other
toxicants with long-term effects on health, remediation must be paid for now but the
reductions in risks to human health are accrued in the future. It is thus of interest to
find out if the willingness to pay for risk reductions is affected by such a delay
(“lag”), and if so, by how much.

This paper focuses on the risks of dying associated with exposure to contaminants
at hazardous waste sites. We use conjoint choice questions (Hanley et al. 2001) to
study people’s preferences for delayed and permanent risk reductions, such as those
delivered by permanent remediation, as opposed to those delivered by contaminant
containment mechanisms, such as capping and fencing a site, or land use restrictions.
We survey a sample selected to be representative of the residents of four cities in
Italy with significant contaminated site problems.

We ask three related questions. First, how much are people willing to pay for each
unit of mortality risk reduction? In other words, what is the public’s Value of a
Statistical Life (VSL) that should be used for computing the benefits of
contaminated site policies that save lives? Second, do people favor permanent
cleanup policies, and are they willing to pay more for risk reductions that continue to
occur for longer periods of time? Third, what is the effect on Willingness to Pay
(WTP) of delaying the beginning of the mortality risk reductions?

Although the concept of VSL is reasonably well accepted in academic and policy
circles, and the VSL has been estimated using a variety of approaches, there is
surprisingly little empirical evidence about what VSL should be used in the context
of contaminated site remediation. Using the hedonic pricing approach with homes in
Grand Rapids, Michigan, Gayer et al. estimate the value of a statistical case of
cancer to be $3.9–$4.6 million (1996 dollars) (2000) or $4.3–$8.3 million (2002).
These values rely on specific assumptions about people’s subjectively assessed risks
and about how they change in response to the release of information by the agency.

There is reason to believe that people may value reductions in the risk of dying
for causes associated with exposures to pollutants at contaminated sites differently
than the risk of dying for other causes. The cancers and severe chronic diseases
leading to death are presumably accompanied by a high level of dread, which may
arise from, or be correlated with, the morbidity, pain and suffering preceding death,
and the involuntariness of the risks, for whose existence people may blame other
entities—e.g., corporations when the polluted site is an industrial plant, the
government when the polluted site is a military installation (Fischhoff et al. 1978;
McDaniels et al. 1992; Cropper et al. 1991, 1992). If the WTP for reductions in the
health risks due to contaminated site exposures reflect such perceptions, it may be
inappropriate to estimate the mortality benefits of cleanup by applying the WTP for
risk reductions inferred from other, and completely different, contexts, such as
workers’ wage-risk tradeoffs (Viscusi 1993; Viscusi and Aldy 2003) or purchases and
use of auto safety equipment (Blomquist 1979; Andersson 2005). Recent research
(Chilton et al. 2002; Tsuge et al. 2005; Vassanadumrongdee and Matsuoka 2005) has
examined the effects of risk perceptions (such as dread, degree of voluntariness, etc.)
on the value of reducing these risks, but results are mixed and their implications for
hazardous waste site risks unclear.

For these reasons, we use a stated-preference approach to elicit the tradeoffs that
people make between income and risk reductions in the hazardous waste site
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context.1 Specifically, we showed people pairs of hypothetical public programs
described by five attributes—the annual risk reduction afforded by the program, the
size of the population living in the area with the contaminated sites that would be
addressed by the program, how soon such risk reductions would be observed, the
number of years over which the risk reduction would be observed (and hence lives
would be saved), and the cost to the taxpayer. We then asked them to indicate which
they would prefer out of these two programs, and then again which they would
prefer, program A, B, or neither.

Statistical modeling of the responses to these choice questions allows us to
estimate the VSL—the first of our research questions. In addition, it allows us to
answer two related questions: In the context of contaminated site policies, is the VSL
affected by the individual characteristics of the respondent? Are the responses to the
choice questions and the implied WTP figures internally valid, in the sense that they
depend in predictable ways on variables suggested by economic theory and confirm
opinions expressed by the respondent elsewhere in the questionnaire?

Because the time it takes before lives are saved and the number of years over
which lives would be saved are varied to the respondents, the responses to the
conjoint choice questions can be used to estimate the rate at which people discount
future risk reductions. Were such a rate found to be low, we would conclude that
people care for permanent risk reductions, and that their WTP for risk reductions is
little affected by the lag until the risk reductions are incurred. The opposite
conclusions would be reached if the discount rate was found to be relatively high.
We are aware of no previous research on the valuation of permanence by the
beneficiaries of cleanup, despite the relative abundance of earlier work that looked at
the rates at which people trade off current income for future reductions in their own
risk of dying (Horowitz and Carson 1990; Moore and Viscusi 1990; Hammitt and
Liu 2004; Alberini et al. 2006a).

Finally, we note that one of the attributes of the hypothetical programs is the size
of the population living in the areas with the targeted contaminated sites. This allows
us to explore whether people care for individual risks—the target of the cleanup
decisions made by the U.S. Environmental Protection Agency under the Superfund
program, for example—or for expected lives saved. This question is of great interest
not only in the context of hazardous waste policy, but also when comparing, say, air
pollution policies, where the risk reductions are small and cover a very large
population, with other environmental policies where the risk reductions are larger
but targeted at very specific populations.

The remainder of the paper is organized as follows. In Section 1, we discuss
policies and risks at contaminated sites, present the conjoint choice experiments and
lay out the model of the responses to these questions. Section 2 describes the survey
questionnaire and the administration of the survey. Section 3 presents the data and
estimation results. Section 4 concludes.

1 DeShazo and Cameron (2005) and Itaoka et al. (2006) are other recent applications of the conjoint
choice approach to value mortality risk reductions.
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1 Risks, methods and models

1.1 Risks and hazardous waste policies

Hazardous waste site programs purport to eliminate or reduce threats to public health
and to reduce mortality risks. The VSL—the marginal rate of substitution between
income and risk—is a summary measure of the WTP to pay to reduce these risks,
and is generally deemed as the appropriate construct for ex ante policy analyses,
when the identities of the people whose lives are saved by the policy are not known
yet. The mortality benefits of a policy that saves L lives are equal to (VSL×L).

In the U.S., the Superfund statute spells out cleanup criteria to be adopted at the
most egregious contaminated sites in the nation, which are placed on the so-called
National Priorities List (NPL) and may qualify for publicly financed cleanup. The
1986 Superfund Amendments and Reauthorization Act (SARA) specifically directed
EPA managers to select target risk reductions to protect human health and meet any
“legally applicable” or “relevant and appropriate” standards (e.g., maximum
contaminant limits in groundwater), regardless of cost (Revesz and Stewart 1995).
EPA guidelines have interpreted SARA to warrant cleanup where excess lifetime
cancer risks to an individual based on reasonable maximum exposure are greater
than 10−4, and to give discretion to project managers where risks are between 10−4

and 10−6 (U.S. Environmental Protection Agency 1991).2 SARA also contains an
explicit preference for permanent remediation, as opposed to simple containment to
prevent migration of pollutant and to limit exposure. Permanent remedies are
generally more expensive, but Gupta et al. (1996) find that the EPA has indeed
heeded this preference for permanent cleanups in its remediation decisions.

Recent state programs, however, seem to be reversing this preference for
permanence. State voluntary cleanup programs, for example, offer a variety of
incentives in exchange for site cleanup, including simplified or variable cleanup
standards linked to land use, engineering and institutional controls, in place of (more
stringent) cleanups (Meyer 2000). The U.S. General Accounting Office (1997)
surveyed 17 state voluntary cleanup programs and found that over 50% of the
cleanups entailed non-permanent remedies and/or adopted industrial land use
standards.

Several European countries face similar dilemmas. In Italy, the first piece of
legislation addressing hazardous waste sites—the Waste Act—was passed in 1997
(Gazzetta Ufficiale 1997). The statute requires cleanup if the concentrations of
certain pollutants exceed the maximum contaminants limits set by the law for soil
and water. A subsequent law (Legislative Decree 152/2006) required that risk
assessments be conducted at sites where pollutants exceed the maximum
concentration limit, and that remedial plans be based on such risk assessments.
Remediation is recommended when excess lifetime cancer risk exceeds 10−5

(Gazzetta Ufficiale 2006).

2 Risk assessment procedures are spelled out in U.S. Environmental Protection Agency (1989). Also see
Walker et al. (1995).
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The Waste Act provides for only limited funding for cleanup,3 places the burden
of remediating orphan sites on the municipalities, and contains an explicit preference
for permanent remediation and for on-site treatment of contaminated media. Recent
analyses conducted by the Italian Environmental Protection Agency and environ-
mental organizations point out that the majority of actions at NPL and non-NPL
contaminated sites have, thus far, been short-term and impermanent (Agenzia per la
Protezione dell’ Ambiente e per i Servizi Tecnici (APAT) 2004; Legambiente 2005).

1.2 Conjoint choice questions

Conjoint choice experiments are a survey-based technique frequently used to place a
value on a good or estimate the benefits of a public program (see Hanley et al.
2001). The approach asks individuals what they would do under hypothetical
circumstances, rather than observing actual behaviors. An advantage of this
approach is that it is flexible and can span goods/programs, levels of risk reductions
and other aspects of environmental quality that do not currently exist.

In a conjoint choice survey, a good or public program is described in a stylized
fashion by a vector of attributes. Respondents are shown K≥2 alternative variants of
this good or program obtained by taking combinations of the possible values of the
attributes, and are asked to choose the most preferred. The alternatives differ from
one another in the levels taken by two or more of the attributes. If a “do nothing” or
status quo option is included in the choice set, choice experiments can be used to
estimate the WTP for each alternative.

We asked respondents to consider hypothetical public programs that would clean
up sites where the responsible parties are no longer in existence or do not have the
means to pay for remediation. Respondents were told that the government would be
in charge of the remediation programs, and that the programs would be guaranteed to
be effective.

The specifics of the programs are described using five attributes: (1) the risk
reduction per year, expressed as the number of lives saved per million people, (2) the
size of the population living in the areas with the contaminated sites targeted by the
program, (3) the delay until the risk reduction begins, (4) the number of years over
which the risk reduction would be observed, and (5) the cost of the program to the
respondent, which would be incurred as an immediate, and one-time, tax. Clearly,
attribute (3) gets at the heart of the latency issue, and attribute (4) captures the degree
of permanence of the risk reductions.

The respondents were shown a total of four pairs of hypothetical programs
constructed in this fashion. They were first asked to indicate which of the two
programs—A or B—they prefer, and then indicate which they would choose out of
program A, program B, or neither. This results in a total of eight conjoint choice
questions where the size of the choice set is 2 (when choosing between A and B) or
3 (when choosing between A, B, and the status quo). An example of the conjoint
choice questions is reported in the Appendix, and a summary of attributes and levels
is reported in Table 1.

3 The estimated cleanup costs for the sites on the Italian NPL are €3,149 million, but the available public
funding tops off at €541 million.
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That risk reductions will be realized no earlier than two years from now (attribute
(2) or “Delay” in Table 1) is consistent with the notion that the pollutants at most
contaminated sites are carcinogens or cause long-term health effects, and with the
fact that it takes some time to complete even the most efficient government
remediation program.4 To facilitate the respondents’ task, we held the delay the same
for all hypothetical pairs shown to a respondent, and employed a split-sample design
where half the respondents were given D=2 and the other half D=10. It is also
reasonable to assume that no remediation program can reduce risks forever: hence,
we set the duration of the risk reductions at 20, 30 or 45 years. These may be
interpreted as time to failure of the remedies. The delay and duration attributes
provide variation in the timing of the mortality risk reductions across and within
respondents, which we exploit for the purpose of estimating the rate at which people
discount future risks.

We chose a one-time tax to be incurred immediately for two reasons. First, since
risk reductions are incurred in the future, this allows U.S. to estimate the rate at
which people discount risks. Second, in focus groups and during the survey
development work, people voiced strong opinions against new taxes and against
committing to pay annual taxes over a long period of time. We certainly did not want
people to dismiss our scenarios outright, and a one-time tax was the most appealing
option. The one-time tax amounts ranged between €50 and €950.5 We chose these
bid amounts because they cover a broad range of possible VSL values: Using the
model described by equations (1) and (2) below, and assuming discount rates
between 0% and 10%, our bid amounts correspond to VSL figures ranging between
€37,000 and €11 million.6

We also vary the size of the population living in the areas with the contaminated
sites that would be addressed by the program, and hence potentially affected by the

Table 1 Attributes and attribute levels in the conjoint choice questions

Attribute Levels of the attribute

Lives saved per million people (ΔR) 10, 20, 30
Population living in the areas with the contaminated sites covered
by the program (N)

0.5 million, 1 million, 2 million

Delay (number of years until the risk reduction is incurred) (A) 2, 10
Duration of the health benefits (number of years) (T) 20, 30, 45
One-time tax payment for the respondent’s household (C) (in Euro) 50, 100, 300, 500, 950

4 In choosing delays of 2 and 10 years, we were hoping to strike a compromise between what participants
in focus groups and one-on-one surveys judged reasonable, and lag ranges used in actual policy analyses.
The EPA Science Advisory Board assumed a 20-year lag when examining the maximum contaminant limit
allowable for arsenic in drinking water (see www.house.gov/science/ets/oct04/ets_charter_100401.htm,
accessed 22 January 2006), and the model used by the U.S. Environmental Protection Agency for arsenic in
water, which is adapted from a smoking cessation lag model, predicts that the majority of the reduction in the
risk of cancer is incurred within the first five years following cessation (U.S. Environmental Protection
Agency 2003).
5 At the time of the survey (May 2005), one Euro exchanged on average for $1.25 U.S.
6 If the discount rate is assumed to be zero, our bids correspond (depending on the duration and delay) to
VSL values ranging from €37,000 to €4.750 million. If the discount rate is assumed to be 2%, the bids
correspond to VSL amounts ranging from €56,000 to €5.76 million. For a discount rate of 5%, the VSL
range is €93,000 to €7.5 million, and for a discount rate of 10%, it is €169,000 to €11 million.
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risk reductions. We chose hypothetical populations of 0.5, 1 and 2 million because
these levels were judged credible by focus group participants, especially when
compared with the total population living in areas with NPL sites (7 million; see
Section 3), and because we felt that respondents could easily form a sense of the size
of these populations by comparing them with those of the cities they live in.

We created a total of 32 sets with four pairs of programs each. We began this task
by creating all of the possible alternative programs (i.e., all possible combinations of
the levels of the attributes). We then formed all of the possible pairs, but excluded
pairs that contained dominated alternatives.7 The 32 sets we used for the survey were
obtained by selecting four pairs at random (without replacement) out of this universe
of non-dominated pairs. Respondents were randomly assigned to one of the 32 sets.

1.3 The model

We assume that in the conjoint choice questions respondents choose the alternative
with the highest indirect utility, and that the indirect utility depends on the
discounted stream of risk reductions and on residual income. Formally,

V ij ¼ a � DRþ b yi � Cij

� �
; ð1Þ

where V ij denotes the deterministic component of the indirect utility function, DR is
the discounted flow of risk reductions delivered by program j, y is income and C is
the cost of the program to the respondent. Coefficients a and b denote the marginal
utility of the discounted flow of risk reductions and the marginal utility of income,
respectively. We assume constant exponential discounting and define DR as

DR ¼ exp �δAð Þ �
ZT
0

$R � exp �δtð Þdt ¼ $R � e�δA 1� e�δT

δ

� �
; ð2Þ

where ΔR is the annual risk reduction (which is varied to the respondents but
constant over the years), δ is the discount rate, A is the number of years one must
wait before the risk reductions are observed, and T is the number of years over which
lives are saved. Expression (2) shows the effect of a delay in the beginning of the
risk reduction (captured by the term e�δA) and the effect of more or less permanent
risk reductions (captured by term in brackets).

On appending an error term eij, Eq. 1 becomes a random utility model, which in
turn results in a conditional logit model if we further assume that the error terms eij
are independent across alternatives within the same respondent and follow the
standard type I extreme value distribution. The probability that option k is selected
out of K alternatives when answering a choice question is thus

Pr kð Þ ¼ exp V ik

� �
PK
j¼1

exp V ij

� � ; ð3Þ

7 A pair has a dominated alternative if one of them is obviously better (e.g., saves more lives over a longer
period of time) and no more expensive than the other.
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and the log likelihood function of our sample is

In L ¼
Xn
i¼1

XM
m¼1

XKm

k¼1

ymik � In Pr i chooses k in question mð Þ ¼
Xn
i¼1

XM
m¼1

XKm

k¼1

ymik � In
exp V ikm

� �
PKm

j¼1
exp V ijm

� � ð4Þ

where yimk is a binary indicator that takes on a value of 1 if the respondent i selects
alternative k in choice question m, and 0 otherwise, Km is the number of the
alternatives the respondent is faced with in choice question m (so Km=2 for m=1, 3,
5, and Km=3 for m=2, 6, and 8), and M is 8, the total number of choice questions
asked of the respondent. Equation 4 thus describes a non-linear conditional logit. It
assumes that the choice responses are independent within and across respondents.

The maximum likelihood estimates of the coefficients can be used to compute the
Willingness to Pay (WTP) for any given program:

WTP ¼ ba
bb DR: ð5Þ

The VSL, i.e., the willingness to pay for a marginal risk reduction to be incurred in
the current year, is equal to ba.bb� �

.

1.4 Hypotheses

Clearly, the model described by equations (1) and (2) assumes that the VSL is
constant with respect to the size of the risk reduction and the size of the population
that would benefit from the cleanup. In other words, according to this model people
look at individual risks. In this paper, we wish to test if the VSL does indeed vary
with the number of beneficiaries of the program. To do so, we amend Eq. 1 to obtain:

V ij ¼ a1 � DR0:5 þ a2 � DR1 þ a3 � DR2 þ b yi � Cij

� �
; ð6Þ

where DR0.5=DR if the size of the population affected by the program is 0.5 million
and 0 otherwise, DR1=DR if the size of the population affected by the program is 1
million and 0 otherwise, and DR2=DR if the size of the population affected by the
program is 2 million and 0 otherwise. We then test the null hypothesis that a1=a2=a3.
Failure to reject the null implies that Eq. 6 is simplified to Eq. 1, i.e., the marginal
utility of a risk reduction is not affected by the size of the population of beneficiaries
of the program, N.

If the above null is rejected, we further wish to test the null hypothesis that a2=
2a1 and a3=2a2. This null hypothesis implies that what enters in the utility function
is the discounted number of lives saved, rather than discounted individual risk. The
indirect utility function would thus be

V ij ¼ g � Lþ b yi � Cij

� �
; ð7Þ

where L is discounted lives saved:

L ¼ exp �δAð Þ �
ZT
0

$R � N � exp �δtð Þdt ¼ $R � N � e�δR 1� e�δT

δ
: ð8Þ
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Equations 7 and 8 mean that the VSL is strictly proportional to N, the size of the
population living in the areas targeted by the hypothetical program. Equation 7 is
similar to the social net benefit of cleanup (expected number of cancers avoided,
minus cleanup cost) posited, and empirically rejected, by Viscusi and Hamilton
(1999) as the objective function for the U.S. EPA. Viscusi and Hamilton concluded
that the agency was consistent neither with its own mandate requiring exclusive
focus on maximum individual risks, nor with social efficiency.

We are also interested in testing whether the marginal utility of risk reductions
and the marginal utility of income depend on individual characteristics. To see if this
is the case, we amend Eq. 1 (or Eq. 6) to allow for heterogeneity among the
respondents.8 Specifically, we posit that the marginal utility of risk reduction for
respondent i is ai ¼ a1 þ xia2 and that the marginal utility of income is
bi ¼ b1 þ b2Pi, where xi is a vector of individual characteristics such as age,
gender, education, own health, familiarity with contaminated sites and remediation,
acceptance of government policies addressing hazardous waste sites, etc., and P is a
low-income dummy. In other words, we form interaction terms between the
arguments of Eq. 2—DR and residual income—and xi and P, respectively, and add
these interactions in the right-hand side of the indirect utility function:

V ij ¼ a1 � DRij þ DRij � xi
� �

a2 þ b1 � yi � Cij

� �þ b2 yi � Cij

� �
Pi

� 	
: ð9Þ

Finally, it is possible to replace δ with a function of individual characteristics zi of
the respondent, such as age, whether he or she is married and has young children,
etc.: δi ¼ zip.

2 Structure of the questionnaire and survey administration

Our conjoint choice questions are at the heart of our questionnaire and are
accordingly placed in the middle of the survey instrument. The questionnaire is
comprised of five sections. In Section 1 we ask people whether and how they are
acquainted with contaminated sites. Since a respondent’s notion of contaminated site
may be different from our own, we then provide the following definition: “A
contaminated site is a parcel or an area with hazardous substances that pose risks to
human health or the environment, now or in the future. These hazardous substances
are the result of human activities. Electromagnetic fields/pollution and air pollution
are not considered contaminated sites in this questionnaire.”

In Section 2, we briefly describe the problem of contaminated sites in Italy and
provide succinct information about the total population living in areas with sites on
the National Priorities List and thus potentially exposed to contaminants, current
legislation and government policies.

8 As shown below, although we find that the marginal utility of risk reduction is different for different
population sizes, in practice the VSL is constant with respect to population size. For this reason, we
incorporate covariates only in the simpler specification of the indirect utility function, allowing a and b to
vary across respondents but not across the size of population in the conjoint choice questions.
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In Section 3 we explain, using animation, how people are typically exposed to
contaminants. A list of the possible short- and long-term health effects of exposure
to certain substances follows. For example, respondents are told that heavy metals
have been linked with kidney damage, adverse effects on the neurological and
immune systems, and may cause cancer.

In sum—we continue—exposure to pollutants at or migrating from contaminated
sites can cause cancer and other serious illnesses that may be fatal. At this point, we
focus on mortality endpoints and provide an estimate of the baseline, pre-
remediation mortality risks associated with exposure to pollutants found at
contaminated sites. Specifically, respondents are told that exposures to pollutants
at contaminated sites result in 243 deaths per million people a year and that a total of
about 7 million people live in the areas with National Priorities List sites, resulting in
an estimated 1,700 deaths per year linked to contaminated site exposures.9

We use a bar chart to compare the pre-remediation risk of dying as a result of
contaminated site exposures for the populations living near such sites with the risk of
dying for other causes. These other causes include cardiovascular diseases, which
account for 4,480 deaths per million people every year; cancer, which accounts for
2,290 deaths per million people every year, and less frequent but familiar causes of
death, such as road-traffic accidents (125 in a million per year) or carbon monoxide
poisoning (35 in a million per year) (see Figure 1). For these other causes, we
displayed risks based on the mortality rates for all of Italy, assuming that road traffic
accidents, carbon monoxide poisonings and other pathologies not associated with
contaminated site exposures occur in the four cities of the survey at the same rate as
they do in the rest of the country. Respondents are subsequently tested for risk
comprehension.

Section 4 is dedicated to remediation. We provide examples of possible
remediation technologies, pointing out that they vary in terms of cost and completion
time, and that different sites and pollutants require different remedies (e.g., pump-
and-treat for groundwater, bioremediation at petroleum sites).

This is followed by the conjoint choice experiment portion of the questionnaire. A
reminder of the baseline risks is shown at the top of each screen with the pairs of
programs and the associated choice questions. Finally, we ask people to express their
agreement or disagreement with statements spelling out possible priorities for
cleanup and risk reductions. Section 5 concludes the questionnaire with the usual
sociodemographic questions.

The survey was self-administered using the computer by respondents drawn from
the general population in four cities in Italy (Venice, Milan, Bari and Naples) in May

9 We were unable to find estimates of the risks and population at risk for the sites on the Italian NPL or
other government-compiled list. We calculated an estimate of the baseline risks before cleanup by
transferring estimates of risks in other contaminated areas in Italy. Specifically, we relied on a World
Health Organization study which identifies highly industrialized and polluted areas in Italy, computes
mortality rates for men and women in these areas in 1990–1994, and compares them with those of the
surrounding regions. This study concludes that in those years the highly industrialized areas experienced
about 800 excess deaths per year (Martuzzi et al. 2002; Mitis et al. 2005). When this figure is divided by
the exposed population (3,295,380 people), we obtain an excess risk of about 243 per million, which we
posit to be our baseline risk.
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2005, for a total of 804 completed questionnaires.10 Our respondents were recruited
by a professional survey firm that maintains a database of potential respondents
reasonably representative of the population of the major Italian cities for income,
gender, age and education. Potential survey respondents were contacted by telephone
and offered a gasoline coupon worth €20 for their participation in the survey. To
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Fig. 1 Baseline risks

10 These cities were selected to ensure geographic representativeness and because each has one or more
sites on the National Priorities List. The chemical and oil refining complex of Porto Marghera in the
Venice hinterland is probably the most egregious contaminated site on the NPL, with soils, groundwater
and Lagoon sediments contaminated by polycyclic aromatic hydrocarbons (PAHs), heavy metals and
many other pollutants. The former Fibronit complex, an asbestos-processing facility, is located in
downtown Bari, while the NPL site in Naples is a closed steel mill. The Milan area has several NPL sites.
The four cities also have a number of non-NPL sites. Ideally, to ensure surveying the beneficiaries of a
cleanup program that matches as closely as possible the one in the questionnaire, we would have liked to
draw our respondents from the population living within a short distance from one or more orphan sites
(whether or not such sites are on the NPL, since the language in the questionnaire does not restrict the
program to NPL sites). Unfortunately, this was not possible for two reasons. First, the universe of
contaminated sites in the four cities is simply not made available to the general public by the National and
Regional environmental protection agencies (the Regions are jurisdictions roughly comparable for
lawmaking power and environmental programs to the States in the U.S. or the Provinces in Canada).
Second, even if we had such a comprehensive list of sites, the agencies do not disclose information about
the sites’ current ownership or orphan status. We therefore opted for the general population of the four
cities on the assumption that there are numerous sites needing remediation in those cities and that the
population density in those cities is sufficiently high so that most people live near one such site. We did,
however, ask respondents whether they were aware of a contaminated site in the neighborhood or near
work, and which parties they considered to be the beneficiaries of the program in the survey—themselves,
their families, or other people.
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avoid self-selection into the sample, prospective participants were not told what the
exact topic of the survey would be.

The sample was stratified by age, with an equal number of respondents in each of
three broad age groups (25–44, 45–54, 55–65), and was comprised of a roughly
equal number of men and women. We did not expect all respondents to be familiar
with computers, so two interviewers were present at the survey facilities at all times
to provide assistance if requested.

3 Results

3.1 The sample

Descriptive statistics of the respondents are displayed in Table 2. The split by gender
and the distribution of age in the sample are consistent with the sampling plan. The
average annual household income is approximately €27,000, which is close to, but
slightly lower than, the national average (€29,483, Banca d’Italia 2006).

Almost 50% of our sample has a high school diploma and 13.43% has a college
degree or higher education. Comparison with population statistics reveals that our
sample has a larger share of persons with high school diploma than the population,
but is similar to the population in terms of share of persons with college degree or
post-graduate education. (The population statistics are 32 and 11%, respectively.)

Regarding their familiarity with contaminated sites (shown in Table 3), 90% of
the respondents stated that they had heard about contaminated sites before (usually
on the television news). Forty-three percent of the sample indicated that they are
aware of contaminated sites near their homes or workplaces. Fully 80% of the
respondents were acquainted with the concept of cleanup, and 37% stated that they
were personally aware of previously contaminated sites that had been subsequently
cleaned up.

In Table 4 we report the respondents’ views of possible priorities for
contaminated site policies, answers to debriefing questions, and concern about
mortality risks, which we use to examine the internal validity of the responses to the

Table 2 Descriptive statistics of the respondents (N=804)

Variable description Mean Stand.
devn.

Min Max

Dummy equal to 1 if the respondent is a male 0.51 0.50 0 1
Respondent age 47.02 11.25 25 65
Dummy equal to 1 if respondent is married 0.73 0.44 0 1
Respondent is aged 25–34 (dummy) 0.19 0.39 0 1
Respondent is aged 35–44 (dummy) 0.18 0.38 0 1
Respondent is aged 45–54 (dummy) 0.29 0.46 0 1
Respondent is aged 55 or older (dummy) 0.34 0.47 0 1
Dummy equal to 1 if respondent has a college degree
or post-graduate education

0.13 0.34 0 1

Number of household members 3.26 1.17 1 8
Dummy equal to 1 if respondent has children of ages ≤15 0.28 0.45 0 1
Take-home household income 26,955 16,872 5,000 100,000

166 J Risk Uncertainty (2007) 34:155–178



conjoint choice questions. As shown in Table 4, almost 89% of the respondents
stated that it is “very important” to them personally to reduce the human health risks
posed by contaminated sites. Only 7% of the respondents indicated that they only
thought of future generations when answering the conjoint choice questions. Indeed,
the majority (76%) of the respondents thought about their own exposure, that of their
family members, of other people and of future generations, with only 2.86%
focusing exclusively on themselves and 2.99% focusing exclusively on other
people’s exposure.

Eighty percent of the respondents deemed direct government cleanup of orphan
sites very useful. Fully 40% of the sample strongly agreed that cleanups should take
place, even if their benefits are experienced only 30 years from now, and 80%
expressed strong agreement with the statement that cleanups should be as permanent
as possible, even if they cost more. At the same time, 69% of the sample deemed
policies based on fencing off and prohibiting access to contaminated sites “very
helpful.” Taken together with Table 3, these statistics suggest that most people have
at least some rudimentary information about contaminated sites and cleanup
programs, that the latter should be meaningful to them, and that they should accept
our hypothetical scenarios, which depict public remediation programs. They also
suggest that permanent remediation matters to people, but respondents are not
indiscriminately accepting of any length of futurity in the risk reductions.

Finally, about 30% of the sample reported that a family member has had or has
cancer, and 45% claimed that they do use a seatbelt when riding in the back seat of a

Table 4 Opinions on contaminated sites policies and concern about mortality risks

Variable description Percent of the sample

Respondent deems it very important to reduce the adverse effects
on human health of hazardous wastes

88.9

Respondent only thought of future generations when he answered conjoint
choice questions

7.2

Favorable to cleanup even if its benefits are experienced 30 or more years
from now

40.6

Respondent strongly agrees that remediation should be as permanent as
possible even it costs more

79.6

Respondent deems policies based on fencing off contaminated sites
and preventing access very helpful

68.5

Respondent’s family members have had cancer 30.0
Respondent uses seatbelts when travelling in the back seat of a car 45.0

N=804

Table 3 Knowledge of contaminated sites

Variable description Percent of the sample

Respondent has heard about contaminated sites before 90.0
Respondent is aware of a contaminated site near home or the workplace 43.2
Respondent has heard about cleanup of contaminated sites before 80.0
Respondent is aware of a contaminated site that has been cleaned up 36.7

N=804
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car. We interpret familiarity with cancer as a proxy for concern about this illness, and
use of seatbelts as concern for, and willingness to undertake action against, mortality
risks (albeit of a different nature than cancers and other illnesses associated with
exposures to contaminants).

3.2 Responses to the choice questions

Following Viscusi et al. (1991), we checked how many people always pick plan A in
all of the eight choice questions (87 people, or 10.82% of the sample), plan B in all
eight choice questions (60 people, for 7.46% of the sample), and exhibited
preference “reversals” in one or more choice questions (65 people, or 8.31% of
the sample). A preference reversal would be observed if, for example, when asked to
choose between A and B, the respondent states that B is the more preferred program,
and then, when asked which he prefers among A, B, and the status quo, he chooses A.

Always choosing the plan on the left or the plan on the right may well be a
legitimate response, and a “reversal” is consistent with random utility model (1) for
new draws from the distribution of the error terms at each choice question.
Respondents exhibiting these response patterns are thus not necessarily violating the
basic tenets of the random utility model, but at any rate these behaviors account for
very small fractions of the sample.

In Table 5 we examine the choice frequencies when people were given the option
to choose between program A, program B, and the status quo. The frequency of
“neither program” responses is less than 20%, suggesting that people were not
dismissing the public programs being shown to them without giving them due
consideration. The remainder are rather evenly split between program A and B,
suggesting that there were no obvious choices between the hypothetical programs.

3.3 VSL estimates

The results of the non-linear conditional logit models of the responses to the conjoint
choice questions are reported in Table 6. The indirect utility function underlying the
two logits is Eq. 7, and the two regressions differ solely for the criteria we used to
clean the sample. Model I uses the full sample, which consists of 782 respondents
and 6,256 usable observations.11 For good measure, in Model II we discard those

Table 5 Frequencies of observed responses to the question “Which would you prefer between A, B, and
neither program?”

Pairs of program Percent choose A Percent choose B Percent choose “neither”

1 42.41 37.69 19.9
2 43.66 37.81 18.53
3 42.16 40.67 17.16
4 42.79 39.05 18.16

11 A total of 804 respondents completed the questionnaire, but we discarded the choice responses of the 22
individuals who were shown a conjoint choice question screen with a typographical error in the risk
reduction.
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subjects who failed all of the four probability comprehension quizzes (N=58) and/or
exhibited reversals (N=65). The estimation results are very similar to those of Model I.

Briefly, Table 6 shows clearly that risk reductions are positively and significantly
valued by the respondents. Within a model, the estimated aj coefficients (where j
denotes the population size, ranging from half a million to 2 million) are within 10–
20% of one another. The marginal utility of income is positive and significant, and
the discount rate is pegged at 6.9%.

Wald test statistics of 66.69 (for the full sample; p-value<0.0001) and 51.09 (for
the “cleaned” sample; p-value<0.0001) reject soundly the null hypothesis that a2=
2a1 and a3=2a2, providing evidence against indirect utility (Eq. 8). Wald test
statistics of 10.02 (p-value=0.001) and 12.45 (p-value=0.0005) for the full and
“cleaned” samples, respectively, also reject the null that the marginal utility of
discounted risk reductions is the same regardless of the size of the population.

The VSL for a risk reduction to be incurred in the current year implied by the
coefficients of Model I in Table 6 is €5.547 million (standard error around the VSL
€0.806 million) when the affected population is 0.5 million, €5.996 million (s.e.
€0.929 million) when the population is 1 million, and €5.056 million (s.e. €0.840
million) when the affected population is 2 million.12 However, these three VSL
figures are not statistically different from one another, so in what follows we estimate
(non-linear) conditional logit models that restrict the marginal utility of the risk
reductions—the as—to be the same for all population sizes used in the questionnaire.

We argue that doing so should bring only negligible biases upon the estimated
VSL. The results of such a restricted model are reported in Table 7 for the full
sample. All coefficients are close to their counterparts in Table 6, and the implied

Table 6 Conjoint choice questions: Conditional logit models

Variable Model I: All data Model II: Cleaned
data (no preference
reversals, no
allwrong=1)

Coefficient t stat. Coefficient t stat.

a1(marginal utility of DR if affected population is 500,000) 0.0049 8.19 0.0045 7.104
a2(marginal utility of DR if affected population is 1,000,000) 0.0053 8.187 0.0051 7.228
a3 (marginal utility of DR if affected population is 2,000,000) 0.0044 7.85 0.0041 6.838
b (marginal utility of income) 0.0009 11.595 0.0009 11.29
δ (discount rate) 0.0689 9.542 0.0685 8.284
Log L −5,370.13 −4,558.36
N obs 6,256 5,296
N respondents 782 662

12 The VSL is here estimated as (a/b)×1 million. The multiplication by one million is necessary because
in our dataset for estimation purposes the risk reduction was coded as 10, 20, or 30, instead of 10, 20, or
30×10−6. The standard errors were computed using the delta method (described in Alberini et al. 2006b,
Appendix D).
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VSL for a risk reduction to be incurred in the current year is €5.58 million (s.e.
€0.771 million).13

3.4 Implications for latency and permanence

As shown in Table 7, the discount rate in the simplified model is 7.41%. This figure
is significantly different from zero, suggesting that our respondents do indeed
discount risk reductions that occur in the future. This estimate of the discount rate is
reasonable, but not too low, confirming that a unit of risk reduction is valued less if it
occurs in the future, and suggesting that people care about permanence, but not at
any cost. Our respondents discount future risk reductions at a rate that is well within
the range estimated in earlier studies (typically 1–14%; see Alberini et al. 2006a).

The implications of a discount rate of this magnitude can be illustrated in several
ways. For example, for a risk reduction of 1 in a million in the current year, the VSL
is €5.6 million, but if this risk reduction were to be incurred in 10 years, the
applicable VSL would be €2.66 million (s.e. around the VSL €0.296 million), and if
it were to be incurred 20 years from now—the lag used in analyses of arsenic
maximum contaminant limits in drinking water—the applicable VSL would fall to
only €1.26 million (s.e. €0.158 million). This is because a one-time risk reduction of
one in a million a year occurring 10 years from now is equivalent to an immediate,
one-time risk reduction of 0.4766 in a million. The same one-in-a-million risk

13 We cross-validated these estimates by re-estimating the model after dropping one observation at the
time. The “jackknife” mean VSL over these replications was €5.583 million and the standard deviation of
the distribution of the VSL estimates, which serve as robust standard error around the estimate of the VSL,
is €1.08 million. The estimates of the VSL and the discount rate are robust to, among other things, (1)
restricting the sample to the responses to the questions where the choice set includes the status quo (VSL=
€6.065 mill., s.e. 1.136 mill., δ=6.24%); (2) omitting the responses to the choice questions about the first
pair of programs (VSL=€5.000 mill., s.e. 0.810 mill., δ=7.0%); (3) using only the four responses to the
questions about the third and fourth pair of programs (VSL=€5.250 mill., s.e. 1.030 mill., δ=7.1%), (4)
using only the two responses to the last pair of programs (VSL=€5.780 mill., s.e. 1.390 mill., δ=8.4%),
(5) dropping the responses to questions about plans with cost equal to €50 or €100 (VSL=5.141 mill., s.e.
1.371 mill., δ=6.6%), (6) excluding people who exhibited preference reversals (5,736 obs., VSL=€5.160
mill., s.e. 0.745 mill., δ=7.4%), (7) excluding people who failed the mathematical/cognitive quiz (5792
obs, VSL=€5.250 mill., s.e. 0.750 mill., δ=7.2%, and (8) excluding those who exhibited a “reversal” and
those who failed the cognitive quiz (5,296 obs, VSL=€4.870 mill., s.e. 0.740 mill., δ=7.2%). The VSL
does fall a bit if we (9) exclude the responses to questions where one or both of the plan cost €950, the
largest bid used in this survey. The purpose of (2), (3), (4), (6), (7) and (8) is to check for possible
learning, fatigue or other survey response effects that might alter the preferences for income and risk
reduction over the course of the survey, and possible “anchoring” effects to the cost of the program (see
Carlsson and Martinsson 2006, for a discussion of the potential of such effects in conjoint choice
experiments, and Ladenburg and Olsen 2006, for an empirical investigation).

Variable coefficient t stat.

a (marginal utility of DR) 0.0050 8.38
b (marginal utility of income) 0.0009 12.36
δ (discount rate) 0.0741 9.82
Log L −5,369.20

Table 7 Non-linear conditional
logit model

Full sample (N obs=6,256,
Number of respondents=782)
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reduction occurring 20 years from now is equivalent to an immediate, one-time risk
reduction of 0.2272 in a million.

As a second example, consider a program that delivers an annual risk reduction of
ten in a million, and begins in 2 years. If the risk reduction were to continue for
10 years, the typical respondent’s one-time WTP would be €340. This would
increase to €502 if the duration of the program doubled, €579 if it lasted 30 years,
€616 if it lasted 40 years, and €626 if it lasted 45 years. Clearly, the WTP is less than
proportional to the duration of the program (and to total nominal—undiscounted—
risk reduction).

3.5 The effect of individual characteristics

The results from the model with individual-specific marginal utilities of risk
reduction, income and discount rates are displayed in Table 8. We remind the reader
that these results refer to Eq. 9, which posits that the VSL is “individuated”
(Sunstein 2004), but constant with respect to the size of the population living in the
areas with the sites that would be affected by the hypothetical policy.

Table 8 presents two alternative specifications. In both specifications the low-
income dummy takes on a value of 1 if the respondent’s income is below the sample
average, and zero otherwise. Clearly, in both specifications people with income
below the sample average have a higher marginal utility of income, which is
consistent with prescriptions from economic theory.14

Turning to the marginal utility of risk reductions, Table 8, specification (A),
shows that males value risk reductions more highly, all else the same, but that having
a college degree does not imply a statistically different marginal utility of risk
reductions. Likewise, the a coefficients on age group dummies are insignificant.

In our sample men and women were just as likely to have a college degree and
had similar household incomes and ages, so the positive coefficient on the male
dummy is unlikely to be an econometric artifact due to correlation between gender
and other individual characteristics. If respondents replaced the baseline pre-
remediation risks stated to them in the surveys with their perceived risks, and the
latter were higher for males, then males might place a higher value on risk
reductions.

However, earlier literature on risk perceptions has found that males tend to have a
lower dread of certain risks (including cancer) and that dread correlates well with
perceived exposure (Savage 1993). Davidson and Freudenburg (1996) found that for
most environmental risks, except for those associated with nuclear or radioactive
waste (not covered in this survey), men and women have similar risk perceptions.
Hakes and Viscusi (2004) found that men’s estimates of the number of deaths for
certain causes in the U.S. are higher than women’s for more frequent causes of
death, including heart diseases and cancer.

If Hakes and Viscusi’s findings are applicable to Italian men, this would imply, if
anything, that men might overstate the competing risks of death (i.e., the risk of

14 We experimented with different ways of constructing the low income dummies (for example, a low-
income person is one with annual household income less than €15,000, which corresponds to about a
quarter of the sample), and found that the results are qualitatively robust to these changes.
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dying for all causes other than those associated with contaminated site exposures),
which would reduce, not raise, their VSL for the mortality risks valued here
(Eeckhoudt and Hammitt 2001). Given the ages and relative good health of the
people we survey, this effect would, however, be small. We speculate that men have
a higher WTP for a given risk reduction simply because they feel freer than women
in (hypothetically) committing household resources. This speculation is corroborated
by the fact that 44% of the women in our sample are homemakers.

Surprisingly, persons who told us they knew about contaminated sites in their
neighborhood or near their workplace and persons who care about the health effects
of exposure to contaminants appear to value risk reductions less than the other
respondents. Perhaps the former effect is due to the fact that familiarity with

Table 8 Non-linear conditional logit with individual-specific marginal utility of risk reduction, income
and discount rate

Variable Specification (A) Specification (B)

Coefficient t stat. Coefficient t stat.

Marginal utility of DR
a1 0.003704 3.168 0.003753 3.243
Aware of nearby contaminated site (dummy) −0.00092 −2.271 −0.00097 −2.271
Important to reduce health risks from cont. sites (dummy) −0.00199 −2.559 −0.00033 −0.658
College degree (dummy) −0.00038 −0.764 0.000416 1.146
Aware of nearby contaminated site that has been cleaned
up (dummy)

0.000433 1.206 −0.00207 −1.623

Age 55 and older (dummy) −0.00137 −1.194 −0.00175 −1.307
Age 45–54 (dummy) −0.00111 −0.976 −0.00296 −2.348
Age 35–44 (dummy) −0.00178 −1.469 0.002212 2.617
Male (dummy) 0.002868 3.314 0.003753 3.243
Policies based on fencing off cont. sites and preventing
access very helpful (dummy)

−0.00102 −2.485

Government remediation of orphan sites very helpful
(dummy)

0.001959 3.704

A family member has or has had cancer (dummy) 0.002955 2.800 0.003762 3.038
Uses seatbelts when in the back seat of car (dummy) 0.002242 5.221 0.002149 4.982
Marginal utility of income
b (marginal utility of income) 0.00063 6.122 0.00062 6.080
b ×Dummy equal to 1 if household income is below
sample average

0.00044 3.865 0.00044 3.822

Discount rate
δ 0.091449 5.326 0.075871 4.714
Children younger than 15 (dummy) −0.00988 −1.988 −0.00566 −1.074
Married (dummy) 0.010502 1.972 0.006053 1.079
In strong agreement that remediation should be as
permanent as possible even if it costs more (dummy)

−0.0351 −4.130

Favorable to cleanup even if benefits are experienced
30 or more years from now (dummy)

0.005837 1.253

Respondent thought only of future generations in answering
the conjoint choice questions (dummy)

−0.0066 −0.834

Male (dummy) 0.017756 1.672 0.006907 0.591
Age 55 and older (dummy) −0.01859 −1.282 −0.02219 −1.345
Age 45–54 (dummy) −0.02879 −2.003 −0.0319 −1.832
Age 35–44 (dummy) −0.02214 −1.399 −0.03768 −2.312
A family member has or has had cancer (dummy) 0.025818 2.164 0.035177 2.646
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contaminated sites reduces the perceived severity of risk. Alternatively, it is possible
that people may have self-selected into areas with contaminated sites, so that the
negative sign captures the fact that people living close to such sites are less bothered
by their presence. We do not have a good explanation for why people who worry
about the health risks of contaminants should value risk reductions less highly.15 At
any rate, both effects are sizeable: They lower the VSL by €0.850 million and
€1.860 million for a respondent with relatively low income.

We conjectured that acceptance of government contaminated site remediation
programs should affect the marginal utility of risk reductions, and ultimately the
WTP for the program, and indeed these expectations are borne out in the data.
Respondents who believe that the government should take care of orphan sites value
the risk reductions and the program more highly than the other respondents, whereas
people who deem it “very useful” to fence and prohibit access to contaminated sites
are willing to pay less, all else the same. Perhaps doing so is judged sufficient to
reduce risks, so that no additional long-term remediation is deemed necessary. For a
lower-income person, holding such an opinion lowers the VSL by €0.950 million.

Finally, respondents whose family members have had cancer and respondents
who profess to use seatbelts when they travel in the back seat of a car—which we
interpret as indicating concern about mortality risks—value risk reductions more
highly. The corresponding increases in WTP for a less wealthy person are €2.76
million and €2.09 million, respectively.

Regarding the determinants of the personal discount rates, we find that, all else
the same, discount rates are 1 percentage point lower for persons with young
children, 1 percentage point higher for married persons, and almost 3 percentage
points lower among people of ages 45–54. They are also 1.8 percentage points
higher for males, but this effect is statistically significant only at the 10%
significance level, whereas the abovelisted associations are all significant at the
5% level or better.

That people are internally consistent is confirmed by the fact that the discount rate
is 3.5 percentage points lower for those persons who strongly agree with the
statement that remediation should be as permanent as possible, even if it costs more.
By contrast, the coefficient on a dummy capturing whether the respondent favors
remediation even if its benefits are experienced 30 or more years from now and that
on a dummy capturing sole concern for future generations as a driver of the
responses to the conjoint choice questions are not statistically significant. Finally,
people whose family members have had cancer tend to have significantly higher
discount rates (by about 2.6 percentage points).

In specification (B), we re-estimate the model after dropping all variables
capturing the subjectively assessed effectiveness of the policy, opinions on policy
priorities and survey debriefs. This specification thus focuses on individual
characteristics of the respondents, plus knowledge of contaminated sites and concern
for cancer and road safety. This specification confirms that people’s marginal utility

15 We conjectured that such a negative coefficient might reflect the negative correlation between
importance given to the health effects of exposure and the educational attainment of the respondent, but
found that the correlation coefficient between the former variable and having a college degree is very low
(−0.07). We conclude that this is an unlikely explanation.
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of risk reductions, and thus the WTP for a marginal risk reduction, is lower among
people that are aware of contaminated sites and announce that they are very
concerned about them. As in (A), males, people with family members with cancer
and persons who use a seatbelt when riding in the back seat of a car value risk
reductions more highly. This time, however, age does matter, in that the marginal
utility of risk reduction is significantly lower among younger respondents. The
results in terms of the determinants of the discount rate are similar to those for
specification (A).

4 Discussion and conclusions

We have deployed conjoint choice questions to investigate the tradeoffs people are
prepared to make between income and mortality risk reductions delivered by
contaminated site remediation programs. Our survey questionnaire was designed to
investigate the value that people place on permanent risk reductions, and to assess
the effect of lag (or latency), i.e., people pay now, but the risk reduction is incurred
in the future. The questionnaire was self-administered using the computer by
residents of four Italian cities with serious contaminated site problems.

We find that people are willing to pay for permanence, but not just any price. We
estimate the VSL for an immediate risk reduction over the current year to be about
€5.6 million, a figure that does not vary significantly with the size of the population
that would be affected by the policy, suggesting that people’s preferences were
driven primarily by individual risks, rather than the expected number of lives saved
by the hypothetical policy. Taken together with the evidence that the number of years
over which the risk reductions would be realized matters, this suggests that people’s
preferences appear to be similar to the target risk reduction practice of environmental
protection agencies in the U.S. and (more recently) Italy, which emphasize
individual lifetime risks.

The VSL obtained in this study—€5.6 million—is in the ballpark of the values of
a statistical case of cancer derived by Gayer et al. (2000, 2002) under alternate
assumptions about how individuals form and update their priors about risks.
Specifically, Gayer et al. (2000) find that a reduction of individual cancer risk by
1.81E-06 after the Remedial Investigation results in an implied value of a statistical
case of cancer between $3.9 and $4.6 million. Assuming that the conditional
mortality for cancer is 70% (see below) and adjusting to 2005 dollars yields a VSL
of $6.7–$7.9 million.

Our estimate—€5.6 million—is also very close to the VSL figure ($6.1 million,
1999 dollars) used by the U.S. EPA in its policy analyses (U.S. Environmental
Protection Agency 2000) and higher than that used by the European Commission
(whether or not a 40% cancer premium is added).16 Our €5.6 million lies on the high
end of the range of VSL found by Alberini and Chiabai (2007) in a previous CV
study of Italians, where attention was restricted to the risk of dying for
cardiovascular and respiratory causes, the risk reduction was private and there was
no mention of environmental circumstances.

16 See http://europa.eu.int/comm/environment/enveco/others/recommended_interim_values.pdf.
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However, the VSL is lower if the risk reduction occurs in the future. Since people
discount future risk reductions at a rate of 7.41%, for a risk reduction occurring
exactly 20 years from now, for example, we estimate our respondents’ VSL to be
only €1.27 million.

We find evidence that the VSL is individuated, in that it depends on observable
individual characteristics, either directly (e.g., age and gender) or via the marginal
utility of income. It also depends on familiarity with contaminated sites, concern
about the health effects of exposure to contaminants, and direct experience with
cancer. In the broader specification of the econometric model, the VSL also depends
on what the respondent thinks the goals of a remediation program should be, and on
which government actions he or she deems appropriate.

The results of this study could be used in benefit-cost analyses of Superfund-like
programs.We perform an illustrative benefit-cost analysis for a 43-hectare operating
unit within the broader NPL site at Marghera, near Venice, Italy. In this operating
unit—a former industrial waste dump owned by the City of Venice—soil and
groundwater are heavily contaminated with PAHs, heavy metals, and many other
toxicants (Patassini et al. 2003, 2005).

We focus on contaminated soil, restrict attention to capping (the least permanent
of remedies) and to excavation and removal of soil (the most permanent and
expensive), and assume reuse for residential purposes. Based on Patassini et al.’s
estimate of excess lifetime cancer risks (4.78E-03) and a conservative assumption of
70% conditional mortality,17 the annual mortality risk for residents is 4.54E-05.
Assuming that risk reductions would begin 10 years from now and that the exposed
population is 30,000 (Regione del Veneto and Comune di Venezia 2004), a
permanent remedy like excavation and removal of the contaminated soil would
require at least an 87% risk reduction for the mortality benefits to exceed the cost of
remediation (€45.589 million).18 By contrast, capping, which is estimated to cost
about €5 million, results in positive net benefits even for 20% reductions from the
baseline risk, even if the lifetime of the cap was only 10 years.

Of course, these are conservative estimates of the benefits of cleanup that omit
other categories of benefits and other portions of the NPL site. Yet, they sound a
common theme with Gayer et al. (2000), whose upper bound measure of welfare
benefits of $10.1 million for reducing cancer risks is smaller than EPA’s estimated
total costs of remediation for the areas of investigation ($56.8 million). By contrast,
less permanent measures such as fencing and deed restrictions cost about $5.4
million and result in positive net benefits.
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17 This rate is for the 1980s, the most recent period for which estimates are available (see http://www.
istitutotumori.mi.it/menuistituto/diparclinici/epidemiologia, and Verdecchia et al. 2001).
18 These calculations assume that the risk reductions would last 45 years. Patassini et al. suggest that
excavation and removal of the contaminated soil affords a 95% risk reduction. This would imply benefits
for €49 million, whereas the cost of the remedy is €45 million.
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