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Abstract We report stated-preference estimates of the value per statistical life (VSL) for
Kuwaiti citizens obtained using an innovative test to identify respondents whose survey
responses are consistentwith economic theory. The consistency test requires that an individual
report strictly positive willingness to pay (WTP) for mortality-risk reduction and that his
responses to binary-choice valuation questions for two risk reductions be consistent with the
theoretical requirement that WTP is less than but close to proportional to the change in risk
reduction. Our estimates of VSL, $18–32 million, are approximately two to four times larger
than values accepted for the United States. These values may reflect cultural factors as well
as the substantially larger disposable income of Kuwaiti citizens.

Keywords Value per statistical life · Stated preference · Willingness to pay · Muslim ·
Middle East · Arab

1 Introduction

The monetary value of a small reduction in mortality risk—the value per statistical life
(VSL)—has been estimated by well over one hundred studies. The majority of studies have
been conducted in the United States and other high-incomeWestern countries, although a few
have been conducted in lower-income Asian and Latin American countries. We are aware of
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no published estimates for a Middle Eastern, Arab, or Muslim population. We begin to fill
that gap by reporting estimates from a study of Kuwaiti citizens.

Estimates of VSL are obtained using either revealed- or stated-preference methods (see
Viscusi and Aldy 2003 and Lindhjem et al. 2011 for reviews). Revealed-preference methods
have the advantage of relying on choices, such as of employment, with actual mortality
risk and financial consequences. A disadvantage is that the researcher does not know what
alternatives and information the individual considered. Stated-preference methods have the
advantage that the researcher can control the alternatives and information presented to the
individual, but the disadvantage that the individual faces little consequence from his response
and has less incentive to choose carefully. In addition, some respondentsmay refuse to answer
the question or may provide answers that are not responsive; e.g., an individual who values
the intervention may nevertheless state that his WTP is zero because he believes someone
else should pay for it (a phenomenon called scenario rejection).

A problem with stated-preference studies of health risk is that responses often exhibit
inadequate sensitivity to risk reduction. This is an example of the problem of inadequate
sensitivity to scope that has received much attention in the literature (see Hausman 2012 and
Kling et al. 2012 for recent perspectives). In theory (developed in Sect. 2), an individual’s
willingness to pay (WTP) for a small reduction in mortality risk should be strictly positive
and nearly proportional to the magnitude of the risk reduction; i.e., he should be willing to
pay almost three times as much to reduce current-year mortality risk by 3 in 10,000 as by 1 in
10,000 (Hammitt 2000). While some stated-preference studies find this degree of sensitivity
(e.g., Corso et al. 2001; Hammitt and Haninger 2010), many others do not (e.g., Hammitt and
Graham 1999; Alberini et al. 2004). When estimatedWTP is not approximately proportional
to the risk reduction, the inferred VSL is highly sensitive to the size of the risk reduction,
which is inconsistent with the standard economic model of preferences.

One reason for the inadequate sensitivity of elicited WTP to risk reduction is that individ-
uals may not understand the magnitude of a small risk change. Another is that respondents
may be valuing not the risk reduction stated in the survey, but the personal risk reduction
they perceive would be provided by the intervention described in the survey. The perceived
risk reduction is informed by combining the risk reduction stated in the survey with prior
beliefs and other information about the likely personal efficacy of the intervention (Viscusi
1985, 1989).

Several methods have been used to enhance the sensitivity of elicited WTP to risk reduc-
tion. Studies often provide training to respondents in understanding the risk change and
valuation questions. In some cases, individuals whose responses to training questions sug-
gest inadequate comprehension (such as choosing a dominated alternative) are excluded from
the sample used for estimation (e.g., Alberini et al. 2004). Visual aids and verbal analogies
for communicating small risk changes have been developed and tested, with some visual
aids showing significant effects (Hammitt and Graham 1999; Corso et al. 2001). Cherry
et al. (2003) found that respondents who participated in an experimental auction for an unre-
lated good improved performance on a subsequent stated-preference survey. Andersson and
Svensson (2008) found that performance on a simple intelligence test could be used to predict
which respondents provided answers that showed appropriate sensitivity to scope.

In this study, we include training questions, tests for comprehension and for rejection of
the scenario, and visual aids. In addition, we incorporate an innovative consistency test.
We ask each respondent to value two risk reductions, from which we determine which
respondents’ answers are consistent with strictly positive WTP and appropriate sensitivity to
risk magnitude. We include only respondents whose answers to the valuation questions are
clearly consistent with economic theory and estimate VSL using only the first valuation ques-
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tion for each respondent. Hence we use within-respondent information to determine which
respondents provided answers plausibly consistent with the valuation task but our empirical
estimates of the effect of the magnitude of risk reduction on WTP reflect purely between-
respondent variation (i.e., they constitute an “external” or between-respondent scope test,
Mitchell and Carson 1989). Consistency with economic theory provides a necessary but not
sufficient condition for the validity of the responses; e.g., even if respondents do not have a
good understanding of the magnitudes of the risk changes or of their valuations (and hence
do not provide valid information about WTP), they may recognize that their WTP for the
second risk reduction should bear a logical relationship to their response to the first question
and thus exhibit ‘coherent arbitrariness’ (Ariely et al. 2003). We examine the sensitivity of
our results to including respondents who fail our consistency test and to using the results of
both valuation questions for each respondent.

As this is the first stated-preference study of VSL conducted in a Muslim population, we
face the additional challenge that some Muslims may take a fatalistic perspective toward
mortality, believing their time of death is in the hands of Allah. To encourage respondents to
take the valuation task seriously, we first ask about their fatalistic beliefs, measures they take
to reduce mortality risk, and their perceptions of the efficacy of these measures.

The paper is organized as follows. In Sect. 2, we explain our consistency test. In Sect. 3,
we describe the survey instrument. Section 4 describes how the sample was selected and the
survey administered. Section 5 describes the results, including characteristics of the overall
sample and the subsample selected by our consistency test, and estimates of VSL. Section 6
concludes.

2 Consistency Test

We elicit WTP to reduce current-year mortality risk using binary-choice questions. Binary-
choice questions are viewed as incentive-compatible (because truth telling is a dominant
strategy) and are cognitively easier than open-ended questions that ask a respondent to state
his maximumWTP. A disadvantage is that binary-choice questions provide only a bound on
the respondent’s WTP. If the respondent indicates he would purchase the risk reduction at
the stated price, the price is a lower bound on his WTP; if he indicates he would not purchase
it, the price is an upper bound.

Each respondent values two risk reductions: in one, he is offered an intervention to reduce
his risk of dying this year by 1/10,000 at a price P; in the other, the risk reduction is 3/10,000
and the price is 3P . The order of questions is randomized; approximately half the respondents
value the smaller risk reduction first and half value the larger risk reduction first. The price
P is randomly varied across respondents.

Under conventional economic theory, WTP for a risk reduction of 3/10,000 should be
slightly smaller than three times WTP for a risk reduction of 1/10,000 (the acceptable devi-
ation from proportionality is quantified below). LetWTP1 andWTP3 denote an individual’s
WTP for the 1/10,000 and 3/10,000 risk reductions, respectively. Two patterns of responses
are clearly consistent with theory:1 YY (WTP1 > P andWTP3 > 3P) and NN (WTP1 < P
and WTP3 < 3P). The pattern NY (WTP1 < P and WTP3 > 3P) implies that WTP is
more than proportional to risk reduction, which violates conventional theory. The remaining

1 Response-pattern labels YY, NN, YN, and NY denote responses yes (would purchase the intervention)
or no (would not purchase) for the smaller and larger risk reductions, respectively, regardless of the order in
which the questions were asked.
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pattern YN (WTP1 > P and WTP3 < 3P) is consistent with theory if WTP1 and WTP3 are
sufficiently close to P and 3P , respectively, and inconsistent otherwise. We classify individ-
uals whose responses fit this pattern as failing to satisfy our consistency test. Hence, only
respondents whose answers exhibit the YY or NN pattern satisfy our consistency test.2

Note that an individual whose WTP is zero for both risk reductions will respond NN.
Under conventional theory, WTP is strictly positive and hence a respondent who reports zero
WTP reveals either preferences that are inconsistent with theory or rejection of the scenario
provided in the survey. To identify these respondents, we include an open-ended follow-up
question for the second risk reduction; individuals who report zero WTP fail the consistency
test.

The logic of our consistency test is illustrated by Fig. 1. The figure shows an indifference
curve between current-year income y and current-year survival probability s. VSL is defined
as the marginal rate of substitution of y for s, i.e., (minus one times) the slope of the indiffer-
ence curve. Beginning at the initial point (s0, y0), v1 is theWTP to reduce risk by the amount
r1(= s1 − s0). It satisfies

v1 = r1 V SLa (1)

where V SLa is minus the slope of the indifference curve somewhere between the initial
point (s0, y0) and the terminal point (s1, y1). Similarly, v2, the WTP for an additional risk
reduction r2, satisfies

v2 = r2 V SLb (2)

where V SLb is minus the slope of the indifference curve somewhere between (s1, y1) and
(s2, y2).

2 Note that consistency with theory is a sufficient but not necessary condition for responses YY or NN. For
example, a respondent might value the two risk reductions equally; if this common value is greater than the
prices offered for both risk reductions, he would respond YY.
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Our consistency test compares the ratio betweenWTPamounts for different risk reductions
beginning at the same point with the ratio of risk reductions. Specifically, we compare the
WTP ratio V = (v1 + v2)/v1 = 1+ v2/v1 with the risk-reduction ratio R = (r1 + r2)/r1 =
1 + r2/r1.

Substitution from Eqs. (1) and (2) yields

V = 1 + v2

v1
= 1 + r2V SLb

r1V SLa
. (3)

Under standard assumptions described below, the indifference curve in Fig. 1 is downward
sloping and convex, and hence

V SL2

V SL0
<

V SLb

V SLa
< 1, (4)

which implies

1 + r2
r1

V SL2

V SL0
< V < 1 + r2

r1
= R (5)

where V SL0 is VSL at the point (s0, y0) and V SL2 is VSL at the point (s2, y2). The extent
to which the WTP ratio V can differ from the risk-reduction ratio R is determined by the
ratio V SL2/V SL0.

The standard model for VSL assumes the individual seeks to maximize the expected
utility of income, where utility is dependent on whether he survives the current period or not.
Specifically,

V SL = ua (y) − ud (y)

su′
a (y) + (1 − s) u′

d (y)
(6)

where ua(y) and ud(y) are the utility of income conditional on surviving and not surviving
the current period, respectively, and primes denote derivatives. The standard assumptions are

ua(y) > ud(y) (7a)

ua
′(y) > ud

′(y) ≥ 0 (7b)

ua
′′(y) ≤ 0, ud

′′(y) ≤ 0, (7c)

i.e., survival is preferred to death, marginal utility of income is non-negative and greater if one
survives than dies (leaving one’s income as a bequest), and weak risk aversion with respect to
financial gambles conditional on survival and death (Drèze 1962; Jones-Lee 1974;Weinstein
et al. 1980). These assumptions imply that VSL decreases with survival probability and
increases with income, and hence the indifference curve is convex (as illustrated in Fig. 1).

To determine how much VSL2 can differ from VSL0, note that

VSL2 = VSL0 + (r1 + r2)
∂VSL

ds
+ (v1 + v2)

∂VSL

dy
(8)

where the two partial derivatives are evaluated at points (not necessarily the same) somewhere
between (s0, y0) and (s2, y2). Hence V SL2 is equal to V SL0 minus an effect due to the
increase in survival probability and an effect due to the reduction in disposable income.

From Eq. (6) and assumption (7b), the effect of the difference in risk is largest when
ud ′(y) = 0. In this case, the increase in survival probability from s0 to s2 decreases VSL (at
any income y) by the factor

s0
s2

= s0
s0 + r1 + r2

. (9)
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In our survey, respondents are told their baseline mortality risk (1 − s0) is 10/10,000 or
40/10,000 (depending on age) and r1 + r2 = 3/10, 000. These imply s0/s2 = 9990/9993 or
9960/9963, and hence the effect of risk on VSL is negligible.

Theory provides less guidance about the effect of income on VSL. However, empirical
estimates of the income elasticity of VSL range from about 0.1 to 2 (Hammitt and Robinson
2011). In this study, we estimate an income elasticity of 0.6–0.7 (see Sect. 5). The effect of
the difference in income on VSL can be estimated as(

y2
y0

)η

=
(
y0 − v1 − v2

y0

)η

= Y η (10)

where η is the average income elasticity over the range (y0, y2) andY is the disposable-income
ratio y2/y0. In our sample, the median value of v1 + v2 is <2000 KD (Kuwaiti Dinars) and
median income is about 1500 KD/month or 18000 KD/year.3 Using these values, Y ≈ 0.89
and so the effect of income is to reduce VSL by a factor of between 0.99 and 0.79 for an
income elasticity between 0.1 and 2 (0.93 for an elasticity of 0.65).

Combining the estimated effects of survival probability and income suggests that if WTP
for a 1/10,000 risk reduction is exactly P , then WTP for a 3/10,000 risk reduction must
be between 3P and about 2.4P . While some of the respondents whose responses fit the
pattern YN might have WTP values that fit this narrow window, it seems unlikely that many
do. Similarly, the ratio of estimates of VSL obtained by dividing estimated WTP by the
corresponding risk reduction should differ by a factor between about 1 and 1.27 (= 1/0.79).

3 Survey Instrument

The survey was administered in Arabic by in-person interview to respondents aged 25–60
years old. The survey instrument includes several sections. After an introduction explaining
that the purpose of the survey is to “understand how the citizens of the State of Kuwait
would like to improve public health”4 and that all responses are confidential, the interviewer
elicited information about demographic and socioeconomic characteristics (level of education
completed, household size and income), personal health habits (smoking, exercise frequency),
and self-reported health status (excellent/very good/good/fair/poor and as a visual analog
scale between equivalent to dead = 0 and perfect health = 100).

The subsequent questions were designed to encourage respondents to think about ways
they could affect their mortality risk and to evaluate tradeoffs. These were included in part to
identify any fatalistic attitudes that would prevent respondents from considering their will-
ingness to trade money for increased survival probability. Respondents were asked whether
they thought they could reduce their risk of dying in the next year (yes/no). Those who
responded no were then asked if they thought measures such as exercising, eating healthful
foods and quitting smoking would lower their risk (yes/no). All respondents were asked to
provide examples of behaviors that could reduce their mortality risk.

Respondents were provided training for the valuation questions using a transportation
example. They were asked to choose between two automobile routes to their destination.
One route takes 45 min and the risk of a crash is 150/10,000; the other route takes 30 min

3 1 KD is worth approximately US$3.50. Since 2007, its value has been pegged to a basket of international
currencies of Kuwait’s major trade and financial partners (Central Bank of Kuwait, www.cbk.gov.kw/en/
monetary-policy/exchange-rate-policy.jsp, accessed August 26, 2015.
4 All quotations from the survey are translations.
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and the crash risk is 50/10,000.5 The risks were illustrated using charts with 10,000 dots,
with 150 (or 50) red dots representing the chance of a crash and the remaining blue dots
representing the chance of a safe journey. Those who chose the dominated alternative were
asked whether they were sure they would take the slower, more dangerous route or would
choose the alternative.

The section on valuingmortality risk beganwith information about baseline risk: “Kuwaiti
[men/women] of your age die from many causes. Among the most common are heart attacks
and cancer. For Kuwaitis [younger than 40/between 40 and 60 years old], the chance of
dying in one year is [10/40] out of 10,000.” The baseline risk was illustrated using two visual
aids: a card with 10,000 dots of which 10 (or 40) were red and the others were blue, and a
“lottery box” said to contain 10,000 balls, of which 10 (or 40) were red and the others blue.
Respondents were instructed to “assume that a single ball will be drawn from the box and its
color will determine if you will survive the risk of dying during the coming year.”

WTPwas elicited using the double-bounded binary-choice format (Hanemann et al. 1991).
The first valuation question asked: “If you have the chance to turn r of the red balls into blue
for a cost of P KD, would you spend that money to reduce your chance of dying next year
or would you not spend the money and not reduce your chance of dying next year?” where
r = 1 or 3 and P is an amount randomly selected from the set of initial bids (described
below). Respondents were presented with a follow-up binary-choice question, in which the
cost was 2P (for those who indicated they would purchase the risk reduction) and 1/2P (for
the others).

The second valuation questionwas identical in format. The other value of the risk reduction
r was used and the initial price was 3P (for respondents whose second valuation questionwas
for a risk reduction of 3/10,000) and 1/3P (for the others). After a follow-up binary-choice
question (for which the price was doubled or halved, as before), respondents were asked in an
open-ended question to state the price that would make them indifferent between spending
the money to reduce the risk and refraining.

The survey concluded with measurement of the respondent’s height and weight, from
which we calculate body mass index (BMI).

4 Sample Selection and Survey Administration

We used a stratified sampling approach designed to obtain a sample of approximately 600
individuals representative of the population of Kuwaiti citizens6 aged 25–60 years old (on
February 28th, 2011). We recruited subjects using a system of replicates to minimize over-
sampling individualswhowere systematically easier to recruit, whether because of education,
employment, or other factors.

From a list of all Kuwaiti citizens as of 1990,7 we randomly selected 5000 names stratified
equally by gender and two age categories (25–39 and 40–60 years old). These were randomly
divided into 50 numbered replicates of 100, each containing 25 names in each of the four
gender/age categories.

5 The crash would not necessarily cause any injury.
6 Kuwaiti citizens represent a minority of Kuwaiti residents (about 32% of all ages and 19% of those aged
25–60 years). Many non-citizen residents are workers of Arab or Asian origin.
7 The list was developed to prepare a claim for public-health damages in Kuwait associated with the Gulf
War (Sand and Hammitt 2011).
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Replicates were opened sequentially. Prospective subjects were contacted by phone and
invited to participate in the study (no compensation was provided). Written calling scripts
were followed. If subjects could not be reached on the first call, two further attempts were
made. Efforts to contact each prospective subject ended when it was determined that the
subject was unavailable (because he or she had passed away, was imprisoned, seriously ill,
or unable to communicate) or when the subject: (a) agreed to participate; (b) refused to
participate; or (c) could not be reached on the third attempt. Each replicate was closed once
such a determination had been made for each of its 100 prospective subjects.

Once a prospective subject agreed to participate, an interviewwas scheduled. Each subject
was interviewed in person by one of 14 trained interviewers. The interviews normally took
place at the subject’s home or workplace. If a subject failed to appear for the interview, an
effort was made to reschedule. Subjects who could not be reached, asked for the interview
to be rescheduled more than twice, or eventually refused to be interviewed, were excluded
from the study. Recruitment and interviews continued until all potential subjects in all opened
replicates had been interviewed or were excluded. The interviews were conducted between
April 13 and October 27, 2011.

5 Results

In the first subsection below,we report descriptive statistics for the sample. These are followed
by information on the distribution of elicited WTP, non-parametric estimates of WTP and
VSL, and multivariate regression estimates.

5.1 Sample Characteristics

Once it became clear that at least 600 interviews would be completed by subjects recruited
from the opened replicates, no further replicates were opened. This occurred after the 32nd
replicate was opened. Of the 3200 names in the opened replicates, it was determined that 61
(2%) were deceased, mentally ill, or otherwise ineligible. An additional 1462 (46%) could
not be contacted. Of the 1677 individuals contacted, 526 (31%) refused and 524 (31%) were
travelling for extended periods or were otherwise unavailable. A total of 627 individuals
agreed to participate of whom 623 were successfully interviewed, a response rate of 37% of
those contacted.

Table 1 compares the characteristics of the full sample, the restricted sample (respondents
who satisfy the consistency test) and the Kuwaiti citizen population of the same age group
(Kuwait Public Authority for Civil Information 2013; Kamel 2008). Our full sample is more
educated, has higher income, and includes a larger share of older respondents and a smaller
share of women than the Kuwaiti citizenry. Descriptive statistics for the groups defined by
the initial risk reduction they valued are virtually identical, consistent with randomization of
the initial risk reduction.

Respondents appeared to understand the survey and accept its premise. Only three indi-
cated that they felt that they had no influence over their mortality risk and none of the subjects
failed the training question, i.e., chose the route which took longer and had higher risk.

For the consistency test, 554 respondents (89%) provided responses to the two mortality-
risk-valuation questions that are clearly consistent with economic theory (YY or NN). Of the
remainder, 40 fit the NY pattern (WTP more than proportional to risk), which is inconsistent
with theory, and 29 fit the YN pattern, which could be consistent with theory if their WTP
amounts are sufficiently close to the stated prices. Of the 554 respondents, 32 reported a
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Table 1 Descriptive statistics

Variable Full sample Restricted sample Population (25–60 years)

log(r) 0.546 0.550 –

Log(income) 7.300 (0.820) 7.308 (0.859) –

No income 0.0064 0.008 –

Income ≤ 500 KD/mo 0.04 0.03 0.06

500 < Income ≤ 1000 KD/mo 0.16 0.15 0.31

1000 < Income ≤ 1500 KD/mo 0.28 0.28 0.28

1500 < Income ≤ 2000 KD/mo 0.22 0.21 0.16

Income > 2000 KD/mo 0.30 0.32 0.18

Age (yrs) 41.41 (9.76) 41.52 (9.75) 38.80 (9.64)

Female 0.45 0.48 0.53

Education ≤ middle school 0.19 0.19 0.35

Education = high school 0.15 0.16 0.28

Education = associate degree 0.23 0.24 0.16

Education ≥ college 0.43 0.41 0.21

Household size (number of people) 5.80 (3.23) 5.88 (3.19) 6.89 (4.04)

Household size 1Q, median, 3Q 4, 6, 8 4, 6, 8 3, 6, 9

Inconsistent (N=101) 0.162 0 –

NY (N = 40) 0.064 0 –

YN (N = 29) 0.047 0 –

NN WTP = 0 (N = 32) 0.051 0 –

N 623 522 468,810

Standard deviation in parentheses

WTP of zero in the open-ended valuation question for the second mortality-risk reduction,
leaving 522 respondents who satisfy the consistency test (84% of the full sample). As shown
by Table 1, there is little difference in the descriptive statistics between the restricted and full
samples.

5.2 Distribution of WTP and Non-parametric Estimates

Table 2 presents the initial prices and the fractions of respondents who indicated they would
pay each price for the stated risk reduction, using results of only the first valuation ques-
tion asked to each respondent (i.e., all comparisons in the table are “external” or between
respondents). The fraction replying yes (i.e., indicating they would pay the stated price for
the stated risk reduction) should decrease with the price and increase with the risk reduction.
For the full sample (Panel A), the fraction responding yes decreases with the price for each
risk reduction, except between the two largest prices (2100 and 3000 KD) for the 3/10,000
risk reduction. The fraction indicating they would pay each price does not, however, always
increase with the risk reduction: for three of the six prices, the fraction is smaller among
those offered a 3/10,000 risk reduction than those offered a 1/10,000 risk reduction.

For the restricted sample of respondents satisfying the consistency test (Panel B), the
fraction indicating they would accept the price decreases with the initial price except (as for
Panel A) between the two highest prices for the larger risk reduction. The fraction accepting
each price is larger for the larger risk reduction.
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FromTable 2, we calculate single-bounded8 central-tendency estimates ofWTP andVSL.
Median WTP is calculated by linear interpolation between adjacent bids for which the frac-
tions accepting the bid are larger and smaller than one half. For the full sample, median
WTP for the smaller and larger risk reductions are 1259 and 1085 KD, respectively. The
larger median for the smaller risk reduction violates conventional theory. For the restricted
sample, median WTP for the smaller risk reduction is smaller (900 KD) and for the larger
risk reduction is larger (1853 KD) than for the full sample. The ratio of median WTP for the
larger risk reduction to median WTP for the smaller risk reduction is 0.9 for the full sample
and 2.0 for the restricted sample, suggesting that aggregate results from the subsample of
respondents who individually satisfy the consistency test are more consistent with theory.
However, even for this group the ratio falls short of the range of 2.4–3.0 derived in Sect. 2.

The Turnbull lower-bound-mean estimate is based on the conservative assumption that
each respondent’s WTP is equal to the largest price for which he reports acceptance. For
example, for the 1/10,000 risk reduction in the full sample, 38% of respondents are assumed
to haveWTP= 3000KD, 1% (=39–38) to haveWTP= 2100KD, and 12% (=51–39) to have
WTP= 1200KD.TheTurnbull lower-bound-mean requires that the probability of acceptance
is monotone decreasing in the price; when this condition is violated, one adjusts the empirical
WTP distributions using the pooled adjusted violators algorithm (PAVA, Turnbull 1976). In
our data, we must pool the results for the two highest prices for the 3/10,000 risk reduction.
To maintain comparability in our estimates of WTP between the two risk reductions, we
also pool results for the two highest prices for the 1/10,000 risk reduction.9 Turnbull lower-
bound means are roughly comparable to estimated medians. In the full sample, Turnbull
lower bounds are approximately 1050 KD for both risk reductions. In the restricted sample,
they are about 1000 KD for the 1/10,000 risk reduction and modestly larger, 1260 KD, for
the 3/10,000 risk reduction. Note that because Turnbull lower-bound-mean estimates are
not unbiased estimates of the mean, their ratio need not be nearly proportional to the risk
reduction.

Estimates of VSL are obtained by dividing estimated WTP (median or Turnbull-lower-
bound mean) by the corresponding risk reduction and converting to US dollars using the
exchange rate of 1 KD = $3.50. For the full sample, the estimates are $37 − $44 million
for the small risk reduction and $12 − $13 million for the large reduction. For the restricted
sample, the estimates are $32−$35 million for the small and $15−$22 million for the large
risk reduction. The inverse relationship between risk reduction and estimated VSL reflects
the fact that the estimated central WTP values vary much less than in proportion to the risk
reduction.

5.3 Regression Estimates

We estimate regression models to characterize WTP as a function of risk reduction and
individual characteristics. Specifically, we estimate functions of the form

log(WTPi ) = log(ri )γ + Xiβ + εi (11)

where WTPi is respondent i’s WTP, ri is the stated risk reduction, Xi is a vector of individ-
ual characteristics (including an intercept), γ and β are coefficients to be estimated, and εi
is an error term assumed to be independently, identically, and normally distributed across

8 I.e., these results use only the response to the first binary-choice question.
9 If we did not pool results for the smaller risk reduction, we would count some respondents as having WTP
= 3000 for the smaller risk reduction but none as having WTP more than 2100 for the larger risk reduction,
creating an artifactual bias in the comparison.
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respondents. The dependent variable WTPi is interval censored; it is bounded below by the
largest price the respondent indicated he would accept (zero if the respondent rejected both
prices he was offered) and above by the smallest price he rejected (unbounded if he accepted
both prices). Using the logarithm accommodates the skewed distribution. We estimate equa-
tion (11) using maximum-likelihood methods (Alberini 1995). In most of the specifications
considered, we include responses to only one risk reduction for each respondent, so obser-
vations are independent and the estimated coefficient on log(r) reflects differences between
respondents. In these models we report robust standard errors. In models with two responses
per respondent, we report standard errors clustered by respondent.

Results are presented in Table 3. The models in columns (1) and (2) are estimated using
the restricted set of respondents who satisfy our consistency test. These models include only
an intercept and the variable log(r), the log of the risk reduction, which equals ln(3) (≈ 1.1) if
the respondent’s valuation response is for the 3/10,000 risk reduction and ln(1) = 0 otherwise.
The coefficient γ estimates the elasticity of WTP with respect to risk reduction; if WTP for
the 3/10,000 risk reduction is between 2.4 and 3.0 times as large as WTP for the 1/10,000
risk reduction (as derived in Sect. 2), γ should be between ln(2.4)/ln(3) ≈ 0.80 and 1.

Themodel in column (1) is estimated using only the response to the first valuation question.
The estimated coefficient of log(r), 0.492, is significantly different from zero (p = 0.02). It
is not significantly different from 0.80 (p = 0.14). Hence for the sample of respondents who
satisfy our consistency test, we reject the hypothesis that WTP is insensitive to risk reduction
and not the hypothesis that WTP is sufficiently sensitive to risk. The model in column (2),
estimated using responses to both valuation questions, yields a slightly larger estimate of γ ,
0.508, which is significantly different from both zero and 0.80.

The model in column (3) is estimated for the full sample. In addition to an intercept
and log(r), the model includes an indicator variable, Inconsistent, equal to 1 for the 101
respondents who failed our consistency test and an interaction between this indicator and
log(r). The estimated coefficient of Inconsistent is insignificantly negative but the coefficient
of the interaction of Inconsistent with log(r) is significantly less than zero, which implies
that WTP is significantly less sensitive to risk reduction among the respondents who failed
the consistency test. The estimate of γ , 0.470, is similar to the estimate in column (1) and is
significantly different from both zero (p = 0.02) and 0.80 (p = 0.10). Hence this specification
also provides evidence that WTP is sensitive to risk reduction but insufficiently so among
respondents who satisfy the consistency test.

The model in column (4) is similar to that in column (3), except the respondents who
fail the consistency test are segregated into three groups described by the indicator variables
NY (=1 for respondents who answered no to the small risk reduction and yes to the large
one), YN (=1 for respondents who answered yes to the small risk reduction and no to the
large one), and NN0 (=1 for respondents who reported their WTP is zero in the open-ended
follow-up). The regression includes these three indicator variables plus their interactions with
log(r). The estimated coefficient on log(r) is similar to its value in regressions (1)–(3) and is
significantly different from both zero (p = 0.02) and 0.80 (p = 0.07). None of the estimated
coefficients of the interactions with log(r) for respondents who fail the consistency test are
significantly different from zero. The coefficients on NY and NN0 are significantly less than
zero and large in absolute value, suggesting much smaller WTP among these groups than
among those who satisfy the consistency test.

The models in columns (5) and (6) supplement the previous full-sample models (columns
(3) and (4)) by including socio-demographic covariates. Adding these covariates increases
the estimated coefficient of log(r). Estimated coefficients of the covariates are similar in both
models. The estimated income elasticity is roughly 0.65. (No income is an indicator variable
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Table 3 Regression estimates

(1) (2) (3) (4) (5) (6) (7) (8)
Restricted Restricted Full Full Full Full Full Full

log(r) 0.492** 0.508*** 0.470** 0.452** 0.515*** 0.497*** 0.461** 0.504***

(0.211) (0.0494) (0.200) (0.192) (0.198) (0.189) (0.197) (0.195)

log(r) × inconsistent −1.875*** −1.971*** −1.835*** −1.912***

(0.440) (0.445) (0.429) (0.434)

Inconsistent −0.401 −0.306 −0.395 −0.315

(0.323) (0.318) (0.318) (0.312)

log(r) × NY 0.0456 0.00607

(0.441) (0.558)

log(r) × YN −0.123 −0.277

(0.417) (0.481)

log(r) × NN0 −0.304 −1.177***

(0.320) (0.429)

NY −1.461*** −1.341***

(0.395) (0.521)

YN 0.354 0.436

(0.308) (0.305)

NN0 −12.60*** −11.71***

(0.610) (0.608)

Log (income) 0.627*** 0.681*** 0.613***

(0.180) (0.169) (0.169)

No income 3.683** 4.113*** 3.509***

(1.455) (1.361) (1.332)

Age 0.0218** 0.0201** 0.0213**

(0.0104) (0.0101) (0.00952)

Female −0.577*** −0.692*** −0.620***

(0.200) (0.193) (0.184)

Education (middle
school)

−0.719** −0.469* −0.611**

(0.292) (0.276) (0.270)

Education (high
school)

−0.283 −0.101 −0.284

(0.298) (0.290) (0.280)

Education
(associate)

−0.139 −0.0381 −0.0471

(0.250) (0.240) (0.233)

Household size −0.0535 −0.0544* −0.0584*

(0.0334) (0.0310) (0.0308)

log(r) × 2d question 0.103 0.00281

(0.379) (0.374)

log(r) × 2d qx ×
inconsistent

2.789*** 2.991***

(0.838) (0.847)
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Table 3 continued

(1) (2) (3) (4) (5) (6) (7) (8)
Restricted Restricted Full Full Full Full Full Full

2d question −0.0418 0.0172

(0.220) (0.217)

2d qx ×
inconsistent

−1.553*** −1.691***

(0.517) (0.520)

Intercept 6.839*** 6.809*** 6.827*** 6.817*** 2.078 1.700 6.823*** 2.208*

(0.165) (0.111) (0.157) (0.150) (1.396) (1.323) (0.153) (1.312)

Residual SD 2.210*** 2.020*** 2.060*** 1.935*** 1.996*** 1.856*** 1.996*** 1.932***

(0.159) (0.110) 0.116 (0.109) (0.113) (0.107) (0.0944) (0.0918)

N 522 1,044 623 623 622 622 1,246 1,244

VSL ($millions),
r = 1/10,000

32.7 31.7 32.3 32.0 32.2

r = 3/10,000 18.7 18.5 18.0 17.5 17.08

Robust standard errors in columns (1) and (3)–(6); clustered by respondent in columns (2), (7), and (8).
***, **, * denote statistically significantly different from zero at 1, 5, and 10 percent, respectively

equal to one for respondents who reported no income.) WTP is estimated to be substantially
smaller for women thanmen, to increasewith age, and to increasewith education (the omitted
category is college graduates). Adding health-related characteristics to these models (self-
reported health, exercise frequency, smoking status, and BMI calculated from height and
weight measured at the interview) has little effect on the coefficients reported in Table 3 and
yields no statistically significant effects.

The last two columns report models using responses to both valuation questions for all
respondents. We include an indicator variable 2d question (= 1 for the second risk reduction
the respondent valued, 0 otherwise) and its interactions with log(r) and Inconsistent plus
the interaction with both of these variables. Estimates of the coefficient of 2d question and
of its interaction with log(r) suggest there is no systematic difference between responses to
the first and second valuation questions. In contrast, respondents who failed our consistency
test have on average smaller WTP for the small risk reduction and larger sensitivity to risk
reduction when answering the second rather than the first valuation question. The estimated
coefficients of log(r) and of the socio-demographic covariates are similar to their values in
the other specifications, supporting the previous results.

Estimates of VSL are reported at the bottom of Table 3. These are calculated for the
regressionmodels that exclude socio-demographic characteristics and are for the respondents
who satisfy the consistency test. VSL is calculated separately for the smaller and larger risk
reductions. It is calculated as estimated medianWTP divided by the stated risk reduction and
converted to US dollars.10

Estimated VSL for the 1/10,000 risk reduction is substantially larger than for the 3/10,000
risk reduction; the ratio between these values is 1.7–1.8, larger than the theoretical range of
1–1.27 derived in Sect. 2. This follows because the estimated elasticity of WTP with respect
to risk reduction is smaller than the theoretical range of 0.79–1 derived in Sect. 2.

10 Estimated median WTP = exp(intercept) for the 1/10,000 risk reduction and exp(intercept + γ · ln(3)) for
the 3/10,000 risk reduction.
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The estimates of VSL are approximately $18 million for the large risk reduction and $32
million for the small reduction. These values are similar to the non-parametric estimates
reported in Table 2. They are roughly two to four times larger than values accepted for
the US. For example, the US Department of Transportation (2013) and US Environmental
ProtectionAgency (2010) use central values of $9.1 and $9.2million (2012 dollars).However,
the difference in average discretionary income between Kuwaiti citizens and Americans is
more than a factor of two, so much of the difference between these estimates and American
estimates may be explained by the difference in income if the income elasticity is on the
order of 0.65 as we estimate. Differences in culture and religion may also contribute to the
difference.

Mean household income of Kuwaiti citizens is almost twice the comparable value for
Americans, $140,700 compared with $72,600.11 The difference in discretionary spending
between Kuwaiti resident citizens and US residents is substantially larger than this, because
inKuwait there is no personal income or sales tax and goods and services that comprise impor-
tant shares of US household spending, including health care, education, housing, energy, and
retirement savings,12 are provided by the government or at highly subsidized prices. For
Kuwaiti citizens, health care and education (including university) are free and housing is
subsidized via a no-interest loan of $250,000. Energy prices are heavily subsidized, resulting
in gasoline prices that have been fixed at $0.80 per gallon and electricity prices at $0.0067
per kwh for more than 20 years [US prices averaged $3.44 per gallon (2014) and $0.1212
per kwh13 (2013)].

6 Conclusions

This papermakes two contributions, one substantive and onemethodological. First, we report
what we believe to be the first estimates of VSL for a Middle Eastern, Arab, or Muslim pop-
ulation. Moreover, these pertain to a population with much higher income and discretionary
spending than the US and European populations for whom most VSL estimates have been
obtained. The estimates are obtained from a stated-preference survey conducted using in-
person interviews for a random sample of Kuwaiti citizens residing in that country. Our
estimated values, $18–32 million, are two to four times larger than values used by regula-
tory agencies for the US. In part, this difference from US values is likely to reflect Kuwaiti
citizens’ financial advantage compared with Americans: household income is twice as large,
there is no personal income tax, and important goods and services are highly subsidized or
provided by the government and not paid from household income. Differences in culture,
religion, or other factors may also contribute. These estimates may be relevant for estimating

11 Mean household incomes are for 2013. For Kuwait, the Central Statistics Administration survey found
mean household income of 3351/KD per month, excluding the estimated rental value of housing (ALSHALL
Consulting Co. 2014). The US value is from DeNavas-Walt and Proctor (2014, Table A-1).
12 In the US, consumer expenditures on health care, education, utilities, and gasoline average 18% of pre-tax
income while pensions and social security average an additional 8% (authors’ calculations using BLS 2015,
Table A). Federal taxes average 18% of pre-tax income overall and 11% for the median-income household
(authors’ calculations using CBO 2014, Table 1).
13 The gasoline price is the average retail price in 2014, US Energy Information Administration, Weekly
Retail Diesel and Gasoline Prices, http://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_nus_a.htm. The electricity
price is the average residential price in 2013, US Energy Information Administration, Table 2.10. Average
Retail Price of Electricity to Ultimate Customers by End Use Sector, by State, 2013 and 2012, http://www.
eia.gov/electricity/annual/html/epa_02_10.html.
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the benefits of public-health interventions that affect the citizens of other Gulf countries with
cultures and incomes similar to Kuwait.

Second, we introduce a novel consistency test for stated-preference studies. We elicit
WTP for two reductions in mortality risk from each respondent and include in our restricted
sample only respondents whose answers for the two risk reductions are consistent with the
standard theoretical result that WTP should be strictly positive and nearly proportional to
the reduction in mortality probability. This consistency test provides a necessary but not
sufficient condition for the validity of respondents’ answers to our valuation questions and
hence our estimates of VSL. External (between-respondent) scope tests show that WTP does
vary significantly with the magnitude of the stated risk reduction. The variation is, however,
not as large as predicted by standard theory. This consistency testmay be useful for estimating
economic values of health-risk reductions in other contexts.
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