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Questions Addressed:

I.  To what extent can we use one value for reductions in premature mortality
regardless of the policy context?

Should the value of mortality risk reductions vary with (i) age, (ii) income,
(iii) health status and (iv) cause of death?

II. How do we deal with future impacts and discounting?

III.  What are the main sources of uncertainty in value estimates?

IV.  What VSLs should be used for accession states?

V. What research should be commissioned to help develop values for use in
policy?

I.  To what extent can we use one value for reductions in premature mortality
regardless of the policy context?

Should the value of mortality risk reductions vary with (i) age, (ii) income, (iii)
health status and (iv) cause of death?

Most economists would argue that similar risk reductions should be given the
same values for use in policy analyses.  The key question is what characteristics of
mortality risk should be distinguished in computing value estimates.  Economic theory
suggests that the following characteristics of the persons whose risks are reduced may
affect their willingness to pay (WTP) for mortality risk reductions:  (i) age, (ii) income
and (iii) health status.  It is also the case that the nature and timing of death itself may
matter.  People may be willing to pay more to reduce their risk of dying of cancer than to
reduce their risk of a fatal heart attack, because death from cancer may be preceded by a
long period of serious illness.  The timing of risk reductions also matters.  People may be
willing to pay less for a future reduction in their risk of dying than for a current risk
reduction.  The timing issue is discussed in section II.
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A. Age

The impact of age on WTP to reduce risk of death is of key policy significance.
In industrialized countries, any program that reduces mortality risks in proportion to the
existing age distribution of deaths will save statistical lives primarily among persons 65
years of age and older.  This is because, in established market economies, three-quarters
of all deaths occur after the age of 65 and half occur after the age of 75 (Murray and
Lopez).

Economic theory suggests that WTP to reduce risk of death will eventually
decline with age, but has little to say quantitatively about how fast this occurs.  In the life
cycle consumption-saving model with uncertain lifetime, which forms the theoretical
basis for defining WTP for reductions in risk of death (Yaari, Shepard and Zeckhauser,
Cropper and Sussman, Cropper and Freeman), the value of reducing the conditional
probability of dying at age  t  is roughly proportional to expected lifetime utility from age
t  onward.1  Numerical simulations of the life cycle consumption model suggest that the
value of expected lifetime utility from age  t  onward will eventually decline with  t;
however, because this depends on the actual pattern of consumption chosen, it is difficult
to predict exactly how fast WTP should decline with age.

The life cycle model does NOT support the popular practice of dividing the Value
of a Statistical Life (VSL) into a Value per Life Year Saved, except under very special
conditions.  The procedure that is used to convert the VSL into a Value per Life Year
Saved is to divide the VSL by discounted remaining life expectancy.  This implicitly
assumes that the value of each remaining year of life is the same, an assumption that is
valid in the life cycle model only if planned consumption remains constant over a
person’s lifetime.2

The preceding comments imply that the impact of age on the VSL must be
resolved empirically.  Unfortunately, empirical evidence on the impact of age on WTP is
meager.  Most estimates of the VSL come from hedonic labor market studies rather than
from contingent valuation studies.  In an hedonic market, estimating the impact of
individual characteristics on the VSL requires estimating individuals’ marginal WTP
(bid) functions for risk of death.3  The problems of identifying marginal bid functions in a
single hedonic market are well known (Brown and Rosen, Epple).  Only one study
(Biddle and Zarkin) has attempted such estimation, and it does not report the effect of age
on marginal WTP to reduce risk of death on the job.

Contingent valuation studies can more easily capture the effects of age on WTP;
however, few studies in the literature focus on the impact of age when reporting results,
                                                       
1 Formally, it is expected utility from age t onward, converted to dollars by dividing by the marginal utility
of income at age  t.
2 In the life cycle model this requires that consumption is independent of age, which would occur if the
subjective rate of time preference were equal to the market rate of interest.
3 Meta-analyses of compensating wage studies, which regress point estimates of the VSL from various
hedonic wage studies on the characteristics of workers in these studies, sometime claim to have captured
the effects of age and income on WTP.  This is not, however, true.
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and few include enough older respondents to clearly delineate age impacts, especially
over the age of 60.

Table 1. Willingness to Pay for a Reduction in Risk of Immediate Death by Age
(millions, 1994£).

Age WTP* WTP/WTP40

18 2.03 0.67
20 2.34 0.77
30 2.72 0.89
40 3.04 1.00
50 2.41 0.79
60 2.13 0.70

Notes:  *WTP is the answer to question 18(b) of Jones-Lee et al. (1985). These
values have been normalized to represent willingness to pay to save one statistical life.

Source:  Cropper, Maureen L., and Frances G. Sussman, 1990.

Table 1, reported in Cropper and Sussman, presents results from Jones-Lee et al.’s
survey of WTP to reduce risk of death in a transport context.  The numbers in Table 1 are
NOT adjusted for covariates; thus they can be viewed as empirical counterparts of values
from a life cycle model in which income and wealth would vary with age.  The estimates
from Alberini et al., reported in Table 2, have a similar interpretation.

Table 2. Mean WTP by Age from a Survey of Ontario Residents.

Age Group Predicted Mean WTP
(1999 C$)

Standard Error of Prediction
(1999 C$)

Ages 40-50
(N=260)

582.82 35.63

Ages 51-60
(N=165)

656.88 58.37

Ages 61-70
(N=120)

657.83 60.87

Ages 70 and over
(N=66)

417.99 54.30

Less than 65
(N=494)

617.19 30.22

65 and over
(N=117)

514.69 52.15

Jones-Lee et al.’s results suggest that WTP at age 60 is about 70% of WTP at age
40, the age at which WTP peaks.  Alberini et al., using a sample of 40-75 year olds, find
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that WTP does not vary significantly with age until age 70.  WTP at age 70 is about 1/3
of WTP at age 40.  Neither study supports the Value per Life Year Saved approach,
which assumes that WTP is proportional to remaining life expectancy.

B.  Income

The value of reductions in risk of death should depend on income, and efficiency
requires that this be acknowledged in benefit-cost analyses.  In practice, the income
elasticity of WTP for mortality risk reductions is used in two ways— to predict how the
VSL of a population will change over time as incomes increase, and to predict how the
VSL should vary across groups with different per capita incomes.

There are in fact few valid empirical estimates of the income elasticity of WTP
for mortality risk reductions.  Estimates of the income elasticity of WTP based on
hedonic labor market studies (for example, Hammitt et al.) fail to solve the identification
problem in hedonic markets.  As explained above, identifying the income elasticity of

Figure 1. Marginal Bid Functions for Risk and the Marginal Hedonic Price Function

WTP requires estimating marginal WTP functions (labeled ?C1/?r (high nonwage
income) and ?C2/?r (low nonwage income) in Figure 1) and seeing how they vary with
(nonwage) income.  In general, this requires multi-market data (more than one hedonic
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price function w(r)) so that one can observe multiple points on the marginal WTP
functions of individuals with the same preferences and income levels.4

What we know about the income elasticity of WTP for mortality risk reductions is
based on cross sectional variation in WTP in stated preference studies.5  These estimates
suggest that the income elasticity of WTP for mortality risk reductions is less than one,
with most estimates ranging from 0.2 to 0.6 (Gerking, deHaan and Schulze, Jones-Lee et
al.).  These estimates have been used to predict how the VSL will increase as incomes
rise within a population (USEPA 1999).  Ideally, however, one would like to base such
predictions on time-series variation in WTP within a population as well as on cross-
sectional variation.  The use of estimates of income elasticity within a population to
transfer VSLs across populations is discussed below.

C.  Health Status

The impact of health status on WTP for increased longevity is an important issue
in evaluating health and safety programs, especially if a program benefits people in
impaired health.  It has, for example, been suggested that the VSL used to evaluate air
pollution control programs should be adjusted downward since such programs
disproportionately benefit people with chronic obstructive lung disease or coronary heart
disease (EOP Group, Inc.).  This suggestion is justified by appealing to the literature on
quality adjusted life years (QALYs), which would view a program that saves the life of a
65-year-old with COPD as saving fewer QALYs than a program that saves the life of a
65-year-old in good health.6  It should, however, be emphasized that the QALY approach
is fundamentally different from the use of WTP to value reductions in risk of death.  The
discussion below focuses on WTP, which is the concept that should be used in a benefit-
cost analysis.

As in the case of age, economic theory has few quantitative predictions about the
effect of health status on WTP.  It is an easy matter to incorporate health status as an
argument in the individual’s utility function in a life cycle consumption model; however,
depending on the form of the utility function chosen, health status may or may not affect
WTP for reductions in risk of death.  For example, if utility is multiplicatively separable
in consumption and health status, health status will not affect WTP for changes in risk of
death even though it will affect consumption decisions.  This is because health status
affects expected future utility of consumption and the expected marginal utility of
                                                       
4 The standard approach to estimating the marginal willingness to pay function ?C/?r is to estimate the
hedonic price function w(r) and then to regress the slope of this function, ?w/?r, on income.  With single
market data, this will most likely reproduce points on the marginal hedonic price function where ?C/?r
intersects ?w/?r.
5 As explained above, estimation of the income elasticity of WTP in an hedonic market requires estimation
of marginal bid functions for risk reductions.  It cannot be inferred from a meta-analysis in which VSLs
from different studies are regressed on the average income of subjects in each study.
6 In the medical literature, life saving programs are evaluated in terms of the number of quality-adjusted life
years that they save.  Individuals are assumed to have utility functions defined over life years and health
status that obey the property (Pliskin, Shepard and Weinstein) that  y  years in health status  q  are
equivalent to H(q) years in perfect health.  This allows life-years saved to be weighted by QALY weights
H(q).  The QALY approach assumes that health outcomes should not be valued in dollar terms.
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consumption in the same way.  Since the VSL (WTP) is the ratio of the two, it is
unaffected directly by health status.  Other assumptions about the form of the utility
function would, of course, yield other results.

The impact of health status on WTP must, therefore, be resolved empirically.
Unfortunately, there are few studies that correlate current health status with WTP to
reduce risk of death.  Alberini et al. find no association between current health status, as
measured by the presence of a chronic disease or measures of physical functioning based
on a standardized health questionnaire (SF-36, Ware et al.).  This agrees with the findings
of Sloan et al.

D. Cause of Death

Empirical estimates of the VSL from labor market studies reflect WTP to avoid
immediate, accidental death.  It is usually assumed that people would pay more to reduce
their risk of death due to cancer because of the morbidity that usually precedes a fatal
cancer.  Ideally, this could be estimated by asking people what they would pay to reduce
their risk of contracting a cancer that will prove fatal.   An alternative, revealed
preference approach is to estimate an hedonic price function using data on housing prices
that face different risks of cancer from hazardous waste sites.  Both approaches have been
employed to estimate the VSL due to cancer.

Magat, Viscusi and Huber confronted people with risk pairs consisting of risk of
death in an auto accident and risk of death due to fatal lymphoma.  (Subjects were first
given detailed information about lymphoma.)  People were asked which pair they
preferred, for example the pair containing (low risk of auto death, high risk of lymphoma)
or (high risk of auto death, low risk of lymphoma).  Risk levels were altered until people
were indifferent between the two pairs.  Subjects in the study were indifferent between
identical risks of auto death and lymphoma, implying that they were indifferent between
the two causes of death.  It is not, however, clear whether subjects assumed that deaths
due to lymphoma would occur in the future, or immediately.  If they assumed deaths
would occur in the future, then the value of preventing an immediate lymphoma would be
greater than the value of preventing an auto death.  (See next section.)

Hamilton, Viscusi and Gayer estimated an hedonic price function using data from
housing sales in Grand Rapids, MI to infer WTP to avoid risk of cancer from nearby
hazardous waste sites.  The risk variable used in the study reflected actual exposure
pathways for each house and risks of death due to cancer from the hazardous waste
(Superfund) sites, as estimated by the USEPA.  The VSL in this study is in the range of
VSLs from labor market studies, implying that individuals did not attach a “cancer
premium” to risk of death from cancer.  It should be noted that the resulting VSL
assumes that residents perceived cancer risks to equal objectively measured cancer risks.

This is clearly an area that requires further research.  Although several studies
have asked people, from a social perspective, whether they believe that more resources
should be devoted to reducing cancer deaths (as opposed to deaths from other causes)
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(see, e.g., Jones-Lee, Hammerton and Philips) there are few studies that ask individuals
what they would pay to reduce their own risk of death due to cancer.

II.  The Value of Future Reductions in Risk of Death

There are at least two instances in which the benefits of reducing exposure to a
hazard may be delayed.  One is in the case of a carcinogen with a latency period; the
other is in the case of a pollutant whose effects depend on cumulative exposure, such as
particulate matter.  The benefits of reducing chronic exposure to particulate matter may
not be felt immediately, just as the benefits of reducing exposure to a carcinogen will not
be realized until the end of the latency period.

Economic theory predicts quite clearly the quantitative impacts of latency on the
value of mortality risk reductions (Cropper and Sussman).  In the context of the life cycle
model, the amount that a 40-year-old would pay today for a reduction in his risk of dying
at age 60 is what he would pay for an immediate risk reduction at age 60, discounted to
the present.  The appropriate rate of discount is the rate at which the individual will
substitute consumption in one period for consumption in another, which depends on
opportunities for borrowing and lending.

This suggests two ways of estimating what an individual would pay today for a
reduction in risk of dying in the future:  One is to ask people directly (Carson and
Mitchell, Alberini et al.); the other is to discount WTP over the latency period at the
appropriate rate.  The difficulty with the direct questioning approach is that considerable
resources would be required to obtain reliable values for all relevant age, latency pairs.
Alberini et al. estimate the WTP of persons 40-60 years old for a risk reduction at age 70.
To my knowledge, this is the only study that elicits WTP for a future risk reduction that
makes explicit the length of the latency period.

The other approach is to concentrate on obtaining reliable values for WTP at
different ages, and to discount these estimates back to the present.  The advantage of this
approach is that the analyst can use discount rates compatible with other parts of the
benefit-cost analysis being performed.

III.  Main Sources of Uncertainty in Value Estimates

Do economists have reliable estimates of WTP for reductions in risk of death and
do they have reliable estimates of the effect of covariates (age, income, health status) on
WTP?  Published studies, which number in the dozens, yield a wide range of estimates of
the VSL (Viscusi 1992, 1993).  This section discusses sources of uncertainty in both
revealed preference and stated preference studies.

In the United States, reliance has been placed primarily on hedonic wage studies
as a source of estimates of the VSL.  For example, the USEPA’s estimate of the VSL of
$4.8 million (1990 USD) used in evaluating Benefits and Costs of the Clean Air Act
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(USEPA 1997, USEPA 1999) is based on 21 hedonic wage studies and 5 contingent
valuation studies.  Hedonic wage studies have the advantage of being based on observed
behavior, but make untested assumptions about workers’ perceptions of risk of death on
the job.  In all but one of the 21 studies cited by the USEPA it is assumed that workers’
perceptions coincide with objective risk estimates.  In view of the substantial difficulties
people have in comprehending probabilities in contingent valuation studies, this seems an
heroic assumption.

It is also the case that VSLs obtained from hedonic wage studies are sensitive to
the specification of the wage equation.  A problem that is frequently noted is the
difficulty in controlling for inter-industry wage differentials in an hedonic wage study in
which risk data are available only by industry (Leigh).  The fear is that risk of death on
the job will capture other sources of inter-industry wage differentials.  In their meta-
analysis of hedonic wage studies Mrozek and Taylor and report that studies that control
for inter-industry wage differentials have VSLs 85% lower than studies that do not.

In view of the significant variation in results from compensating wage studies, it
would be useful for an expert panel to (a) select studies from the published literature that
satisfy certain criteria (in terms of sample size, adequacy of covariates), (b) re-analyze
the data from these studies using the same set of protocols.  This would help to refine
estimates of the VSL from hedonic wage studies.  As noted above, however, it is a very
difficult task to measure the effects of income, age and other covariates in this
framework, due to the difficulty in separating the marginal WTP function from the
marginal hedonic price function.

Estimates of the VSL from contingent valuation studies rely on answers to
hypothetical questions, but can, in principle, more easily isolate the impact of individual
covariates on WTP.  It is also easy within the framework of a contingent valuation study
to test whether respondents appear to understand the reductions in risk of death that they
are asked to value.  If respondents comprehend the magnitude of the risk changes valued
and if they are expected utility maximizers, their WTP should increase roughly in
proportion to the size of the risk change valued.  An internal scope test examines how
each individual responds to risk reductions of different sizes, whereas an external scope
test compares WTP for different risk reductions across different groups of people.

Unfortunately, no contingent valuation study to date has passed a proportional
external scope test, although WTP has increased with the size of the risk reduction
(Hammitt and Graham).  Because WTP fails to increase with the size of the risk
reduction, the VSL is usually larger the smaller the risk reduction valued.  If
questionnaires can be devised that pass external and internal scope tests, then contingent
valuation studies offer a promising method of estimating WTP for older persons and of
providing VSLs in countries where no estimates currently exist.

IV.  What VSLs Should be Used for Accession States?
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The problem of imputing VSLs to countries where no original valuation studies
exist is a difficult one.  The current practice is to transfer VSLs from wealthier countries
to poorer countries based on the ratio of per capita incomes in the two countries and an
assumed income elasticity of demand.  The drawbacks of this approach are: (1) It
assumes that preferences are identical in the two countries (in particular, that risk
aversion is similar); only incomes differ.  (2) Cross-sectional estimates of the income
elasticity of WTP within a country are not necessarily applicable to income differences
across countries.  This leads naturally to next question:

V. What research should be commissioned to help develop values for use in
policy?

1. Examine existing studies, both revealed and stated preference, to see which
satisfy appropriate criteria.  Perform a formal meta-analysis of acceptable
studies.

2. If data from original studies can be obtained, it may be possible, in the case of
hedonic labor market studies, to identify marginal WTP functions for fatal job
risk and, hence, the impacts of age and income on WTP.

3. If steps 1. and 2.  do not produce information about the VSL in Accession
States, or do not yield information about the effects of covariates on the VSL,
consider commissioning original studies.
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