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Background

The lack of empirical surveys and associated lack of data in this area is a barrier to the
provision of sound policy advice. Indeed, existing values used for monetisation of
environment-related health impacts focus on adult populations and use scenarios that often do
not match well with environmental scenarios. As such, there is concern that the continued use
of existing estimates from unrelated contexts that do not take these factors into account may
result in a misguided benefit-cost analyses, and in a possible misallocation of resources,
especially when environmental policies with significant implications for children are under
consideration.

In this context, the OECD Environment Directorate implemented in 2006 a project on the
valuation of environmental health impacts, with a particular focus on children: the VERHI
Project.

Objectives

This three-year project (2006-2008) funded by the European Commission under the 6th
Framework Programme of Research (contract number SSPE-CT-2005-006529) seeks to
improve the incorporation of environment-related health impacts in policy-making. An
original survey instrument will be applied in three OECD countries (United Kingdom, Italy
and the Czech Republic) that have disparities in terms of important factors, such as social
insurance systems, health care systems, social concern about the environment, etc.

This survey will be developed so as to obtain methodologically comparable values for adults
and children for similar risks, and will also seek to cast light on the context of the risk
reduction, and on latency issues. Finally, the project will explore the potential for benefits
transfer across countries with different socioeconomic characteristics.

Contact

Project Co-ordinator: Nick Johnstone, Email: nick.johnstone@oecd.org

For more information on the VERHI Project and to download documents, visit the
website: http://www.oecd.org/env/social/envhealth/verhi




Methodological Review of WTP and QALY Frameworks for
Valuing Environmental Health Risks to Childrent

by

James K. Hammitt?
Harvard University
Center for Risk Analysis

1. Introduction

Environmental health risks can produce a variety of morbid and mortal effects, differing in severity,
affected body parts, and duration. These effects can manifest in individuals that differ by age, pre-existing
health, and other factors. Comparing the efficacy of measures to reduce environmental health risks with
each other and with the opportunity costs of the resources consumed by these measures can be facilitated
by a measure of human preferences for health. Several such measures have been developed and are often
used in practice. The two that are most prominent are the “Willingness to Pay” (WTP) and “Quality
Adjusted Life Year” (QALY) frameworks. WTP is widely used in evaluating environmental and
transportation-related risks and QALY s are routinely used in other aspects of public health and medicine.

Although they have been developed in different application areas, the WTP and QALY frameworks
share important similarities: both are justified as representing individuals preferences, and both are
summed across individuals to represent the social value of a change in health risk. However, the specific
assumptions underlying the approaches differ in ways that produce systematic differences in the relative
values of changes in risks. These differences can lead to different conclusions about whether a policy
increases or decreases aggregate health risk.

This report reviews the theoretical foundations underlying the WTP and QALY approaches and
examines the relationship between them, including the potential for trandation using a constant value of
WTP per QALY.

The report is organized as follows. Section 2 reviews the theoretical assumptions of the two
approaches. Section 3 examines the implications for valuing mortality risk. Section 4 examines the
potential for conversion between the approaches using a constant WTP per QALY. Section 5 discusses

! Information given in this report reflects the author’s views only. The Community is not liable for any use that may
be made of the information contained therein.

2 This report was written while | was appointed to a Pierre de Fermat Chaire d Excellence at the Université de
Toulouse. | thank the Institut d'Economie Industrielle, Laboratoire d’ Economie des Ressources Naturelle, and Conseil
Régional Midi-Pyrénées for hospitality and support. Anna Alberini, Nick Johnstone, and Pascale Scapecchi provided
helpful comments.



some of the differences between children and adults that are relevant to valuing health risks to children.
Section 6 concludes.®

2. Utility-theor etic foundations

This section describes the basic concepts of WTP and QALY s and the assumptions under which these
measures can be interpreted as measures of individual preferences.

An individual experiences various “hedth states’ over her lifetime. The time-path of hedth states
experienced, ending in death, is a“hedth profile.” Risks to health and/or longevity may be represented as
lotteries (probability distributions) over alternative health profiles, and policies or other interventions that
alter health risks alter the probabilities associated with experiencing different health profiles.*

A tility function is any function that summarizes an individual’s preferences, in the sense that it
assigns a higher number to a more preferred lottery. Both WTP and QALY s can represent an individua’s
utility function if his or her preferences satisfy certain conditions. QALY's assume that preferences over
health and longevity depend only on health consequences and do not depend on other characteristics of the
individual or the risk.> In contrast, WTP alows for the possibility that preferences over health outcomes
depend on individual characteristics such as weadlth, as well as on characteristics of the risk such as
whether it is perceived to be uncontrollable, unfamiliar, and dreaded.
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The WTP approach reflects conventional microeconomic principles. Anything over which an
individual has preferences, including lotteries on heath profiles, can be described as an “economic good.”
An individual’s preference for one lottery over another can be represented in terms of a change in income
or wealth which can be used to purchase other goods.

There are two alternative measures of an individua’s willingness to trade money for an improvement
in heath: WTP and willingness to accept (WTA). Consider the value to an individual with wealth wy of
moving from health profile H, to a preferred health profile H;. Her utility is a function of the health profile
and wealth, u(H, w). The value of the improvement may be measured as:

1. WTP for improvement (compensating variation), the value of ¢, satisfying u(Ho, Wg) = u(Hs, wo —
Co)- The name implies that the loss of wealth ¢, compensates for the gain in health leaving the
individual no better or worse off than without the health improvement.

2. WTA to forgo improvement (equivalent variation), the value of e, satisfying u(Ho, Wo + &) = u(Hjy,
Wo). The payment is equivalent to the health gain in that the individua is equally well off whether
she obtains the payment or the health improvement.®

3 Sections 2 and 3 draw heavily from Hammitt (2002b, 2006), Section 4 from Hammitt (2002a), and Section 5 from
Hammitt (2006).

* Note that a health profile experienced with certainty can be represented as a degenerate lottery that assigns
probability one to the certain health profile and probability zero to al other profiles.

® Technically, preferences over health quality and longevity must be “utility independent” (Keeney and Raiffa, 1976)
of other characteristics of the individual and the risk.

® Note that WTA to forgo an improvement from H, to H is different than willingness to accept compensation for a
reduction in health from H, to some less desired health profile. One can aso define WTP to prevent a reduction from
H; to Hq (an equivalent variation) and WTA to permit a reduction from H; to Hy (a compensating variation).



Figure 1 illustrates WTP and WTA for changes in the risk of dying during the current period, holding
the lottery on health and survival in future time periods constant. The figure illustrates two indifference
curves for the probability of surviving a specified period (e.g., the current year) and wealth available for
spending on other goods. An indifference curve is defined as a set of points such that the individual judges
al points along it to be equaly desirable. Points above and to the right of the indifference curve,
representing larger survival probability and/or greater wealth, are preferred. Under plausible assumptions
(described in Section 3.1), the indifference curves relating survival probability and income are downward
sloping and convex to the origin asillustrated.

The initia position with survival probability py and wealth wy is labeled A. An increase in survival
probability to p; would shift the individual to B, on a higher indifference curve. The individua’s WTP for
thisincrease in survival probability is given by the vertical distance between the two indifference curves at
p:;, B — C. Alternatively, the individual could achieve the same increase in utility by moving to point D,
which involves no change in her survival probability but an increase in her wealth. The individual’s WTA
compensation in lieu of the survival improvement is given by the vertical distance between the two
indifference curves at po, D — A.

If the risk reduction p; —po is small, the two indifference curves will be nearly parallel between p, and
p: (indifference curves cannot intersect). In this case, WTP and WTA will be nearly identical. If the risk
reduction is large relative to the curvature of the indifference curves, WTA and WTP may be substantially
different, with WTA > WTP.” For large changes in mortality risk, an individua’s WTA compensation in
place of an increase in survival probability may be much larger than her WTP for the same survival gain
(note that WTP islimited by ability to pay, but WTA is not).

In principle, the choice of whether WTP or WTA is the appropriate measure of a change in risk may
depend on the “property right” in the situation. If the individual having wealth w is entitled only to the
inferior health profile Hy, then it may be appropriate to compare her WTP for the improvement to H; with
the costs of providing the improvement. Alternatively, if the individual is entitled to H,, then it may be
appropriate to compare her WTA to forgo the improvement with the costs that can be saved by not
providing H;. At the social level, when the costs of reducing risk are born by the beneficiaries, this
distinction breaks down. If starting at Ho, the question is whether the individuals' collective WTP for an
improvement exceeds the cost of improvement and, if starting at H;, whether their collective WTA
compensation for an increase in risk is less than the costs saved by allowing the increase. The situation in
which individuals are entitled to H; without paying for it is not logically available in this case (Mitchell
and Carson, 1989).

2.2 QALYs
The QALY framework provides a method for measuring the value of a health profile in terms of the

duration of an equally preferred health profile free of any health impairment. The number of QALYsin a
specified health profileis calculated as the quality-weighted lifespan

"I the indifference curve is smooth (which is the case if there are no satiation levels or other thresholds in the
individual’s preferences for survival probability and wealth), then WTP and WTA for infinitesimal changes in risk
are equal. Hanemann (1991) shows that indifference curves for a publicly provided good may be curved sharply when
no private goods provide close substitutes. In this case, WTP and WTA may diverge substantially even for small
changes in the quantity of the public good. The intuition is that the quantity of the publicly provided good (e.g.,
mortality risk from ambient air pollution) is not subject to the individua’s choice. If some private good provides a
close substitute, the individual can adjust for a suboptimal quantity of the public good by purchasing more or less of
the private good. Thus, if health risk from indoor air quality at home is a close subgtitute for health risk from ambient
air quality, the individual may be able to compensate for poor ambient air quality by investing in cleaner air at home
(or for excessively clean ambient air by spending less on controlling indoor pollution).



QALYs= i qT 2.1)

In equation (2.1), lifespan is divided into M periods that are indexed by i. The periods are defined so
that only one health state is experienced in each period. The duration of period i is T; and the “health-
related quality of life” (HRQL) associated with that period is characterized by aweight g;.2 The value of an
intervention that affects health and/or longevity is measured as the difference in QALYs between the
health profiles obtained with and without the intervention, as illustrated in Figure 2. It is standard practice
to discount QALY s for the time lag until they will be achieved, yielding a present value of QALY's (Gold
et al., 1996).

The HRQL is a number that represents the quality of health It is scaled so that a value of one
corresponds to perfect or excellent health and a value of zero corresponds to health that is equivaent to
dead' (i.e., an individual would be indifferent between living in such a state and dying immediately).
Typicaly, qis between one and zero but values of g less than zero can be used to represent states of health
that are worse than dead.

The conditions under which QALY's represent a valid individual utility function were identified by
Pliskin et al. (1980). These authors restrict their attention to the specia case of chronic (constant) health
states, for which equation (2.1) simplifiesto

QALYs=qT (2.2)

where T isremaining lifespan and g is the HRQL for the constant health state in which the individual will
live until death. In this case, QALY s represent a valid utility function for an individual if her preferences
satisfy the following conditions:

1. Mutual utility independence. This condition has two parts: (a) preferences between lotteries on
health states, holding length of life constant, do not depend on remaining lifespan; and (b)
preferences between lotteries on lifespan, holding heath state constant, do not depend on health
state. An example of part (a) is that, if an individual is indifferent between living 40 years in
“good” health and a 70-30 lottery between living 40 yearsin “excellent” health or in “fair” health,
sheis also indifferent between living 25 yearsin “good” health and a 70-30 lottery between living
25 years in “excellent” or “fair’ hedth. An example of part (b) is that, if an individua is
indifferent between living 30 years and a 50-50 lottery between living 40 years and 25 years, with
al yearslived in “excellent” health, then she is also indifferent between living 30 years and a 50-
50 lottery between living 40 years and 25 years, with all years lived in “fair” health. Mutual utility
independence is necessary for utility to be represented as a product of separate health and longevity
terms asin equation (2.2) (Keeney and Raiffa, 1976).

T
8 QALYs can aso be represented using a continuous-time representation QALYs= ‘[0 g(t)dt where T is greater
than or equal to a maximum longevity.

® Several terms, including health related quality of life, health status, and functional status, are used in the literature to
designate a variety of single and multidimensional measures of health. | follow Gold et al. (1996) and Dolan (2000)
in using the term HRQL to designate the one-dimensional utility value g;.

19 Note that it is the state of being dead rather than the event of death to which HRQL is anchored.

' As described below, health states are typically described in much greater detail. Simple descriptions such as
“excellent, “good,” and “fair” are used here for illustration. The notation “p-qg lottery” denotes a lottery where the
probability of the first outcomeis p percent and the probability of the second outcome in g percent



2. Constant proportional tradeoff of longevity for health. The fraction of remaining lifespan the
individual would be willing to sacrifice to improve her health from one state to another does not
depend on her remaining lifespan. For example, if an individual is indifferent between living 40
yearsin “fair” health and 30 years in “excellent” health, she is also indifferent between living 20
years in “fair” headth and 15 years in “excellent” health. This condition implies that the HRQL
associated with a health state does not depend on the length of time spent in that state.

3. Risk neutrality over lifespan. Holding health state constant, the individual prefers whichever
lottery on longevity provides the greatest life expectancy. For example, the individual would prefer
to live 41 yearsto a 50-50 lottery between living 50 and 30 years, and she would prefer that lottery
to living 39 years (where al years are lived in the same hedlth state, e.g., “excellent” hedth). A
risk-adjusted form of QALY (which does not require risk neutrality) has also been developed
(Pliskin et al., 1980) but is rarely used in practice. In the risk-adjusted case, the simple and
ethically appealing calculation of changes in social utility as the population sum of individual
changesin QALYsisinconsistent with individual preferences. This follows because the value of a
health profile to an individual is a nonlinear function of duration, and so the individual’s utility is
not equal to the sum of her quality-weighted life years.

Bleichrodt et al. (1997) and Miyamoto et al. (1998) have proposed simpler conditions that imply an
individual’s preferences over lotteries on chronic heath profiles can be represented by QALYs. One
condition isthat the individual isindifferent among all health states when her lifespan is zero (the so-called
“zero condition”). If, in addition, she is risk neutral over lifespan for each health state (which implies that
longevity is utility independent of health state), then her preferences can be described by equation (2.2)
(Bleichrodt et al., 1997). Alternatively, if her preferences for lotteries on lifespan holding health constant
do not depend on the health state (i.e., lifespan is utility independent of health), then her preferences can be
represented as a form of risk-adjusted QALY (Miyamoto et al., 1998)."

For the more general case in which health can vary over the lifespan (eguation (2.1)), an additional
condition is required:

4. Additive independence across periods. The individual’s preferences for lotteries on health in any
subset of the periods do not depend on health in other periods (Dolan, 2000). For example, if the
individual is indifferent between (a) spending 10 years in “good” health and (b) spending 5 years
in “good” heath followed by a 70-30 lottery between 5 yearsin “excellent” health and 5 yearsin
“poor” hedth, then she is also indifferent between (c) spending 5 years in “excellent” health
followed by 5 yearsin “good” health and (d) spending 5 years in “excellent” health followed by a
70-30 lottery between 5 years in “excellent” health and 5 years in “poor” hedlth.™® Additive
independence also implies that the individua is indifferent between health profiles offering the
same total time spent in each health state, regardless of the sequence in which the health states are
experienced (e.g., the individual is assumed to be indifferent between (e) spending 8 years in
excellent health followed by 2 years in poor health and (f) spending 2 years in poor health
followed by 8 yearsin excellent health). This condition is necessary for QALY s to be calculated as
the sum of HRQL -weighted time spent in each health state.

12 The form of risk-adjusted QALY consistent with the Pliskin et al. (1980) assumptions is more restrictive than the
form consistent with the Miyamoto et al. (1998) assumptions. The Pliskin et al. assumptions require that risk posture
with respect to longevity, holding health constant, satisfy constant relative risk aversion (or constant relative risk
proneness). The Miyamoto et al. assumptions impose no constraint on risk posture with respect to longevity (one can
be risk averse for some range of lifespan and risk seeking for another), and do not even require that an individual
always prefers alonger lifespan.

3 The alternatives (c) and (d) can be obtained from alternatives (a) and (b) by changing the health state for the first 5
years from “good” to “excellent.”



When QALY are added across individuals (to evaluate socia policies) it is generaly considered
appropriate to discount future QALY s at the same rate at which future monetary costs are discounted (Gold
et al., 1996). Discounting QALY s is justified as treating individuals equally when resources are alocated
using cost-effectiveness ratios: if the costs of an intervention are discounted but the effects (measured as
additional QALYs) are not, then an intervention can be made to appear more favorable simply by
postponing its implementation (Keeler and Cretin, 1983). Discounting future QALY's conflicts with the
utility-theoretic justification, although the conflict could be remedied by substituting the present value of
duration (using the appropriate discount rate) in conditions 2 and 3 above (Johannesson et al., 1994).

Empirical research suggests that individual preferences for health and longevity often violate the
conditions under which QALY's provide a valid utility function for individual health (Johannesson et al.,
1994; McNeil et al., 1981; Miyamoto et al., 1985; Loomes and McKenzie, 1989; Maas and Wakker, 1994,
Stiggelbout et al., 1994; Verhoef et al., 1994; Bleichrodt, and Johannesson, 1996; Stalmeier et al., 1996).
These violations are often small and idiosyncratic, and QALY's are considered by many to provide a
reasonabl e starting point for representing preferences (Gold et al., 1996; Dolan, 2000).

3. Valuing mortality risk

For many environmental-health risks, the effect of greatest concern is fatality. The effects on the value
of reducing mortality risk of both individual characteristics (e.g., age, heath, competing mortality risk,
income) and risk characteristics (e.g., dread, voluntariness, controllability) differ systematically between
QALY and WTP approaches. In this section, the effects of these characteristics on the value of reducing a
specific current risk (defined as a probability of dying within the current period from a specified cause) are
examined under each framework.

3.1WTP

Under the WTP approach, the value of reducing mortality risk is measured as the “value of a
statistical life” (VSL). VSL is an individual-specific value defined as the marginal rate of substitution
between mortality risk and wealth or income, i.e., the individual’s WTP for a small reduction in mortality
risk divided by the risk change, which is equivalent to the WTA for a small increase in mortality risk
divided by the risk change and to the slope of the indifference curve illustrated in Figure 1 at the
individual’ s wealth and risk level.

VSL depends on wedlth, current mortality risk, and the lottery over future health profiles the
individual faces. The standard model (Dreze, 1962; Jones-Lee, 1974; Weinstein et al., 1980) assumes the
individual maximizes her expected utility

EU(p, W) = (1—p) Us(W) + p Ug(W) (31)

where p is the individual’s chance of dying during the current period and u,(w) and ug(w) represent her
utility as a function of wealth conditional on surviving and not surviving the period, respectively. The
function uy(e) incorporates the individua’s preferences for bequests and can incorporate any financial
consequences of dying (such as medical bills or life-insurance benefits). In this single-period model,
wealth and income are treated as equivalent. In multi-period models, the difference between wealth and
income and the opportunities for future earnings can be important.

Theindividua’sVSL isderived by differentiating equation (3.1), holding utility constant, to obtain

dw __ uW-ouw) AU

VS_ = ; ’ ’
dp EU =k (1_ p)ua(W)+ Puy (W) EU




where prime indicates first derivative.

The numerator in equation (3.2) is the difference in utility between surviving and dying in the current
period. The denominator is the expected margina utility of wedlth, that is, the incrementa utility
associated with additional wealth conditional on surviving and dying in the current period, weighted by
their respective probabilities. Assuming that survival is preferred to death (i.e., us(w) > ug(w)) and that
greater wealth is preferred to less (i.e, u.(w)>0, uj(w)>0), both numerator and denominator are

positive and so VSL is positive and the indifference curvesin Figure 1 slope downward.

Under the WTP approach, the value of reducing a specific mortality risk in the current period depends
on life expectancy, competing mortality risk, the individual’s hedth if she survives the specific risk,
baseline risk and on income or wealth. The value of reducing a latent mortality risk depends on the
duration of the latency.

First, consider the effect of baseline (total) risk on VSL. It is standard to assume that U’ (w) > U/ (w),

that is, the increased utility provided by greater wealth is larger if the individual survives and has the
opportunity to spend it. With this assumption, an increase in the baseline risk p decreases the expected
utility-cost of spending (the denominator in equation (3.2)). The incremental utility associated with
survival (the numerator in equation (3.2)) is unaffected by baseline risk, so the individual would be willing
to spend more to reduce her mortality risk. This “dead-anyway” effect (Pratt and Zeckhauser, 1996) is
small for small changesin risk. The proportional effect on VSL of a change in baselinerisk is less than the
proportional change in the survival probability (1 - p).

The value of reducing the specific mortality risk is smaller if the individual also faces a competing
mortality risk. The existence of a competing mortality risk reduces the magnitudes of both the numerator
and the denominator in equation (3.2). The numerator decreases because the total probability of survival is
smaller, and the denominator decreases because of the dead-anyway effect. The effect in the numerator
dominates, and so competing mortality risk reduces WTP to reduce the specific mortality risk (Eeckhoudt
and Hammitt, 2001).

VSL may depend on the individual’s future health if she survives the specific mortaity risk, but the
sign of the effect is ambiguous. Survival in good health rather than poor increases the value of the
numerator in equation (3.2). However, if the marginal utility of wealth is higher in good health than in poor
health, the value of the denominator is larger and the effect on the ratio is indeterminate. As noted above,
limited empirical evidence suggests that the marginal utility of income is smaller in a state of chronic
health impairment (Sloan et al., 1998; Viscus and Evans, 1990) and some empirica studies suggest that
VSL is larger for people with cancer (Krupnick et al., 2001; Smith et al., 2002) or angina (Smith et al.,
2002) than for people without those impairments.

As with most goods, WTP for reduction in mortality risk depends on ability to pay and increases with
wealth. The assumption that additiona wealth is more valuable in life than as a bequest (i.e,

u’(w)> u’,(w)) implies that the numerator of equation (3.2) increases with wealth. Individuals are
generally averse to financia risk. If so, the denominator declines with wealth (the second derivatives of

Uy(W) and ug(w) are negative), and VSL increases. If the individua is indifferent to financia risk, the
denominator is constant and again VSL increases with wealth. Only in the implausible case in which the



individual prefersto bear greater financia risk (for the same expected return) can the denominator increase
with wealth, making the effect on VSL indeterminate.**

The effect of life expectancy on VSL is influenced by two competing factors. A greater life
expectancy increases the utility of surviving the current period (the numerator in equation (3.2)), since one
has more future years to enjoy. Greater life expectancy may also increase the denominator, because of the
desire to save wealth for consumption in future periods, or because the opportunity cost of current
spending to reduce mortality risk is larger for individuals with longer investment horizons. In the extreme
case where the individual must support him or herself from accumulated savings, the opportunity cost of
current spending clearly increases with life expectancy. The effect of life expectancy also depends on
whether the individua is able to borrow against future income and on any difference between the rate at
which she discounts future utility and the rate of return to savings.

A number of investigators have developed theoretical models to examine how VSL varies over an
individual’s life cycle. These models extend the one-period model described in equation (3.1) by assuming
the individual seeks to maximize the expected discounted value of the utility of consumption

EU = i p,s'u(c,) (33)

where p; is the probability of surviving to at least age't, ¢ is consumption at aget, and 6 is the individual’s
discount factor (i.e., d = 1/(1+r) where r istherate at which the individua discounts future utility).

Shepard and Zeckhauser (1984) assume individuals discount future utility at the market interest rate.
If individuals can borrow against future earnings, VSL declines monotonicaly with age. Under this
assumption, Shepard and Zeckhauser (1984) calculate that VSL for a typical American worker falls by a
factor of three from age 25 to age 75. If individuals can save but not borrow, VSL risesin early years as
the individual’s savings (and earnings) increase before it ultimately declines. In this case, Shepard and
Zeckhauser calculate that VSL peaks near age 40 and isless than half aslarge at ages 20 and 65.

Ng (1992) suggests that individuals may discount their future utility at a rate smaller than the rate of
return to financial assets. If so, individuals should save more when they are young and consume more
when old. Under these conditions, VSL may not peak until age 60 or so (Ng, 1992). Even if they discount
future utility at the market interest rate, prudent (Kimball, 1990) individuas might be anticipated to save
more and spend less on reducing mortality risk when they are young, because of the greater range of
financial contingencies they face.

The effect of latency on WTP to reduce mortality risk combines two effects: the change in WTP to
reduce current risk with time and age, and discounting for the delay (Cropper and Sussman, 1990; Cropper
and Portney, 1990; Johannesson et al., 1997; Hammitt and Liu, 2004). Since WTP is a monetary measure
of value, WTP at different points in time should be related exactly as any other monetary values at those
dates. Hence WTP now to reduce a mortality risk whose effects will manifest at a specific future date
should be the present value of WTP then to reduce the risk at that future date, i.e.,

1Y 1Y
WTP, = — | WTP =| —— | vaL A, 34
0 (1+rj ! (1+rj ! (34)

4 Positive effects of baseline risk and wealth on VSL are sufficient conditions for the convexity of the indifference
curvesinFig. 2.
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where WTP, and WTP, are respectively WTP now and WTP at date t to reduce mortality risk at date t by
Ay, VSL;istheindividua’s VSL at datet, and r is the rate at which she discounts future monetary values,
e.g., the rate at which she can save or borrow. (Current WTP may also depend on the probability of
surviving to date t, depending on the marginal utility of a bequest and whether her estate benefits from and
isliablefor investments and loans.)

Future WTP to reduce the then-current mortality risk may differ from current WTP for a similar
reduction in current mortality risk for a variety of reasons. At the future date, the individua will be older
and presumably have a shorter remaining life expectancy. His or her anticipated future health is likely to
differ from its current value (in general, health declines with age). The individual may face unanticipated
changes in competing mortality risks and income (anticipated changes in these and other factors should
also affect current WTP for current risk). The net effect of these factorsis ambiguous and it is possible that
WTP to reduce alatent risk may exceed WTP to reduce a current risk. Hammitt and Liu (2004) provide an
example in which utility in the near term is very small but will be larger in the future (perhaps because the
individual is suffering from a severe but temporary illness). The primary benefit of reducing current
mortality risk is to increase the chance of living during the future, high-utility period. If the latent risk
reduction increases this probability by more than the current risk reduction does, the individual may prefer
and have higher WTP for the latent benefit. Typicaly, however, it is likely that current WTP to reduce a
latent mortality risk is adecreasing function of the latency period.

For evaluating socia programs, it is possible to ignore the effects of individual differences in wealth
or other factors that are considered ethically inappropriate by replacing individual V SLs with a value that
is obtained by averaging over the objectionable characteristics. This approach is often taken in practice,
where differencesin wealth and health quality are generally ignored. An aternative approach is to consider
how individuals might choose to incorporate differences in wealth and other factors in allocation of social
resources if they were to make the decision behind a Rawlsian veil of ignorance, before they knew their
own characteristics. Pratt and Zeckhauser (1996) use this approach to argue that the appropriate VSL for
use in socia policy choices increases with income, although at a smaller rate than empirical studies
estimate. They also argue that differences in VSL due to differences in basdline risk (the dead-anyway
effect) should not be incorporated.

3.2 QALYs

The value of a change in a specific current mortality risk under the QALY approach is the change in
the expected number of QALY s. It depends on life expectancy, expected future health state, and latency,
but not (with limited exceptions described below) on income or other individual or risk characteristics.

If the probability of dying from a specific cause in the current period is p, the individual faces a
lottery with a p chance of dying in the current period and a complementary chance of surviving the specific
risk and facing the lottery over health profiles that is determined by all the other health risks she facesin
the current and future periods. Assuming the current period is one year, the health profile if the individual
dies from the specific risk provides approximately one-half QALY (assuming she is equally likely to die at
any time during the year and that her HRQL until then is nearly one). The value of a small reduction in the
specific fatality risk is

W = Ap E(QALY) - Ap/2 (3.4)

where Ap is the change in the specific risk and E(QALY) isthe expected number of QALY s if she survives
the specific risk. Assuming the expected future QALY's are large compared with 1/2, the second term in
equation (3.4) can be neglected, yieding

W = Ap E(QALY) (3.5)
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As shown by equation (3.5), the value of reducing a specific mortality risk depends on the health
lottery the individual facesif she survives that risk. Indeed, it is nearly proportional to the expected number
of QALYs the individua will live if she survives. This implies that the value of reducing the specific
mortality risk is directly related to the individual’s life expectancy conditional on surviving the specific
risk and to her expected future health state. For an individual who is likely to survive in very good health
(g = 1), the value of reducing the specific mortality risk is proportional to life expectancy. For example, the
conditional life expectancy of US residents is about 58 years at age 20 and 18 years at age 65, and so the
value of reducing a near-term mortality risk to a 20 year old is approximately 3.2 (= 58/18) times as large
as the value of a comparable risk reduction to a 65 year old. If future QALY s are discounted, the effect of
life expectancy is attenuated. Using a recommended discount rate of 3 percent per annum (Gold et al.,
1996) the relative value of reducing risk to a 20 year old would be about twice as large as the value of
reducing risk to a 65 year old.

The effect of a competing mortality risk is to reduce the value of mitigating the specific mortality risk
in direct proportion to the magnitude of the competing risk. This follows because the competing risk
reduces the expected QALY s conditiona on surviving the specific risk. For example, it has been suggested
that the individuals who are at greatest risk of dying because of particulate air pollution face very large
competing risks because of their age and cardio-pulmonary impairments (McMichael et al., 1998). The
associated competing mortality risk may approach one per year, consistent with a life expectancy of less
than one year.™ Under the QALY approach, the value of reducing the risk that such people will die from
air pollution is relatively small, because their life expectancy conditiona on surviving the air pollution is
small.

The value of reducing a specific mortality risk is also proportional to the individual’s expected future
health. Hence, the QALY approach implies it is more valuable to reduce a current mortality risk for
someone whose survival would be in very good health than for someone whose survival would be in
impaired health. For example, the HRQL for life after a myocardial infarction has been estimated as about
0.9 (Salkeld et al., 1997). Under the QALY approach, the value of reducing current mortality risk to
someone who has survived a myocardia infarction is about 90 percent as large as the value of an identical
risk reduction to someone who will survive with the same life expectancy but with no significant health
impairment. Similarly, if people at risk of death from air pollution have low HRQL because of pre-existing
illness, the QALY value of reducing mortality risk from air pollution may be lower than the value of
reducing risks to healthier people.

The effect of latency is aso straightforward. Because the individua’s life expectancy at the time the
latent risk may manifest differs from his or her current life expectancy (typicaly, it is smaller), fewer life
years are at risk and so the expected change in QALY sis changed accordingly.

The relative value of reducing mortality risks to different individuals under the QALY approach is
generally considered to be independent of individua economic circumstances, because life years (adjusted
for health status) are counted equally regardiess of persona characteristics. However, this claim must be
gualified since HRQL, which represents the rate of substitution between longevity and health quality, may
depend on wealth and other economic factors.

First, HRQL may depend on individual characteristics and circumstances. For example, the utility
consequence of health impairment may depend on the individua's ability to mitigate the impairment,
which may depend on economic circumstances. If the effects of an adverse health condition on individual

1> Life expectancy of people who die from air pollution is estimated to be on the order of months to years (Schwartz,
2001), although for those with chronic obstructive pulmonary disease, the mortality displacement may be on the order
of weeksto months (Schwartz, 2000).
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well-being can be substantially offset using market goods (e.g., personnel or mechanical devices), an
individual’s well-being in that state may be positively related to her weath or income. However, since
HRQL measures utility in the impaired health state relative to utility in perfect health, the effect of wealth
on HRQL will depend on the relative degree to which it improves well-being in the two states. Under the
assumption that QALY s are a utility function for health and longevity, the incremental effect of wealth on
welfare is positively associated with health and longevity, except in the unusual case in which incremental
wealth is more valuable as a bequest than in life (see Section 4). Limited empirical evidence also suggests
that the marginal utility of wealth is smaller in impaired health states than in full health.™

Second, under the approach recommended by an expert panel (Gold et al., 1996), the effects of health
status on earnings capability and income are incorporated in HRQL." The effect of health impairment on
income is likely to depend on the individual’s job. Individuas whose income is more sensitive to health
status may have a smaller HRQL for the same health impairment (e.g., a physical disability might cause a
greater income loss to a construction worker than to a writer). To the extent that jobs for which
performance is more closely related to health offer lower wages, lower income people are likely to suffer
greater income losses from health impairment, and hence potential larger decreasesin HRQL.

For evaluating the socia value of changes in health risk, the effects of income or other individual
characteristics on HRQL can be eliminated by valuing al changes using population-average values of
HRQL. Indeed, this is the recommended practice (Gold et al., 1996). However, if HRQL depends on
income, this approach does not aggregate individual changes in welfare and so may lead to ranking health
interventionsin an order different than the affected individuals would rank them.

3.3 Effects of risk attributes

A large literature suggests that individual’s concerns about environmental and other health risks are
sengitive to characterigtics of the risk other than probability and health effects, such as dread, voluntariness,
and controllability (e.g., Slovic, 2000). In principad, WTP can incorporate any effects of these
characterigtics on individuals rates of tradeoff between money and health risk. In contrast, QALY's by
definition depend only on the health states that an individual experiences (and their duration).

Empirica research on the extent to which WTP to reduce mortal or other health risks depends on risk
characteristics is limited, and many of the studies that address this topic do not appear to estimate
individuals' rates of substitution between their own money and risk reductions. Severa studies have
estimated individuals WTP to reduce risks to a population, but these may include substantial amounts of
altruistic WTP to reduce risk to othersin addition to, or as an aternative to, WTP to reduce risk to oneself
(e.g., Jones-Lee et al., 1985; Mendeoff and Kaplan, 1989; McDaniels et al., 1992). Others have estimated
preferences for social programs to reduce various population risks that differ in controllability, dread, and
other characteristics using risk-tradeoff methods in which respondents’ rates of substitution between deaths
averted from different risks are elicited (e.g., Jones-Lee and Loomes, 1995; Subramanian and Cropper,
2000; Chilton et al., 2002; Itaoka et al., 2006). Cookson (2000) used both willingness to pay and risk-
tradeoff methods to estimate relative preferences for programs to save lives from six risks expected to
differ on these attributes (air pollution, birth control pills, food poisoning, medical radiation, automobile
and rail crashes). Savage (1993) asked survey respondents to allocate a hypothetical $100 contribution to

16 Sloan et al. (1998) estimate that having multiple sclerosis (MS) reduces the marginal utility of income by a factor
of 0.67 (estimated for people with MS) or by a factor of 0.08 (estimated for people without MS). Similarly, Viscusi
and Evans (1990) estimate that a workplace accident (which might be fatal or nonfatal) reduces the marginal utility of
income by a factor of 0.78 or 0.93 (using alternative functional forms).

¥ Brouwer et al. (1997) criticize the Gold et al. (1996) recommendation and argue that HRQL should be defined to
measure preferences for health alone, holding income constant.
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research intended to reduce fatal health risks from stomach cancer, household fires, commercial-airplane
accidents, and automobile crashes. As the value of research on methods to reduce risk depends on the
probability that the research will identify practical interventions, the efficacy and cost of the interventions,
itisdifficult to know how to trand ate results of this study to values of reducing alternative risks.

Several studies do provide information on how individua tradeoffs depend on risk characteristics.
Magat et al. (1996) used a risk-risk survey to elicit preferences for reductions in the risk of fatal
automobile accidents and three chronic diseases: termina lymph cancer, curable lymph cancer, and non-
fatal nerve disease. The median respondent was indifferent between equal reductions in the probability of
terminal lymph cancer and of fatal automobile crashes, suggesting that there is no difference in WTP to
reduce risks of automobile-crash and lymph-cancer fatalities (or that any difference is offset by the
presumably longer but unspecified latency for lymph cancer). Hammitt and Liu (2004) elicited WTP to
reduce the risk that the respondent and other members of his or her household would develop a chronic
fatal disease and estimated that WTP to reduce the risk of developing lung disease due to industrial air
pollution is twice as large as WTP to reduce the risk of liver disease due to contaminated drinking water.
Vassanadumrongdee and Matsuoka (2005) elicited WTP to reduce mortality risk from air pollution and
traffic injuries. They found that although the air pollution risk is viewed as less subject to individua
control and more dreaded, WTP to reduce the two risks is equal. Tsuge et al. (2005) found that WTP to
reduce the risk of a fatal cancer is larger than WTP to reduce risks of fatal heart disease or accident,
although the WTP per unit risk reduction (and hence VSL) isthe same for all threerisks.

In contrast to WTP, QALY s incorporate information only about the heath states that are experienced
and their durations. In principal, health states could be defined to include the cause of the impairment (e.g.,
lung cancer caused by smoking cigarettes and lung cancer caused by exposure to industrial emissions could
be treated as different health states) and separate values of the HRQL could be elicited for identical
physiological conditions. This approach has rarely if ever been attempted. It contrasts with the movement
toward using generic health utility instruments to assign a consistent set of HRQL values to health states
(Gold et al., 1996), as the existing generic instruments (e.g., HUI, EQ-5D) define health independent of the
cause of impairment.

A concern when incorporating information about risk characteristics is that individuals may give too
much attention to the risk characteristics and too little to other aspects of the health risk, such as the
severity of any morbidity and the probability of suffering the effect."®* WTP is a more flexible approach in
that it can readily incorporate preferences over risk characteristics, but QALYs have the potential
advantage that they should not be influenced by any excess salience of these characteristics.

4. Potential conversion usng WTP per QALY

If WTP per expected QALY were constant across health risks and individuals, then benefit-cost
analysis (BCA) using WTP to measure benefits and cost-effectiveness analysis (CEA) using QALY's to
measure effects would produce equivalent results (Johannesson, 1995; Garber and Phelps, 1997).° The
assumption that WTP per QALY is independent of wealth or income seems implausible, yet if WTP per
QALY were constant at the individual level, then BCA and CEA as conducted at the population level (e.g.,
using average WTP) could be equivalent. Moreover, this situation would alow an easy conversion

'8 This overweighting of qualitative factors may explain the Tsuge et al. (2005) finding that WTP to reduce risk of
cancer is larger than to reduce heart-disease and accident risks, but WTP per unit risk reduction is the same across
risks.

19 Johannesson (1995: 485) writes “the difference between cost-benefit analysis and cost-effectiveness analysis is that
in cost-effectiveness analysis the willingness to pay per QALY gained is assumed to be the same for al individuals
under al circumstances and for all sizes of the changein QALYs.”
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between WTP and QALY measures of value, which would be useful in permitting estimates of either WTP
or QALY for some intervention to be obtained from studies that estimated the value of that intervention
using the alternative approach. For example, Tolley et al. (1994) estimated WTP for aleviation of a wide
range of health conditions by assuming it is proportional to QALYs gained and the US Food and Drug
Administration often uses this approach to estimate WTP for incorporation in regulatory assessments
(Robinson, 2004).

The following subsections review the empirical evidence and economic theory concerning WTP per
QALY. The conclusionisthat WTP per QALY isunlikely to be constant, even at theindividual level.

4.1 Empirical evidence

Severa studies have examined the relationship between estimates of WTP and QALY 's associated
with various headlth risks. For example, Johnson et al. (1997) and Van Houtven et al. (2003) conduct meta-
analyses in which they estimate how WTP to reduce the risk of suffering acute health impairment depends
on the HRQL and duration of illness. They find that WTP increases less than in proportion to the duration
of illness and bears a nonlinear relationship to the decrement in HRQL. Using stated-preference surveys,
Johnson et al. (2000) find that WTP increases less than proportionally with the duration of illness averted,
Gyrd-Hansen (2003) finds that WTP to improve health is not proportional to HRQL, and Haninger and
Hammitt (2006) find that WTP increases less than proportionally to both duration and HRQL decrement.
Similarly, Jones-Lee et al. (1995) find that WTP to reduce the risk of automobile-crash injuries varies less
than proportionally to standard gamble probabilities (which can be interpreted as measures of HRQL) for
the corresponding injury.

From a theoretical perspective, these empirical results are not surprising. Although WTP per QALY
could be constant at the individual level in theory if certain assumptions were satisfied, these assumptions
are very strong and it would not be surprising if they were violated. The following section describes the
assumptions on individual preferences that must be satisfied if WTP per QALY is constant.

4.2 Theoretical model of utility for health, longevity and wealth

Let lifetime utility u(h, L, w) depend on health h, longevity L, and wealth w. The value of h may be
assumed constant over the lifetime, or may represent an average or other representative lifetime value.
Assume that preferences over health and longevity are such that, holding wealth constant at any value w',
the individual prefers more QALY to fewer. Although the standard form of QALY ubiquitous in the
literature assumes risk neutrality over longevity, Pliskin et al. (1980) propose a more general form of
QALY which includes other risk postures. Under these assumptions, the conditional utility function for
health and longevity holding wealth constant at some value w' can be represented as

uch, L |w") =[q(h) L]’ r>0 (4.18)
=log[q(h)L] r=0 (4.1b)
=—[g(h)L]" r<O0 (4.1c)

where g(h) isthe HRQL associated with health h.

The utility function (4.1a—4.1c) exhibits constant relative risk posture with measure 1 —r. If r = 1, the
individual isrisk neutral over longevity; if r <1, heisrisk averse; and if r > 1, heisrisk seeking.

The literature on QALY sisvirtualy silent on the extent to which HRQL depends on wealth, income,

or consumption. In practice, HRQL is usually elicited with no attention to income or wealth and so it is
assumed (at least implicitly) to be independent of wealth, an assumption that is adopted here.
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If preferences for health and longevity are consistent with the QALY formulation (4.a—41c) and g(h)
is independent of wealth, then conditional preferences for lotteries on health and longevity holding w fixed
do not depend on the level at which w is fixed. Hence the conditiona utility functions {u(h, L |w)} for any
value of w must be strategically equivalent (i.e., represent the same preferences over [h, L]), and so these
conditional utility functions must be related as positive affine transformations (Keeney and Raiffa, 1976).
Thisimpliesthat the utility function for health, longevity, and wealth can be written as

uth,L,w) =u(h, L |w)aw)+bw) (4.2

where a(w) > 0 (so more QALY are preferred to fewer). If there is a subsistence wealth level ws below
which the individua prefers death to survival, a(w) may be less than or equal to zero for w < ws
Substituting equations (4.1a—4.1c) into equation (4.2) yields:

u(h, L, w) [q(h) L] a(w) +bw) r>0 (4.39)
log[q(h) L] a(w) + b(w) r=0 (4.3b)
=—[q(h) L] a(w) + b(w) r<0 (4.3c)

Equations (4.3a—4.3c) describe the utility functions for health, longevity, and wealth that are
admissible under the assumptions that preferences for health and longevity can be represented using risk-
adjusted QALYs and that q(h) is independent of wealth. The literature on WTP to reduce mortality risk
assumes that the marginal utility of wealth in the event of survival is greater than the marginal utility in the
event of death, which is non-negative (i.e., U, (w)>u;(w)>0; see Section 3.1 ). In equations (4.3a-
4.3c), death implies q(h) = L = 0, and so the standard assumptions on the marginal utility of wealth imply
a(w) > 0and b'(w) = Ofor al relevant wealth levels.

In the following section, the implications of these admissible utility functions for WTP per QALY are
examined. For simplicity, consider only the utility function (4.38). This form includes &l three risk
postures for longevity (risk averse, risk neutral, and risk seeking). Analogous results can be obtained for
equations (4.3b) and (4.3c), both of which require risk aversion for longevity. For notational simplicity, let
Q=q(h)L sothat equation (4.3a) may be written as

u(h, L, w) = Q" a(w) + b(w). (4.4
4.2.1 WTP per QALY

Let V be the individual’s WTP per QALY. V is obtained by totally differentiating equation (4.4)
holding utility constant to obtain

__dw_ rQTaw)  ow
~ dQ Qa(w)+b(w) 0Q°

(4.5)

In general, WTP per QALY is not constant but depends on wealth, total QALY's, and risk posture
with respect to longevity. The first term in equation (4.5) represents the pure WTP for improvements in
health and longevity. The second term represents the feedback effect of changes in health and longevity on

lifetime wealth. The magnitude of g_va may depend on whether QALY 's are gained by improvements in

health or increases in longevity. For example, Meltzer (1997) and Bleichrodt and Quiggin (1999) assume
lifetime wealth depends on longevity but not on heath. In the remainder of this section, | focus on pure

WTP for health and longevity. Letting g—g =0, equation (4.5) smplifiesto
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_dw_ rQ"a(w)
dQ Qa(w)+b'(w)

(4.6)

Consider afew special cases. First, let the individua be risk neutral with respect to longevity (r = 1,
the case usually assumed in applications). Equation (4.6) simplifiesto

_ aw)
V= Q@)+ W) @

and so marginal WTP per QALY is adecreasing function of the number of QALYs.

In the case where the individua is indifferent to the level of his bequest (b'(w) = 0), equation (4.6)
becomes

_raw)

Q a’(w)

Again, WTP per QALY decreases with total QALYs. In addition, WTP increases with r. Since the

individual’s degree of relative risk aversion with respect to longevity is equal to 1 —r, an increase in r

decreases risk aversion (increases risk proneness) with respect to longevity, so WTP per QALY depends

on the risk posture for longevity. Specifically, an increase in risk aversion with respect to longevity
decreases marginal WTP per QALY .

(4.8)

Consider the general case given by equation (4.6). In the following subsections | investigate the
dependence of WTP per QALY on wealth, health, and longevity.

4.2.2 Effect of Wealth on WTP per QALY

The effect of wealth on WTP per QALY can be examined by differentiating equation (4.6) with
respect to wealth to obtain

vV _ rQr‘l{a’[Qr a’+ b’]— a[Qr a’+ b”J}

(4.9
ow lQra’+b’f
where w is suppressed to simplify notation. Further algebraic manipulation yields
a'(w
Vv _y|&W) )+7z'(w) (4.10)
ow a(w)

where mi(w) is the measure of local risk aversion.” Equation (4.10) shows that the effect of wealth on V
depends on V and on the sum of the local boldness coefficient for a(w) (i.e., a(w)/a(w)) and the local risk

% This result contrasts with the common but erroneous claim that risk aversion increases VSL (Eeckhoudt and
Hammitt, 2004).

o @Y o) s br(w)

a?/v“(q’ Lw) ~ Qaw)+b(w)’

“rlw)=-
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aversion with respect to wealth. As both a(w) and a(w) are greater than zero, the local boldness coefficient
is positive. Hence an increase in wealth will increase WTP per QALY whenever n(w) = 0, i.e., whenever
the individual is risk averse or risk neutral with respect to wealth. Wealth can decrease V only if the
individual is sufficiently risk seeking with respect to wealth. This result is analogous to the result for WTP
to reduce mortality risk, where VSL increases with wealth except when the individual is sufficiently risk
seeking in the states of life or death (Weinstein et al., 1980). The finding that, under reasonable conditions,
WTP per QALY increases with wealth is unsurprising and has been previously recognized (e.g., Gold et
al., 1996; Garber and Phelps, 1997).

4.2.3 Effects of Health and Longevity on WTP per QALY

To evaluate the dependence of WTP per QALY on health and longevity, differentiate equation (4.6)
with respect to Q to obtain

oV Q" Yra[-a’+(r -]
dQ [Q’ a’+ b’]2
The sign of equation (4.11) depends on the risk posture with respect to longevity and the marginal

utility of bequests. If the individual is risk neutral or risk averse with respect to longevity (r < 1) or the
marginal utility of bequest is zero (b' = 0), then the marginal WTP per QALY decreases with increasing
QALYs. In contrast, V may increase with Q if the individua is risk seeking with respect to longevity (r >
1) and assigns positive marginal value to his bequest (b'(w) > 0). The only case in which V is constant
occurs when the term in brackets in the numerator vanishes, which requires that the increase in the
marginal utility of wealth with respect to QALY s (i.e., a(w)) bears a specific relationship to the marginal
utility of a bequest (b'(w)). Because @ > 0 and b' = 0, this can occur only when b' > 0 (i.e., the marginal
utility of abequest is positive) and for values of r > 1, i.e., when the individual is risk seeking with respect
to longevity.

(4.11)

4.3 Summary

Empirical evidence suggests that WTP to reduce risks to health is a non-linear function of the
expected gain in QALYs. Typicaly, WTP increases less than in proportion to both the duration of the
impaired health condition and to its severity as measured by the decrement in HRQL. A theoretical model
revealsthat, if anindividual’s preferences for health and longevity are consistent with QALY's, then (under
reasonable conditions) individua WTP per QALY increases with wedth. For most reasonable
assumptions, WTP per QALY decreases with QALY's, although it can increase with QALY s when the
individual is risk seeking with respect to longevity. Individual WTP per QALY can be a constant,
independent of QALY's, but only when the increase in the marginal utility of wealth with respect to
QALY bears a specific, precise relationship to the marginal utility of a bequest. This relationship cannot
be satisfied when the individua is risk neutral (as typically assumed) or risk averse with respect to
longevity, or when heisindifferent to the size of his bequest.

For applications to evaluating measures to evaluate environmental-health risk, the likelihood that
individual WTP per QALY is not constant (and hence that WTP is not proportional to expected QALY's
gained) does not necessarily mean that one should not convert between these measures. For small changes
in health (e.g., where the change in HRQL is small), it may be possible to obtain a reasonable estimate of
WTP using alocal approximation to WTP per QALY . Note however that arecent US Institute of Medicine
panel recommended against using estimated changes in QALY s as a basis for estimating WTP because of
the differences in their underlying theoretical bases and in the types of tradeoffs they dlicit (Lawrence et
al., 2006).
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5. Differences between children and adults

Most of the literature on valuing health risks is oriented toward valuing risks to adults. Both WTP and
QALY frameworks take as a starting point the notion of an autonomous individual who is knowledgeable
about the consequences of various health risks and is able to gauge the effects on his or her well-being of
changes in hedlth state, probability of health impairments, and changes in income and thus consumption of
other goods.

In considering valuation of risk to children, three points appear to be central: (1) differences in
cognitive ability and legal status between children and adults, (2) the expectation that children will
progress through a series of developmental stages, ultimately becoming adults, and (3) the timing of the
exposure to arisk, manifestation of health consequences, and duration of those conseguences.

The idealized rational, informed, and autonomous individual of economic theory is not an accurate
picture of atypical child, and society does not generally view children as autonomous economic agents.
Most children do not earn income or make economically significant choices regarding their health and
well-being. Children may also differ from adults in their view of death and may exhibit higher degrees of
risk-taking behavior, perhaps because of their undeveloped cognitive abilities and limited practical
experience (Harbaugh, 1999). Y oung children often have difficulty imagining and understanding death in
the same way that adults do. They may view death as a type of sleep or as an event that happens only to
bad people (Carey, 1985). Compared with adults, both children and adolescents may have shorter time
horizons, discount the future at higher rates, and underestimate the value of future consumption (Harbaugh,
1999). In short, al of these observed differences present problems for the standard economic assumptions
of informed and rational behavior.

Differences in apparent rationality and autonomy between children and adults may be overdrawn,
however. It is well known that adults often make decisions and express preferences that are inconsistent
with basic axioms of rational decision making. There is a wedth of experimental evidence showing
violations of expected utility theory and decisions are often influenced by which of severd alternative but
logically equivalent descriptions of a choice are presented (Kahneman et al., 1982). Responses to
contingent valuation questions that are widely used to estimate WTP to reduce health risk amost
invariably violate the prediction of standard economic theory that WTP should be nearly proportionate to
the change in probability of death or illness (Hammitt and Graham, 1999).

Moreover, few adults are autonomous. Most function as part of a multi-person household and a larger
community, both of which influence their decisions and control over resources. Although conventional
estimates of WTP are often described as measures of individual preferences, it seems more tenable to
interpret them as measures of household WTP. In some cases, the change in health risk is to a defined
individual (e.g., the worker in studies of compensating wage differentials). In other cases, the risk change
may benefit the entire household (e.g., studies valuing risks from air pollution or contaminated drinking
water, Hammitt and Liu, 2004). In all cases, the opportunity cost of a mortality risk reduction is a decrease
in household disposable income. Depending on how a household alocates consumption among its
members, some or all of them must have lower consumption as a result.

The difference between “children” and “adults’ is in many ways more a continuum than a discrete
difference, with children gradually merging into adults as they age. From a economic-theory perspective,
the reason to rgject basing a measure of valuation on children’s own preferences is not that children are
gualitatively different from adults, but rather because children differ more from the idealized theoretical
decision maker than adults differ from this idealization.
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Differences in cognitive ability suggest that most children cannot make informed and considered
choices about actions that may affect their health, and so it would not be appropriate to rely on children’s
responses to stated-preference surveys to measure preferences. While children may be able to answer
guestions describing their health, perhaps as part of a generic health utility instrument (e.g., EQ-5D, HUI),
thisis not sufficient to allow their responses to be used in estimating QALY s because it remains necessary
to have a scoring function to translate the multi-attribute classification of a heath state to an HRQL for that
health state. It is not apparent how one could either construct a scoring function for children’s preferences,
or validate the applicability to children’s preferences of an existing scoring function (e.g., one for adults
preferences), if it is accepted that children’s judgments about tradeoffs between length and quality of life
are not normatively acceptable. Hence for both WTP and QALY approaches, reliance on proxy
respondents appears necessary.

An alternative reason to treat children and adults as distinct arises from socia policy judgments. Legal
digtinctions are frequently made between adults and children concerning rights and responsibilities,
including a wide range of behaviors (driving, drinking, voting, entering contracts) and sanctions (different
crimina justice systems). Societies always face the issue of defining membership, rights, and
responsibilities, and a common position is that children are qualitatively different from adults and do not
have the same legal standing. There are no bright lines between “child” and “adult” and so legal definitions
differ between issues and societies. From this perspective, the child’s preferences about health risks could
be judged to be of limited relevance to policy decisions, even if there were no concerns about children’s
decision-making abilities.

Societies often express a special interest in children that may over-ride the interests of the children’s
parents or guardians. In part, these interests reflect children’s lack of autonomy and their dependence on
parents and other adults to make decisions on their behalf, and society is interested in protecting innocent
children from poor decisions by their parents or guardians. This interest may be related to the finding that
people are often more fearful of risks they perceive as less subject to their own contral (e.g., being a
passenger rather than a driver in an automobile). Because children have less autonomy than adults, they
have less individual control over exposure to many risks, and so society may be particularly concerned to
protect them.

For WTP measures of value, household WTP appears to be an appropriate starting point.
Understandably, parents know and care about their children’s health, and they are accustomed to making
economic decisions that affect their children. To some extent, economists may view parental choices as
altruistic behavior, but they may also regard households as unitary economic agents with preferences and
behaviors that are the result of some intra-household decision-making process.

For QALY measures, two views may be supported. The utility-theory justification for QALYs is
based on an individual’ s preferences, and surely the individual is the one who most directly experiences his
or her health status and longevity. But other household members are influenced by an individual member’s
health and longevity as well, and so it is possible that a household could be viewed as having a utility
function defined over its members’ health, just as it can be viewed as having a utility function over its
members consumption of conventional goods. In the QALY framework, it would appear that effects on
household utility could be constructed by summing the expected changes in household members’ QALYSs,
perhaps including any effects on one household member’s health or another’s (e.g., through care-giving).
Alternatively, QALY's are sometimes viewed as a standard measuring rod, independent of any specific
individual’ s preferences. One justification for this approach is provided by an extra-welfarist perspective,
in which QALY s are justified as a socially adopted measure, not because they represent any individual’s
preferences but rather because society adopts them as the measure to be maximized.
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It should be noted that adopting a household perspective raises complications that the idealized
individual perspective avoids. First, it is well known that methods for group decision making typically do
not result in choices that can be described as maximizing a standard utility function (Arrow, 1963). A
variety of household alocation models have been developed, including consensus parental preference
models, in which parents act as if they are maximizing a single utility function (Behrman et al., 1995;
Dockins et al., 2002). Conditions for testing whether households act as if they maximize a single utility
function have been developed by Browning and Chiappori (1998). Moreover, household composition
changes over time, in both predictable and unexpected ways. Households may gain members when new
children are born or are adopted, may lose members through death or when a child matures and establishes
her own household, and may dissolve entirely through divorce. In principle, the current preferences of a
household should recognize these future possibilities and their implications for members welfare.

Valuation of health risks may depend on the timing of exposure and the manifestation and duration of
potential effects. Exposures that occur in childhood may lead to health impairments that occur only in
childhood, that begin in childhood but extend into adulthood, and that do not begin until adulthood. From
the individual perspective, the distinction between health effects experienced as a child and as an adult may
be important because one's role in a household or society differs between childhood and adulthood, and
health impairments may have different effects on ability to perform these roles. From the social
perspective, to the extent that the special concern for children reflects an interest in protecting them from
poor decisions made by others (e.g., parents, guardians) on their behalf, the critical issue seems to be the
timing of exposure (and of the decisions leading to exposure) rather than the issue of whether the health
impairment first manifests in childhood or is delayed until the child reaches adulthood.

6. Conclusions

WTP and QALY s are alternative and frequently used approaches for valuing environmental and other
health risks. The methods rely on somewhat different theoretical underpinnings. WTP is the more flexible
approach. It imposes few constraints on individual preferences with respect to health risks. QALY simpose
more structure and require that the value of a health effect be proportional to its severity (as measured by a
health-related quality of life scale) and duration.

QALYs are defined in terms of the health effect experienced by an individua and do not alow for
variation in preferences associated with characteristics of the risk that may produce a change in health
state, such as controllability, voluntariness, and dread. In principle, effects of risk characteristics could be
included by defining a health state to include characteristics of the risk that produced it, but this approach
has not been examined or tested. WTP can include preferences related to these risk characteristics. Thereis
only limited empirical evidence concerning the magnitude of the effects of these characteristics on WTP,
and there is a danger that over-reaction to risk characteristics may lead to biases in estimated WTP (in
either survey or reveal ed-preference contexts).

The structured nature of QALY's implies that the value of mortality risk is clearly related to factors
such as the life expectancy and likely future health of the affected individual, the latency of the risk, and
the magnitude of competing mortality risks. In contrast, the relationships between WTP to reduce mortality
risk and life expectancy, likely future health, and latency of the risk are theoretically ambiguous.

The relationship between WTP and QALY's does not appear to be straightforward. Although the
relationship is likely to be at least close to monotonic, the notion that there is a simple transformation
between the two measures, as would be the case if individual WTP per QALY were constant, for example,
is not supported by empirical evidence. Moreover, economic theory suggests that a linear relationship is
possible only under highly restrictive assumptions.
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For policy evaluation, WTP measures provide, in principle, a more accurate measure than QALY's of
the preferences of the affected individuals. This follows because, unlike QALYS, WTP measures do not
impose restrictive conditions on preferences for heath and longevity. However, this added flexibility
comes at the potential cost of greater difficulty in estimating values. In stated-preference surveys (and
perhaps aso in the behavior that is observed in reveaed preference studies), thereis arisk that respondents
may be over-sensitive to some aspects of a risk (e.g., certain qualitative attributes) and under-sensitive to
others (e.g., probability or duration of effect), providing misleading information about their preferences.
By constraining values of health effects to be proportiona to duration, severity (as measured by HRQL),
and probability of occurrence, an evaluation using expected QALY s may be less subject to these dlicitation
difficulties. In effect, QALY s may provide a more accurate measure than WTP of individual preferences if
the reduction in error (either systematic or random) that results from constraining values exceeds the bias
introduced by imposing restrictive assumptions that conflict with preferences.

An alternative justification for using QALY s rather than WTP is that QALY s may provide a fairer or
otherwise preferred measure of the social value of policies that affect heath risk in a population. This
extra-welfarist justification explicitly rgjects the conventional economic notion that public policies should
be chosen in large part to maximize the self-assessed well-being of the affected population and relies
instead on a notion of preferences for socia outcomes that are distinct from (and may conflict with) private
preferences (e.g., Gold et al., 1996; Williams, 1997).

Vauation of environmental-health risks to children presents challenges in addition to those faced
when valuing risks to adults. These include differences in cognitive ability, practical and legal autonomy,
and the apparently greater socia interest in protecting children than adults. It is useful to recognize that
exposures to environmental-health risks in childhood may produce health effects that manifest in childhood
(and may or may not continue into adulthood), or may manifest only in adulthood. As the decisions that
influence these health effects must precede exposure, it appears that the timing of exposure rather than the
manifestation of health effectsis most important in valuing these risks to children.
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Figure 1. Indifference curves for survival probability and wealth

Starting from A, WTP to improve the probability of surviving the current period from pg to p, is equal
to the distance B — C. WTA compensation in place of improving health from p, to p; is equal to the
distance D — A. The distance B — C also represents WTP to prevent a reduction from p; to po, and the
distance D — A represents WTA compensation to permit a reduction from p; to po.
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1 With intervention

HRQL

Withaut intervention

Figure 2. QALYs for two hypothetical health profiles

The intervention improves health at all ages after an initia period and extends longevity from D, to
D,. Thedifference in QALY sisthe area between the two health profiles.
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