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1. Introduction

Estimating human hedlth benefits from environmenta improvements is important both to
policy makers and academics. In the 20 years since President Reagan signed executive order
#12291 requiring regulatory impact assessments of mgjor federa rules and regulations, benefit-
cost andysis of hedth-oriented standards has come into widespread use in the policy arena.
From an academic viewpoint, vauation of improved hedlth and other non- market commoditiesis
akey aspect of applied welfare and environmental economics. These two sources of interest in
edimating willingness to pay for improved hedth have simulated a consderable volume of
research. Relatively more research has been devoted to estimating willingness to pay for
reduced mortdity; i.e, esimating the value of agtaidticd life. One reason for thisemphasisis
that death is amore easily measured outcome than illness or injury. Degth is a one-dimensiond
event, whereas there are varying degrees of illness and injury. Willingness to pay for reduced
morbidity, however, is ill important to study in an environmenta context because of the need to
evauate the reduction in nonfata hazards and because of the potentidly large size of affected
populations.

This paper criticaly reviews methods for estimating the vaue of reduced morbidity and
suggests directions for future research. This review looks at the three methods that have been
used most widdy: (1) cost-of-illness, (2) contingent vauation, and (3) averting behavior. It
leaves aside the few estimates that have been obtained by hedonic methods and using risk-risk
tradeoffs. Section 2 presents an overview of conceptual issues concerning the three methods
surveyed. Section 3 discusses how the methods have been applied. Section 4 presentsa

summary of morbidity values that have been obtained in specific Sudies.



2. Conceptual Framework
The smple modd used as areference point in this survey has along history of

gpplication in both health economics and environmenta economics (Grossman 1972, Courant
and Porter 1981, Bartik 1988). Asshown in equation (1), individuas obtain utility (U) from
consuming two types of goods: (1) their own hedth capital (H), and (2) goods that yield direct
satisfaction but do not affect hedth (X).

@ U=U(X,H)
Individuas purchase X in the market place, but produce their own hedlth using the production
function shown in equation (2)

) H=H(Z:a,W)
where Z isamarket good that individuas can purchase to improve hedth (Hz>0), i.e., reduce
morbidity. Medica care can be thought of as an example of Z, but there are many other
possbilities and the choice of which to adopt will depend on the particular setting in which the
mode isused. Also, a denotes an exogenoudy determined amount of an environmental good,
likear or water qudity, that pogtively affects individua hedlth stocks and W denotes
individuas genetic endowments (Ha>0, Hw>0). Animportant feature of the mode is that
hedlth is treeted as an endogenous variable and that by consuming Z people can ameliorate
effects of deterioration in environmenta qudity. Utility is maximized subject to the full income
budget congtraint shown in equation (3).

3 Xox+Zg=WT+A



Here, g; denotesthe full time inclusive price of agood (j=X, Z), g;=p;+ WT], where p; denotes the
money price of good j, T; denotes the amount of time needed to consume aunit of j, W denotes
the wage rate, and A denotes income from an exogenous source.

The mode can be manipulated in order to derive two results that have been frequently
goplied in the hedth vauation literature. The firgt is a compensating variation type expression
for margina willingnessto pay either for improved hedth (reduced morbidity) or for improved
environmenta quality. This caculation can be made dgebraicaly (Gerking and Stanley 1986)
by: (1) totdly differentiating the utility function and setting dU=0, (2) totdly differentiating the
budget congtraint, holding full prices, wages, and total time available congtant, and (3) using the
first order equationsto obtain

(4)  TAMa=-HaoqUn/Ux=-Haqz/Hz<0

Equation (4) indicates that individuas willingnessto pay (by giving up income) for an
improvement in environmental quality isegua to the negative of the monetized margind rate of
subgtitution between health and the composite good, gxU 1/Uy (the margind willingnessto pay
for improved hedlth), times the partid effect of an improvement in environmental quadity on
hedth, holding Z and W constant (H,). Using first order conditions from the modd, this
monetized margind rate of subgtitution can be re-expressed as the marginal cost of usng Z to
improve hedlth (g/Hz). For example, let a denote air quality and suppose that asmall
deterioration in a causes headaches that can be relieved by taking two aspirin. Then, equation
(4) suggests that willingnessto pay for asmdl improverment in air quaity would be the cost of
the two aspirin that are not taken, where the cost includes the vaue of any time needed to buy the
asoirin or to find some that had been purchased previoudy. In generd, willingnessto pay is

greater if Z is expengve with alow margind product for improving hedth and the margind



effect of environmentd qudity on hedth is comparatively large. Second, as demondrated by
Bockstael and McConnell (1983), if Z isan essentid input in the production of hedlth and there
iswesk complementarity between H and a, then changes in the area behind the demand curve
for Z dso measure margina willingness to pay for improved environmentd qudity. Both
approaches are atractive for applied work. As shown in equation (4), willingnessto pay can be
computed without knowing vaues of the margina utility terms. Also, estimating the area behind
the demand curve for Z is a least conceptualy smple.

Five important cavests regarding the model just described, and equation (4) in particular,
warrant further comment before turning to gpplications, however. Firgt, the model consders an
individud’ s optimization problem over only one period. In consegquence, the perspective taken
isthat a person might get sick (or sicker if a pre-exigting hedth condition is present) if
environmenta quaity worsens, but life nevertheless goes on. Thus, the model might be thought
of as more appropriate for morbidity valuation than for mortaity vauation, although the
digtinction between the two problemsis obvioudy not clear-cut. 1linesstoday can, but does not
necessaxily, lead ether directly or indirectly to deeth a alater time. Yet, asmple modd aimed
a mortdity vauation might envison two (or more) periods, in which the second (last) period
would specificdly dlow for death (H=0) as a possible health outcome. In this setup, first-period
expenditures on safety (agood like Z) affect the probability that consumption occursin the
second.  Smith (1991), Freeman (1993), and Blomquist (2001) provide careful surveys of the
use of household production models to value reduced mortality risks.

Second, equation (4) of the modd focuses on margind willingnessto pay for asmdl
improvement in environmenta qudlity. It aso suggeststhat an individud would be willing to

accept that same amount of money as compensation for a reduction in environmenta quality of



equa magnitude. Willig (1976) demongtrates that difference between the two measures should
be quite smdl and due entirdy to income effects. Neverthdess, field applications aswdll as
experimenta studies have repeatedly demondtrated that values of non-market goods obtained by
edimating willingness to accept generdly exceed those obtained by estimating willingnessto

pay. Reasonsadvanced for this outcome include the argument that people vaue losses more
than gains, and reductions in losses more than equivaent foregone gains (Knetsch 1993). The
remainder of this paper, however, leaves aside the willingness to pay vs. willingness to accept
controversy and focuses on willingnessto pay estimates. As discussed more fully in Section 4,
most studies of morbidity vaues are amed a getting willingness to pay for improvementsin
hedlth rather than willingness to accept vaues for reductionsin hedth.

Third, measuring willingness to pay for large changes in hedth or environmenta qudity,
based on the reveded preference for Z, generdly is more difficult than esimating margind
willingnessto pay. Bartik (1988) showed that under certain assumptions, non-margind
willingnessto pay for an environmenta qudity improvement bounded from above and below
using smple calculations based on savingsin averting expenditures. However, empiricd efforts
to estimate the exact willingness to pay for anon-margina change in environmenta qudity,
rather than smply to bound it, require more sophisticated theoretica and econometric methods
(Dickie and Gerking 1991b; Agee and Crocker 1996).

Fourth, the modd limits consideration to the case of one “target” variable (H) and one
“ingrument” (Z), whichisnot adirect source of utility. Dickie and Gerking (1991) extend the
mode to treat more generd Situationsin which the individua home produces an arbitrary
number of (n) hedth attributes. These could be different health symptoms like cough and

headache or the hedth of severd family members. One case envisioned involves m market



goods that are argumentsin n production functions for the hedlth attributes, but like Z in the
model just presented, the market goods provide no additiona services other than in the
production of hedth. This generdization introduces the possibility of joint production in which
one of the market goods might be used in the production of two or more hedlth attributes. This
complicating factor has been treated at length by Pollack and Wachter (1975), Hori (1975), and
Bockstad and McConnell (1983) and rai ses the question of whether willingnessto pay for
environmenta qudity (TA/fla) still can be expressed in terms of prices and household production
function parameters asin equation (4).

It turns out that if household production technologies are independent and if there are at
least as many hedth-related goods as hedlth attributes (m? n), then prices and production
parameters aone encode enough information to identify the individua margind hedth attribute
values. On the other hand, if there are too few “instrument” varigbles or if some household
production technologies for the “target” variables are not independent, then one hedlth attribute
cannot be varied independently of others. Asareault, individuals do not have a choice among
some combinations of health attributes, and the budget congtraint on which each hedlth attribute
mud lieis nat differentiable. In this Stuation, willingnessto pay for a cleaner environment
cannot be written as asmple expression in terms of prices and margina productivity of inputs to
the household production function.  On the other hand, if the number of “ingrument” variables
exceeds the number of home produced hedlth attributes, a Smple generdization of equetion (4)
can be obtained which expresses A/fla in terms of margind cogts of using “ingruments’ to
achieve “targets” Additiondly, when m>n equating of margina conditions from the model
imposes restrictions on production parametersthat, at least in principle, can betested in an

empiricd setting.



In another possible setup that can easily be extended to the mxn case, the “ingrument”
good isadirect source of utility, another form of joint production. To illugtrate, assumethat in
the model presented, Z is an argument in both the hedlth production and utility functions. For
example, Z Hill could be thought of as medica care, but individuas now get utility directly by
going to the doctor. Alternatively, Z could denote lifestyle factors (i.e., cigarette smoking,
acohol consumption, or exercise) that enter both the household production function and the
utility function. In this Stuation, Z has an independent effect on utility apart from its effect on
hedlth and the correct expression for willingnessto pay for improved environmental quality
would be

5)  TANa =-gUnHa/(UnHZz+Uy)
where Uz denotes the margind utility of Z. Notice that in equation (5), willingness to pay for
environmenta quality cannot be written as amultiple of the margind cost of using Z to improve
hedlth, except in thetrivial casswhereUz=0. Thus if Uzt 0, it would not be possibleto
diminate the margind utility terms from the willingness to pay expresson.

Fifth, the modd treats the health production function as a determinigtic, rather than asa
probabiligtic, relationship. In other words, when people use Z to improve hedlth, they may not
exactly know what its effect will be, so amore complete modd would dlow for a continuum of
hedlth outcomes. Shogren and Crocker (1991) make this point and develop amode in which
sdf-protection influences the probability and/or the severity of an undesired (hedth) state. Inthe
most generd verson of the modd, the individua’ s margina willingness to pay for better
environmental quality cannot be expressed solely in the smple terms of equation (4) because
unobservable utility terms cannot be diminated from the expresson for willingness to pay

except in three specid cases. Shogren and Crocker (1991, p.13) conclude that: (1) implications



of this result for efforts to value hedth (and property) are unequivocaly negative, (2) only the
three specid cases provide support regarding the efficiency of traditiond vauation efforts, and
(3) empiricd efforts which estimate willingness to pay usng margind rates of technica
subdtitution from the hedlth production function are misdirected.

The Shogren and Crocker paper represents ahighly pessmistic view of the ability of
gtandard models to develop a useful guide for estimating willingness to pay for better hedth or
for environmental goods. However, their conclusion may well be overdrawn for two reasons.
Firgt, Quiggin (1992) points out that the standard analysis relating willingness to pay to the
margina rate of subdtitution between environmental quaity and sdf- protection measures (see
equation (4)) till would be correct in a somewhat less generd version of the Shogren and
Crocker andysis. In particular, Quiggin begins with the Shogren and Crocker modd and then
assumesthat: (1) preferences digplay absolute risk aversion and (2) random events (from the
date of the world) affecting hedlth outcomes are separable from sdf-protection efforts in the
function capturing the combined impact of probability and severity of loss from environmenta
hazards. He goes on to argue that the separability assumption is naturd one in cases where self-
protection is a perfect subgtitute for public action to reduce a hazard and that most of the
examples proposed by Shogren and Crocker can be characterized in this fashion (Quiggin 1992,
p.48). Shogren and Crocker (1999, p. 44) argue that the separability assumption isan
unwarranted smplification in many applications and that if adopted would subordinate the role
of economists to naturd scientistsin environmental research and policy discussons. Y, the
Quiggin paper isimportant for itsingght into what additiona conditions are required to link the

more generd Shogren and Crocker framework to smpler and more widely applied methods.



Second, tractability of any vauation method does not rest entirely on whether utility
terms can be diminated from awillingness to pay expresson. In some stuations, it is possble
to estimate these terms econometricaly as coefficients in aregression equation. For example,
suppose that the modd initialy proposed is dternatively specified so that two hedlth “targets’
are considered, H; and Hy, and one “instrument” Z is used in the production of both. As
discussed previoudy, utility terms cannot be diminated from the expressons for willingness to
pay for improved health and environmenta qudity in thiscase. However, holding utility
congtant, a change in expenditures for Z can be written as

(6)  d(@D)=(axU1/Ux)dH1+ (gxU2/Ux)dHz-WAT
where U1 and U, are margind utilities of the hedlth attributes and, as discussed in connection
with equation (4), coefficients of dH; and dH, are the vaues of willingness to pay for the two
hedlth attributes. Dickie and Gerking (1996) show how equation (6) can be developed into an
econometric model and gpply it to field data collected from a survey designed to investigete the
importance of joint production.

3. Methods of Estimating Willingnessto Pay

This section discusses three commonly used methods of estimating values for reduced
morhbidity and shows how they relate to the model just described. The cost-of-illness method is
treated fird, followed by contingent vauation method and the averting behavior method.

Cost-of-11Iness

The cost-of-illness method (Rice 1966, Cooper and Rice 1976, Rice, Hodgson, and
Kopstein 1985, Hartunian, Smart and Thompson 1981, and Hu and Sandifier 1981) measures
direct and indirect costs of morbidity. Direct costs include the value of goods and services used

to treet, rehabilitate and accommodateill or impaired individuals. Indirect cogs reflect the vaue



of foregone productivity, most often measured as foregone earnings. Key practicad issuesin
applying the cogt-of- iliness gpproach indude: (1) accounting for the full impact of chronic illness
on earnings, (2) choosing an gppropriate wage rate to gpply to lost work time, and (3) valuing
time spent in unpaid work.

The main theoretica issue concerning use of the cogt- of-illness approach isthat it
measures ex post codts rather than willingnessto pay. In the context of the mode developed in
the previous section, the cost-of-illness method ignores possible changes in defensive
expenditureson Z, and focuses on costs of restoring hedlth after a person becomesill. Thus, this
method treats the health production function as a dose-response relationship and then applies
average treatment costs to determine values.  Willingness to pay, on the other hand, looks at the
margind cogt of using Z to defend againg a reduction in health as environmenta quality
worsens. Theoretica comparisons of cost-of-illness to willingness to pay morbidity vaues are
not entirely sraightforward. In fact, Berger et al. (1987, p. 976) develop amode similar to the
one presented above in which there are apparently no plausible assumptions that can be made to
amplify the willingness to pay messure to cost-of-illness. Also, inasmilar modd to that
presented in Section 2, Cropper and Freeman (1991) show that willingnessto pay can be
expressed as the product of the dope of a dose-response relationship times the margina vaue of
illness. Because the margind vaue of illness, which includes pain and suffering, defensve
expenditures, logt leisure time, and possible dtruigtic benefits, islikely to be higher than average
treatment cogts, an individud’ s cost of illnessis frequently regarded as alower bound on
willingnessto pay (Harrington and Portney 1987). Moreover, empirica comparisons show that

willingness to pay estimates exceed corresponding cost-of-illness estimates, by afactor of 3 or



more (Berger et al. 1987, Chestnut et al. 1988, 1996, Dickie and Gerking 1991a, Rowe and
Chestnut, 1985, Agee and Crocker 1996, Viscus et al. 1991, and Krupnick and Cropper 1992).

Contingent Valuation

Contingent vauation, first proposed by Ciriacy-Wantrup (1947) and first applied by
Davis (1963), dicitsindividua vauations of a hypothetica commaodity, such asaposshble
improvement in hedth, usudly using survey research methods. Early use of this method often
focused on vauing recreetion benefits (Bishop and Heberlein 1979) and air qudlity, vishility and
aesthetic environmental preferences (Brookshire et al. 1982). More recently, the method has
been used extensively to obtain values for avoided morbidity; example gpplications include
vauation of respiratory and other symptoms of air pollution exposure (Loehman et al. 1979,
Loehman and De 1982, Dickie et al. 1987, Alberini et al. 1997, Alberini and Krupnick 1998,
2000), avoidance of asthma-related illness (Rowe and Chestnut 1985, Dickie and Ulery 2001),
and avoidance of angina symptoms (Chestnut et al. 1988). An advantage of this method isthat it
isquiteflexible; for example, vauation questions can ask for person’ s willingness to pay for any
aspect of hedlth, or any non-market good for that matter. Also, it can be used to obtain vaues for
what a person would be willing to pay for improving the hedlth of other family members or of
persons outside the household. Standard references on contingent val uation are Mitchell and
Carson (1989), Cummings, Brookshire, and Schulze (1986), and Bjornstad and Kahn (1994).

Contingent vauation can be thought of as an atempt to directly measure willingnessto
pay (TA/fa) in the model presented in Section 2, dthough investigators often set the modd up a
bit differently. For example, Alberini et al. (1997) and Alberini and Krupnick (1998) formulate
aclosdy rdated version of the household production modd, previoudy discussed in connection

with the cogt- of-illness method, in which willingness to pay is written as the effect of pollution



on illnesstimes the margind vaue of illness. As Cropper and Freeman (1993) argue, this
gpproach dlows them to combine an epidemiologica study with a contingent vauation survey in
order to estimate willingnessto pay to avoid air pollution-related illness episodesin Taiwan.

The epidemiologica portion of the study used air pollution data that were matched to hedth
diary data collected from study participants. The contingent val uation portion was administered
to participants at the end of the study and focused on describing and then vauing the most recent
episode of illness experienced.

These sudies illudrate three important practical issues in gpplying the contingent
vauation method. Firgt, a sampling plan must be developed. While some contingent vauation
gudies have employed smdl, convenience samples, aform of random sampling is obvioudy
preferred, with a sample size large enough to support precise estimation of values and detailed
andysis from subgroups of interest. Nevertheless condraints aways emerge. Inthe Alberini et
al. and Alberini and Krupnick studies, for example, survey respondents lived within 750 meters
of an ar pollution monitoring station because of the need to match their hedlth diary data with ar
pollution readings for the epidemiologica portion of the sudy.  Additiondly, in-person
interviews (used in these studies) often are preferred over telephone and mail surveys. In-person
interviews alow researchers to maintain greater control over the information presented to
respondents and permit use of more complex survey designs with follow-up questions that
depend on answers given previoudy. However, in-person surveys generaly are more costly and
may be susceptible to “interviewer effects’ in which respondents answers are inadvertently
influenced by the person collecting the data.

Second, the commodity to be valued must be described. Regarding questionnaire design,

apaticularly important issue is that respondents must understand the commodity, and believe



that the amount of the commodity could be changed as described in the survey. One Strategy is

to present study participants with a common set of researcher-designed illnesses or risk estimates
(Loehman et al. 1979, Berger et al. 1987, and Viscus, Magat, and Huber 1987). Perhaps a better
dternative, however, isto have respondents define the illness episode or risk change to be valued
(Alberini et al. 1997, Alberini and Krupnick 1998, and Dickie and Gerking 1996). The

reasoning hereis that contingent vauation is more likely to be successful when participants have
aclear understanding of the commaodity to be valued. On the other hand, participants may be

less able to express meaningful vaues for avoiding diseases or symptoms they may never have
actudly experienced.

Third, contingent vaues for the commodity must be eicited. Important gpproachesto
eiciting morbidity values are the “ operntended” and “referendum” questions, while “ contingent
behavior” and contingent ranking,” have been used less often. Early research typicaly used
open-ended questions of the form “What is the most you would be willing to pay for....?’
Respondents might circle adollar figure from a set of vaues on a payment card or they might
amply stateavaue. In principle, the open-ended approach directly dicits each respondent’s
maximum WTP. But respondents appear to find it difficult to answer thistype of question, as
evidenced by high rates of non-response, zero responses, or implausibly large vaues (Freeman
1993). These problems may arise because people rarely have to decide the most they would pay
for something; most purchases involve asmpler decison of whether to buy an item at a posted
price. In consequence, referendum approaches, in which respondents are asked whether they
would be willing to pay a specific amount (Hanemann 1994) have been used more frequently in
recent dudies. A disadvantage of thismethod isthat it yields less information per response: a

“yes’ revedsalower bound, and a“no” reveds an upper bound to willingnessto pay. This



problem can be addressed by: (1) asking follow-up questions as originally proposed by
Hanemann (1985) and utilized in the Taiwan study and (2) by employing econometric methods
designed to use the available vauation information efficiently (Cameron and James 1987 and
Hanemann 1991).

Although contingent valuation method sets out to find the theoreticaly correct measure
of economic benefit, many economists doubt that the measures obtained actualy correspond to
individuas' true willingness to pay (see Diamond and Hausman 1994). The main objectionsto
contingent vauation center on the hypothetica nature of the transaction; because a respondent
does not actudly have to pay the amount sated, there may be little incentive to answer carefully
(see Cummings and Taylor 1999 and List 2001 for recent analyses of thisissue). Strategic
responses to contingent valuation questions are not thought to be a serious problem (Freeman
1993), but some economists argue that the responses do not reflect stable preferences with the
generdly accepted properties. For example, researchers have expressed concern that contingent
va uation responses are “insengtive to scope” and are unduly sensitive to the sequencing of
aternatives to be valued (Desvousges et d. 1993, Diamond et d. 1993, Samples and Hollyer
1990). Insengitivity to scope, for example, would occur if willingnessto pay for alarge
reduction in hedlth risk is roughly equa to the willingnessto pay for asmal reduction in hedth
risk (Hammitt and Graham 1999). A rdated issue, embedding of vaueswould occur if
willingness to pay to avoid five hedth symptoms were no larger than the willingness to pay to
avoid one of them.

Other criticisms of contingent valuation abound. Respondents may not understand the
commodity to be vaued the way researchersintend, and they amost certainly lack experience

paying for acommodity not normaly traded in markets (Fischoff and Furby 1988, Schkade and



Payne 1994). For example, respondents have never directly purchased relief fromillness or
reductionsin hedth risk. Thiscriticismis particularly apt for efforts to vaue hedth risks,
especidly for low probability illnesses, because of the apparent difficulties people havein
understanding risk information. Also, respondents may express agenerd attitude about a
commodity on adollar scale only because that is the scae the survey offers, or they may report a
high vaue to obtain a“warm glow” from contributing to aworthy project such as environmenta
improvement (Diamond and Hausman 1994, Kahneman and Knetsch 1992). They may Saea
willingness to pay va ue because they assume that by virtue of the survey, the commodity surely
isworth something. Furthermore, willingness to pay may be influenced by the choice of
payment vehicle (i.e,, hypothetical tax, referendum bid, higher utility bills, or higher prices of
other goods). On the other hand, proponents of contingent vauation argue that well-designed
gudies dicit contingent valuation responses that often correspond closdly to vaue measures
inferred from actuad behavior (Haneman 1994, Mitchell and Carson 1989, Smith 1992).
Practitioners generdly have stressed careful survey design and data analysisin attemptsto
eiminate, minimize, or test for known sources of bias or imprecison.

Averting Behavior

The averting behavior method is based on the mode presented in Section 2 in which
willingnessto pay islinked to actions taken to mitigate adverse health outcomes resulting from
pollution. In the modd, these actions are represented by consumption of the good Z, which can
be defined in severd ways such as (1) the purchase of a durable good, such asan ar purifier or
water purifier; (2) the purchase of a norntdurable good such as bottled water or a service such as
medica care; or (3) achangein daily activities, such as saying indoors. Thus, averting actions

may be intended to avoid expasure to environmental contamination, or to mitigate the hedth



effects of exposure. The first empirica applications of this valuation method were concerned
with cleaning activities to reduce soiling damages from air pollution (Harford 1984), but the
focus quickly shifted to hedth. Abdala, Roach and Epp (1992) and Harrington, Krupnick and
Spofford (1989) looked at actions taken to avoid contaminated water supplies and other
applications have investigated individuals efforts to avoid potential hazardous waste
contamination (Smith and Desvousges 1985), to reduce radon concentrations in the home
(Akerman, Johnson and Bergman, 1991; Doyle et a. 1991; Smith, Desvousges and Payne 1995),
to reduce asthma or angina symptoms (Chestnut et al. 1988), to reduce of lead exposure (Agee
and Crocker 1994, Agee and Crocker 1996) to reduce symptoms of air pollution exposure,
(Cropper 1981; Gerking and Stanley 1986; Dickie and Gerking 1991b, Bresnahan, Dickie, and
Gerking 1997), and precautions taken to reduce skin cancer risk (Dickie and Gerking 1996,
2001).

Mogt gpplications of the averting behavior method use surveysto collect data on averting
actions taken, costs of these actions, actua and/or perceived hedlth effects, aswell as other
background information. 1ssues regarding collection and use of survey dataare smilar to those
discussed in connection with contingent vauation.  Unlike contingent val uation, however, survey
questions to implement the averting behavior gpproach would not directly ask participants for
their willingness to pay and would instead seek to gather information needed to econometricaly
estimate health production parameters. For example, Agee and Crocker (1994) implemented the
mode presented in Section 2 using data from two related surveys to estimate parents
willingness to pay for hedth risk reductions posed by their child's body lead burden and for
information about possible medical treetment (chelation therapy). Thefirst survey, conducted in

1978, collected data on children’s medical histories and body lead burdens (by analyzing shed



teeth) aswell as parents  time dlocations, employment, and other characterigtics. The second
survey supplemented the first by obtaining information about parents’ 1985 wage levels and
children’s chelation thergpy that may have occurred during the intervening years. These data
were used to econometricaly estimate relevant parameters of the hedth (actudly, hedth risk)
production function. These estimates together with information about the price of chelation
therapy were used to estimate willingness to pay vaues using the approach shown in equation
(4). In acompanion paper that adopted the approach taken by Dickie and Gerking (1991b), Agee
and Crocker (1996) obtained further willingness to pay estimates for improved hedth by looking
at the area behind the demand curve for chelaion. Additonaly, Agee and Crocker (2001)
recently extended their earlier research to andyze the margind rate of substitution between the
hedlth of cigarette smoking parents and their children.

Asoutlined in Section 2, severd grict conditions must be met in order to estimate
willingness to pay using the averting behavior method. When these conditions are not met, the
quality of resulting estimates may be weekened. A generd problem with previous averting
behavior sudiesliesin the treetment of uncertainty. As previoudy discussed (Shogren and
Crocker 1991), uncertainty regarding hedth effects induced by environmental hazards and sdif-
protection can greatly complicate the andysis. In gpplied work, however, the uncertainty issue
generdly isignored when developing the theory needed to estimate willingness to pay and then
later on, when econometric estimates are needed, an error term is introduced into the health
production function. It is quite common in economics to propose a deterministic mode and then
to estimate parameters using a (stochastic) econometric modd; yet, in the case at hand,
incorporation of uncertainty into the theoretical mode changes the way in which willingnessto

pay should be computed. In any case, future averting behavior sudies might alow for



uncertainty of heath outcomes both in the theory as wdl asin the development of estimates.
Alternatively, investigators might consider using research designs that would iminate
uncertainty; i.e., in afidd study, participants could be told what will happen to hedthwhen a
particular averting action is taken.

In areated vein, willingness to pay caculations frequently are based on instrumenta
variables econometric etimates. A useful example to think of in this regard might be the
edimation of a hedth production function (see equation (2)) in which consumption of the
averting good (Z) is endogenoudy determined in the modd. Congtruction of instruments,
however, usudly can be done in anumber of plausible ways as theory often says little about how
this problem should be handled and variables used for this purpose are chosen depending on
what information is available together with the judgment of the investigator. Different choices
of ingrumenta variables, of course, can produce different estimates of willingness to pay.
Unfortunately, this subject has never been addressed in gpplied studies, o the significance of this
problem is unknown. Additionaly, there does not appear to be any way around this problem in
studies based on secondary data such as Agee and Crocker (2001), but in future field or
experimentd studies, an aspect of research design worth further consderation might involve
randomizing consumption of Z across study participants so that its effect on the health aspect
under consideration can be obtained as a treatment effect.

Other issuesin gpplying the averting behavior method include the difficulty of
identifying agood (Z) that would be effective in improving hedlth, but would not be a direct
source of utility or disutility. Chelation therapy, used in the Agee and Crocker studies, may not
be an entirdy gppropriate choice because parents may get disutility directly from weatching a

child endure this lengthy and often painful procedure. Alternative choices of Z used in other



studies, however, have not been perfect either. For example, Dickie and Gerking (1991a) studied
cooking with dectricity rather than naturd gas and use of air conditioning to dleviate symptoms
of exposure to air pollution, but the main reason for running the air conditioner, presumably, isto
cool the house. As discussed in connection with equation (5), disentangling the vaue of hedlth
from other values associated with taking averting action can then be complicated. A related
difficulty isthat many averting actions do not have an easily observed market priceto usein
computing their cogts. Bresnahan et al. (1997) found that people spend less time outdoors when
ar pollution rises above nationd standards, but it is difficult to assgn a cost to thisaction. There
is no monetary price, and no compelling reason to use the wage rate since the time spent indoors
may not be entirely lost. Even when the cost of averting action is clear, the perceived benefit of
the action may be difficult to infer. A person’s choice of averting behavior, and thus the value
revealed by his actions, is based on his perception of the resulting hedth effects. Individuas
perceptions about hedlth risks, however, may differ from the assessments made by experts. Also,
averting behavior often involves a discrete choice of whether to take an action, rather than a
decision about the level of a continuous variable. For example, a person decides whether or not
to purchase an air or water purifying system. Discrete choices by themselves do not directly
reveal WTP, but only bound it. It is possible to use discrete choice data to estimate the exact
WTP by applying complex methods (Dickie and Gerking 1991b; Agee and Crocker 1996), but
most researchers either ignore the issue or smply use averting expenditures to bound WTP.

4. Estimates of Willingnessto Pay for Reduced Morbidity

This section presents estimates of WTP, averting expenditures, and cogts of illness
obtained in selected gpplications of the methods discussed above, Only studies examining

environmental hedlth effects are included, and for the most part attention is limited to cases



where the same endpoint is valued in two or more studies, o that comparisons may be drawn.
Thus, the discussion isintended to beilludtrative rather than exhaudtive.

Among environmentd hedth effects, acute symptoms of ar pollution exposure are the
morbidity endpoints with the largest number of WTP sudies. Taken asagroup, the eight
contingent valuation (or more broadly, stated preference) studies considered here have four
implications for policy analysis and research. First, WTP to avoid acute illness increases less
than proportionately with duration (Alberini et d. 1997, Dickie and Ulery 2001, Johnson et al.
1997, Liu et d. 2000) and with the number of symptoms avoided (Alberini et d., Dickie and
Ulery, Tolley et d. 1986). These results suggest that caution should be exercised when
interpreting benefit assessments that do not distinguish between one-day episodes of one
symptom and episodes involving more symptoms or days. If unit values computed for one
symptom-day are applied to each symptom-day of multiple-day or multiple- symptom episodes,
benefits would be overstated. Second, people seem to care less about the specific symptoms
experienced than about other attributes of illness, such as the extent of activity restriction
(Alberini et d., Dickie and Ulery, Johnson et a. 1997, Johnson et d. 2000). Third, WTP
increases with income, with estimated income e adticities ranging from 0.15to 0.6. This resuit
suggests that attempts to transfer benefit estimates from one sample to another population should
account for income differences between the two groups. The positive relationship between
income and WTP a so underscores the concern that usng WTP estimates to guide policy
decisonswould favor the rich at the expense of the poor; however, as apractica matter policy
andydstypicdly apply an average WTP estimate to dl persons affected by apolicy. Fourth,
parents appear to vaue their children’s acute hedlth about twice as much as their own (Dickie

and Ulery, Liu et d.), afinding aso reported in an averting behavior study by Agee and Crocker



(2000). Thus, the practice of vauing children’s acute illnesses usng WTP estimates computed
for adults (U.S. EPA 1997) may understate economic benefits of children’s health improvements
by awide margin.

Table 1 presents estimates from eight efforts to vaue symptoms combinations of
symptoms.  Three of the studies (Dickie et al. 1986, 1997, Loehman et al. 1979, and Tolley et
al.) were exly, “firs-generation” effortsto vaue symptoms. The fourth (Johnson et al. 1997)
was a meta-analys's of the morbidity vauation literature, based partly on the three firgt-
generation sudies. The find four studies are much more recent, but three were conducted outside
the U.S. (Alberini et al. 1997 and Liu et al. 2000 in Taiwan, and Johnson et al. 2000 in Canada).

The column of Table 1 [abeled “ Study WTP’ givesthe WTP estimatesin U.S. dollars of
the year 2001, using the implicit GDP deflator to adjust from the year of each study.
Interpretation of the resulting estimates is hindered by the fact that most studies were conducted
a times or in places with income levels much lower than those in the US today. Thefind
column adjusts the WTP estimates for differencesin red income. Mean income levelsin the
studies were converted to US $2001 and then adjusted to the mean income in the US today
(usng mean income of families with children of $65,555 for the Dickie and Ulery and Liu et dl.
studies and mean income of al households of $57,045, see U.S. Census Bureau 2001). The
effect of the change in income on WTP then was estimated by gpplying an income eadticities of
0.35, aroughly representative value from the literature.

After adjudting for effects of income, the WTP estimates for adults to avoid one day
episodes of one symptom range from $0 to $123, depending on symptom, severity, and study,
with amedian vaue of about $35. In comparison, WTP estimates for multiple-day episodes of

sgngle symptoms are larger but illustrate the previoudy noted result that WTP increases less than



proportionately with duration. The table dso shows vauation estimates for multiple-day,
multiple symptom episodes, and the Dickie and Ulery and Liu et d. resultsilludrate the
premium that parents appear to place on protecting their children’s hedlth.

In any case, the unit values recently used by the US EPA to estimate benefits of reduced
acute morbidity are subgtantialy lower than relevant estimates from exigting val uation research.

In the retrospective cost- benefit andysis of the Clean Air Act (US EPA 1997), for example, unit
vaues inflated to US $2001 are $7/day for shortness of breeth, $15/case for lower respiratory
symptoms, and $57/case for acute bronchitis. All of these values are lower than most estimates
in the acute hedlth vauetion literature.

Table 2 presents va uation estimates pertaining to asthma. Acute exacerbations of asthma
have been linked to ambient air pollution exposures, and asthmais amgor public hedth
problem. Existing asthma benefit estimates are subject to severd shortcomings. Most studies
have estimated costs of illness, and thus probably understate benefits by awide margin. Results
of two cogt-of-illness sudies are listed in Table 2. Wiess et a. (2000) present prevaence-based
estimates, while the EPA study (2001) takes an incidence-based approach. Prevalence-based
costs are annua codts associated with existing cases of a condition present during the year, while
incidence-based cogis are lifetime costs of new cases diagnosed during the year. Practitioners
point out that the prevalence gpproach is gppropriate for vauing policies affecting treatment,
dleviaion or management of existing diseases, because these policies affect costsin the
prevalent population while leaving incidence unchanged. The incidence approach, on the other
hand, is appropriate for valuing policies that prevent or delay onset of new cases of disease,
because prevention avoids the lifetime cogs that would otherwise occur.  Toilludrate, air

pollution appears to be linked to aggravation of existing cases of asthma rather than to incidence



of new cases. The prevaence gpproach is appropriate for measuring cost savings from pollution
control, because reducing pollution would cut costs in the prevaent population but would not be
expected to reduce incidence of asthma. Nevertheless, application of prevaence-based cost of
illness esimates would require linking varigtions in ambient air pollution to variaionsin iliness
cods. Inany event, Weiss et d. obtain dightly higher annual cost estimates for adults than for
children, and the EPA study indicates that the average asthma patient incurs substantid lifetime
medical costs.

Few asthma va uation studies have estimated a theoreticaly correct measure of benefits
like WTP. Rowe and Chestnut (1986) estimated WTP to reduce the number of “bad asthma
days.” Estimated WTP to avoid one bad asthmaday lies within the range of estimatesin Table 1
to avoid one day of one symptom, dthough asthma exacerbation often involves severd
symptoms including shortness of breath, wheezing and cough. Although the Rowe and Chestnut
estimates have been useful in policy analysis, it has now been over 15 years since their report.
Asthma prevaence has increased dramaticadly, trestment regimens have evolved, and
methodology for estimating WTP has advanced. More recently, O’ Conor and Blomquist (1997)
esimated WTP for more effective control of chronic asthma, and Blumenschein et a. (2001)
estimated WTP for an asthma management plan. Itisdifficult to link these vaues to the acute
episodes of asthma exacerbation associated with air pollution. Nevertheless, the O’ Conor and
Blomquist annual WTP estimate for effective control of asthma symptomsis 75 to 130 percent
higher than the Weiss et d. annud codt-of-illness estimates,

Examples of vauation estimates obtained from applying the averting behavior method
areliged in Tables3 and 4. All vaues have been converted to US $2001 using the implicit GDP

deflator. The studieslisted in Table 3 illugtrate the most common gpplication of averting



behavior methods. estimating averting expenditures as a bound on willingnessto pay. These
studies use actud averting expenditures rather than the theoretically correct measure of
expenditures that would hold heglth constant when contamination changes. Each study involves
temporary incidents of water contamination. Although differences between the studiesin the
health risk avoided and the duration of contamination complicate comparisons of results, there
does appear to be fairly wide variation in expenditure estimates across sudies. Two studies
vaue avoidance of carcinogens in drinking water contamination. The Abdalla (1990) and
Abdala, Roach and Epp (1992) expenditure estimates differ by an order of magnitude. The
Harrington, Krupnick and Spofford (1986) estimates of per-person expenditures to avoid giardia
contamination exceed the Laughland et d. (1996) estimates of expenditures per household. Still,
itisdifficult to know what to make of the variation across studies without estimates of the
parameters of underlying demand, health production, or preference functions.

The studiesin Table 4 estimate WTP based on parametric estimation of health production
functions or of demand functions for defensve inputs. The smal number of studies, and
differencesin conditions at the study Stes and in the contaminants vaued, complicate
comparisons. Two pairs of sudies estimate willingness to pay for reductionsin the same air
pollutant. Dickie and Gerking (1991b) report willingness to pay for ozone control thet is three to
ten times larger than the estimate in Gerking and Stanley (1986) for an ozone reduction that is
smaller in percentage terms (14 to 24 percent versus 30 percent). However, average ozone
concentrations at the Dickie and Gerking study site (Burbank and Glendora, Cdifornia) are four
to five times larger than at the Gerking and Stanley site (St. Louis), and the ozone reduction
consdered in the former study occurs at the upper tail of the ozone distribution where hedlth

effects are more pronounced. The divergence in vauation estimates for aten percent reduction



in sulfur dioxide concentrations between Cropper (1981) and Joyce, Grossman and Goldman
(1989) dso are difficult to compare because of the wide range of estimates presented in the latter
study and because Cropper focuses on household heads while Joyce et a. examine infant hedth.
However, it isworth noting that the divergence between WTP estimates in the Joyce et d. study,
depending on which input is used to evauate equation (4), would violate the equimargina
principle and thus would be inconsistent with the hypothesized maximizing behavior, if the

actud input prices facing individual mothers were used in the calculaion. Joyce et d. used

socid costs of medica care, however, rather than prices paid by mothers. As noted by Joyce et
al., the apparent under-use of prenatd, relative to neonatd intensive, care therefore may not be
inefficient from the individual mother's perspective, particularly if the mother bears alarger

share of cogtsfor prenata than for neonatal intensive care. Joyce et d. argue that using socid
codsin equation (4) yieds an estimate of socid, rather than individua, WTP. But the derivation
of equation (4) in thismodel rests on the optimdity of the input mix chosen for the prices faced
by the decison-maker. If mothers faced the socia costs of medica care, they would choose a
different input mix with different margind products of the inputs and consequently a different
WTP.

More generdly, measurement of prices of defengve inputs is an important
methodologica issue in gpplying the averting behavior method. Measuring the price of medicd
care, agood often treated as a defensive input, is difficult in light of the (possibly endogenous)
variation in insurance coverage. Medica care and many other defengve activities require time,
and consequently measures of time requirements and the vaue of time are necessary to etimate

the full price of defensive inputs. Furthermore, the cost of some defensive actions, such as



gtaying indoors to avoid ambient air pollution, is primarily a metter of disutility rather than
monetary expenditure (Freeman 1993).

Interpretation of estimates in Table 1 is further complicated by the sometimes incomplete
control for joint production. For example, chelation therapy is a dangerous and painful treatment
and use of pre-nata care may improve the health of mothers as wdl asinfants, but these joint
products were not treated explicitly by Agee and Crocker or by Joyce et d. Joint production may
be the most serious methodologica issue affecting vaidity of the averting behavior method, and
isamgor obstacle to its wider application.

Also, the demands of policy andyssrardly cdl for direct estimation of the margind
willingness to pay for reduced pollution asin thefirst four gudieslisted in Table 4. In policy
andydis of environmentd hedth effectsin the U.S,, hedth scientists predict the hedlth effects
resulting from a change in pollution and economigts then are asked to estimate the vaue of the
effect. Policy andydtslink the economic vaue to the underlying change in pallution using the
information provided by hedth scientigs.  Thus, apart from any methodologica difficultieswith
the four averting behavior sudies listed firgt in Table 4, they would have limited reevance for

policy because the estimate WTP to avoid pollution rather than WTP to protect hedth.
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Table1l. Estimated WTP to Avoid Acute Symptoms

Symptom or Age Ad). For
lllness Days Severity Group  Study ($2001) Income
One Day Episodes of One Symptom
Cough 1 - Adults Dickieetd. 17 16
1 - Adults Tolley etd. 41 43
1 Mild Aduts Johnsonetad. (1997) 28 28
1 Severe Adults Johnson et d. (1997) 50 51
Shortness 1 - Adults Dickieetd. 10 9
of Breath 1 Mild Adults Loehmanetd. 8l 101
1 Severe Adults Loehmanetd. 100 123
1 Mild Adults Johnsonetad. (1997) 28 28
1 Severe Aduts Johnson et d. (1997) 86 88
1 Mild Adults Johnson et a. (2000) 0 0
Fever/Ache 1 Mild Adults Johnsonetd. (2000) 23 25
Symptom- 1 - Adults Dickieand Ulery 55 55
Day 1 - Children Dickieand Ulery 118 116
Multiple Day Episodes of One Symptom
Cough 7 - Adults Dickieand Ulery 111 109
7 - Children Dickie and Ulery 236 232
Shortness 5 Mild Adults Johnson et a. (2000) 240 0
of Breath 7 Mild Adults Loehmanetd. 244 302
7 Severe Adults Loehmanet d. 272 336
7 - Adults Dickieand Ulery 101 100
7 - Children Dickie and Ulery 215 212
Fever/Ache 5 Mild Adults Johnsonetd. (2000) 326 354
7 - Adults Dickieand Ulery 124 123
7 - Children Dickie and Ulery 264 260




Table 1 (Continued). Estimated WTP to Avoid Acute Symptoms

Study
Symptom or WTP  Ad,. For
lliness Days Severity Age Group Study ($2001) Income
Multiple Day, Multiple- Symptom Episodes
Cold 5 - Adults Alberini et d. 41 52
6 - Mothers Livetd. 35 55
6 - Children Liued. 72 114
Not Cold 5 - Adults Alberini et d. 62 78
Acute Bronchitis 7 - Adults Dickie and Ulery 196 193
7 - Children Dickieand Ulery 416 410




Table2. Economic Vduation of Ashma

Study Method Item Vaued Vdue ($2001)

Rowe and

Chestnut CVv One bad asthma day $14 to $65 by severity
Efficacy-safety

O'Conor and  tradeoff (like Annua control of asthma

Blomquigt risk-risk) symptoms $1,672

Blumenschein

etad. CV Asthma management plan $30/person
Actud e Asthma management plan $9/person

Wessetd. COlI (prevdence) Totd annua cost $726 (age 17 and younger)

$940 (age 18 and older)
EPA COl (incidence) Totd lifetime direct medicd cost  $23,569 (average patient)




Table 3. Averting Expenditure Bounds on WTP to Avoid Contaminated Water

Vdue

Study Averting Inputs Contaminant ~ ($2001)

Buy bottled water

Haul water $30/ averting

Ball household /
Abdalla (1990) Use other beverages PCE month

Buy bottled water

Haul water $29 / averting

Ball household /
Abddlaet d. (1992) Cancer  Home trestment TCE year

Buy bottled water

Homefiltration $2t0$6/

Haul water person / day
Harrington et &l. Ball of
(1986) Use other beverages  Giardia contamination

Buy bottled water $18to $46/
Laughland et d. Haul water household /
(1996) Giadiass Ball Giadia month




Table4. Averting Behavior EStimates of WTP

Pollution or
Averting or Contaminant
Study Hedth Output  Mitigating Input ~ Change WTP ($2001)
Cropper (1981) Work lossdays Medical care 10% reduction SO2 $19 per person per year
Birth weigrt, $2 (white), $10 (black)
Joyce et d. (1989) Infant survivid Pre-nata care 10% reduction SO2 per family per year
$39 (white), $267
Neo-nata (black) per family per
intendve care 10% reduction SO2 year
Gerking and $39 to $51 per person
Stanley (1986) Chronic lliness Medica care 30% reduction O3  per year
Dickie and Reduce O3t0 12  $141 to $310 per

Gerking (1991) Hedthytime  Medica care

Risksfrom
Agee and Crocker child's body

pphm NAAQS person per year

1% reduction
child's body lead

(1996) leed burden  Chéation therapy burden $31/ family




