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VALUATLON OF REDUCTI ONS | N HUVAN HEALTH SYMPTOVS AND RI SKS

This is Volume 2 of a four volunme report. The total project
undertakes an assessnent and reconciliation of attenpts to value
reductions in human health risks, and it devel ops new nethods and
estimates for these values. Volume 2 contains a conparative
assessnment of work on valuing health risks. Based on the
assessment, a set of interim norbidity and nortality values
applicable to effects of criteria air pollutants is devel oped.
Volume 3 reports on a study devel oping and applying contingent

valuation techniques to the types of Ilight synptons often
attributed to air pollution. Volunme 4 reports on the design of
approaches for valuing serious or |life threatening ill nesses.

Abstract of Voluoe 2
COVPARATI VE ANALYSI S OF APPROACHES TO VALU NG HEALTH RI SKS

Follow ng the introduction to Volume 2, section 2.2 presents
a nodel for valuing health risk reductions which can be used to
conmpare alternative approaches to valuing health risks.

Pl ausi bl e assunptions inply that cost of illness and preventive
expenditures neasures are |lower bounds to wllingness to pay for
health risk reductions. Contingent valuation, hedonic neasures

and other valuation approaches are conpared conceptually.

Section 2.3 gives a critique of econonetric evidence on the
effects of environnmental quality on human health. One of several
concerns with conparability and reliability is how estimates are
affected by avoi dance neasures taken by individuals in response
to adverse environnmental conditions. The assessnment considers in
detail five mjor enpirical studies of the effects of air pollu-
tants on nortality.

Section 2.4 is concerned with the cost of illness approach
to neasuring health benefits. A contribution of the present
project is to put estimates of the aggregate cost of illness
(medi cal expenditures and foregone earnings) due to norbidity on
an individual per case and per day spent ill basis. Section 2.«
includes an evaluation of previous cost of illness studies.

Section 2.5 is concerned with contingent valuation studies
in which interview estimates are obtained of willingness to pav
for health. The three major existing contingent valuation stud-
ies of norbidity are eval uated.

In Section 2.6, a conparison is conducted of cost of illness
and contingent valuation benefit mneasures obtained for a group of
individuals for a common set of synptons. The results indicate

that willingness to pay as revealed through contingent valuation
greatly exceeds cost of illness. The two neasures do not move



together in any systematic fashion,

Section 2.7 considers the household production approach, in
which the individual produces health by conbining his own tine
and effort with purchased goods. Two studies are reviewed that
use this framework to produce illustrative enpirical estimates of
willingness to pay for health inprovenents.

Section 2.8 reviews the housing market hedonic literature
throwing light on housing price premuns for air quality. Esti -
mates from this literature are used to obtain suggestive upper
bound estimates of the value of nortality risks.

Section 2.9 brings together the foregoing results to arrive
at a set of health risk values for use in environnental assess-
ments. Interim values applicable to air pollution are devel oped,
H gh, low and nedium estinmates are developed for norbidity condi-
tions and nortality. Medi um estinmates of the value of reducing
various types of acute or short term norbidity range from $25 to
$125 per day. Medi um estinmates of the value of reduced aggrava-
tion of previously existing chronic norbidity conditions range
from $60 to $150 per day. Medium estinmates of the value of re-
duced new incidence of chronic norbidity conditions range from
$800 per year for unconplicated angina to $60,000 per year for
non-fatal cancer. The nmedium estimates for nortality range from
$2 mllion for an unforseen instant death to $4 mllion for a
death due to |lung cancer.
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2. COVPARATI VE ANALYSI S OF APPROACHES TO VALU NG HEALTH RI SKS
2.1 | NTRCDUCTI ON

A wide variety of approaches to valuing health risks or the
benefits of health inprovenments have been proposed and in many

cases i npl enent ed. Though this work has been reviewed, there is
a continued need for a conparison of the various approaches, on
both a theorectical and an enpirical |evel. In particular, while

the special case of valuing nortality risks alone has received a
good deal of attention, the problens of valuing norbidity risks
alone, or of valuing the nore general case of a conbination of
norbidity and nortality risks has received less attention. The
goal of Volune 2 is to provide a conparative review of approaches
to valuing changes in health, and a synthesis of the enpirical
results of the various approaches..

In the next section, conpeting approaches are defined and
briefly reviewed, but the main result is the devel opnent of a
nodel of health investnment which yields a general expression for
the value of changes in risks to human health. Thus section 2.2
serves as an introduction to, and a conceptual framework for, the
remai nder of the vol une. The contention that costs of illness
and preventive expenditures are |ower bounds to the preference
based wllingness to pay neasure is carefully examned. 1In
addition, the section explores the relationship between the val ue
of a certain change in health, and the value of a change in
heal th ri sks.

In the remaining sections, the theoretical justification and
enpirical results of the particular approaches are exam ned at
greater |ength. The general goal of these sections is to
di scover what enpirical estimates of the value of health exist,
and to assess how accurate and conplete these value estimtes are
likely to be.

Section 2.3 reviews health econonmetric results on the
rel ati onship between air pollution and health. These studi es may
shed light on the structure of the demand for health, and the
role of avoidance practices undertaken by individuals in response
to poor environnental quality. If so, the results wll have
i mport ant implications for neasuring the benefits of inproved
health due to air quality inprovenents.

Turning to studies that have been explicitly concerned with

pl aci ng nonetary values on illness, section 2.4 reviews the cost
of illness approach. This is the nost w dely usedneasure of the
value of health. Estimates from existing aggregate cost of
illness studies are put on a per case of illness or per day of
illness basis, to be conparable to what an individual would be
willing to pay. In this way, estimates of the value of a range

of health effects are developed that can be used to evaluate
environnmental policy changes. A careful review of the conceptual
and enpirical backgound of the cost of illness approach is also
undert aken.
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Section 2.5 examnes the results of the limted nunber of
studies that apply the contingent valuation nethod to valuing
nmor bi dity. This section includes the new results from the
contingent valuation experiment discussed in detail in Volume 3
of this report. Consideration IS given to the questions of how
accurate estimates from contingent valuation may be, and to how
results from the different studies conpare.

Since the cost of illness approach and contingent valuation
are probably the nost inportant nmethods currently used to val ue
nmorbidity, Section 2.6 reviews the available evidence on how
these two nethods conpare. The nost conclusive evidence on this
guestion is from the data collected in the contingent valuation

experinment of Section 3. Section 2.6 uses these data to test the
hypot hesis that a cost of illness neasure is a lower bound to
willingness to pay as revealed by contintent valuation

Section 2.7 draws out inplications for the value of health
from studies of the household production of health. Whi | e
relevant work is extrenely limted, two studies are reviewed that
yield illustrative .empirical estimates of the value of acute
norbidity due to air pollution

Section 2.8 reviews work relating property values to air
quality. A nunber of conceptual and econonetric issues that have
yet to be totally resolved are exam ned. Following this
di scussion, the relationship between housing values and air
quality is used to inply values for nortality risks.

Section 2.9 is a synthesis of the results from the previous
sections. Based on what is known about the health effects of air
pollution, and on what a conplete estimate of the value of health
would include, a framework for estimating the value of health is
revi ewed. Using this framework, a table of interim values for
the norbidity and nortality effects due to air pollution is
devel oped.
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2.2. FRAVEWORK FOR VALU NG HEALTH RI SKS

In this section we develop a nodel of health investnent
which yields a general expression for the value of changes in
risk to human health. The preference based values of norbidity
risks and nortality risks are ex ante dollar equivalents of
changes in expected utility associated with risk changes. The
values of changes in norbidity risks and and nortality risks are

related to two alternative nmeasures, costs of illness and
preventive expenditures, which are thought to be |ower bounds on
the wvalue of risk reductions. W denpnstrate that t hese

alternative nmeasures are not even special cases of the nore
general nmeasure and that the size relationships anong the three
nmeasures are conpl ex. Also, we derive the relationship between
willingness to pay for risk changes and the consumer surpluses
associated with health changes which occur with certainty.

The section begins with a review of several approaches to
valuing changes in risks which are currently in use. The nodel
of health risk behavior is developed in Section 2.2.2. 1In
Section 2.2.3 inplications for benefit estimation of the benefit
nmeasure derived from the nodel are discussed and concluding
remarks are given in Section 2.2.4.

2.2.1. Approaches To Valuing Health Risks

—— e e ———— — e

2.2.1.1. Cost of Il1lness

The traditional approach to neasuring the benefits of
inproved health is based on avoidance of disease danages. The
damage avoi dance approach, which is the form used by health
professionals and sone health economsts, is also referred to as

the cost of illness approach or sometimes the earnings
expendi ture approach. The cost of illness approach relies
heavily on the idea that people are producers i.e., human
machi nes. Qutlays for health services are seen as investnents

whi ch inprove people as productive agents and yield a continuing
return in the future. The yield for inprovenents in health is
the |labor product <created plus any savings in health care
expenditures due to any reduction in disease (see Mushkin 1962.

pp. 130 and 136). The costs of health degradation are the
damages caused by the disease (or accident). The health
expendi tures made, the value of the resources used in supplying
health care, are referred to as the direct cost of illness. The
| oss of labor earnings due to sickness and premature death, the
value of the lost product of labor, is referred to as the
indirect cost of illness. The value of health inprovenents is the
sum of the reductions in direct and indirect costs of illness.
i.e., the damages which will be avoided. Studies enploying the
cost of illness approach include Wisbrod (1971), Cooper and Rice

(1976), and Mushkin (1979).

Several deficiencies in the cost of illness approach are
recogni zed: (1) the indirect costs are zero for retirees, ful i
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time honenmakers and other people who do not work in the market,
(2) an arbitrary decision nust be made about forgone consunption
expenditures, i.e., gross or net |abor earnings, (3) individuals
are viewed as having no control over their health or health care
expenditures and (4) there is little basis in economc theory for

the use of the costs of illness in benefit-cost analysis. An
attenpt has been made by Landefeld and Seskin (1982) to
reformul ate costs of illness values to nore closely approximate a

theorectically correct neasure, but their study primarily focuses
on externalities and an approach nore closely tied to individua
optim zation seens nore appropriate. Section 2.4 bel ow exam nes
in much greater detail the cost of illness approach as a possible
source of estimates of the benefits of health risk reduction

2.2.1.2. WIllingness to Pay in Contingent Markets

The absence of a nmarket for health as such pronpted
consi deration of direct questioning techniques to elicit
willingness to pay for changes in health risks. Through a survey
interview or |aboratory experinment a hypothetical market is
established, and individuals are asked to purchase changes in
health directly contingent upon the existence of the nmarket.
Contingent valuation of nortality risks was pioneered by Acton
(1973) in his study of heart attack treatnent and has been used
by Loehman (1979) et al. to value norbidity related to air
pol | uti on. Currently there is renewed interest in direct
questioning because it vyields conceptually correct values of
health risk which are difficult to estimte using other
t echni ques.

Contingent valuation is considered in detail in Volune 3 of
this Report, and enpirical results applied to the value of
norbidity are reviewed in section 2.5.

2.2.1.3. Household Production of Health and Preventive
Expendi t ures

Wiile the cost of illness approach concentrates on danmages
or costs following the onset of illness, individuals can and do
incur costs in efforts to prevent illness from ever occurring.
In Gossman's (1972) nodel of consunption and production of the
commodity "good health", individuals conbine purchased goods such
as nedical care and their own tine to produce health capital.
WIllingness to pay is the value ofhealthytine and is the sum of
two terms: (1) the increnment in |abor earnings which is possible
and (2) the nonetary value of the gaininutility associatedw th
better health. Thus, the household production nodel gives a
conceptual foundation for the relevance of |abor earnings
(indirect costs) for norbidity, but it also inplies that a
preference-based value wll depend on the costs of producing
health (preventive expenditures) and a utility, oOr consunption,
val ue. An exanple of the household production approach is
Cropper's (1981) mcro study of the effect of air pollution on
days lost from work due to illness. To value the health changes
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she multiplies the wafe rate by a factor derived from a specific
production function. This study and a study by Gerking and
Stanley (1984) are discussed in section 2.7.

The recognition that health is partly endogenous has also
spawned the idea that health inprovenents permt a reduction in
preventive expenditures and that the savings of preventive
expenditures is the value of the health inprovenent. Thi s
general approach has been suggested as a way to neasure the
benefits of reducing pollution where the expenditures prevent not
only danmages to human health, but also damages to property and so
forth. Courant and Porter (1981) characterize the literature as
having reached a I|imted consensus that such expenditures
represent a lower bound to the total costs of pollution, a
conclusion they dispute.

In a recent enpirical investigation, Smth and Desvousges
(1985) find that households do nake adjustnments to reduce the
risk of exposure to hazardous wastes through drinking water. 1In
their sanple of households in suburban Boston nearly thirty
percent purchased bottled water regularly to avoid hazardous
wastes, while smaller fractions installed water filters and
attended public neetings as ways to reduce the risks. Thi s study
provides inportant evidence that averting or preventive behavior
in response to pollution risks can be significant. However, the
relation between preventive expenditures and the benefits of
inproved health has received little attention. VW explore this
rel ati onshi p.

2.2.1.4. WIllingness to Pay in Inplicit Markets

One inplication of household production nodels of health is
that individuals wll nake expenditures of noney and tinme to
improve their health and reduce risks to their health. By
observing people's behavior in well-developed markets for
ordinary goods and services values can be derived for health,
which is not traded explicitly. Much of this type of evidence

comes from the labor market in the form of estimates of
conpensating wage differential for jobs with extraordinarily high
risks to health and survival. Most of the studies focus on

implicit values of changes in the risk of a fatal accident.

Consunption activity also can involve exchanges between
health and safety and other desirables. Estimates of wllingness
to pay have been made based on analyses of residential housing
site choice, autonobile seat be 4t _use, speed of travel on
hi ghways and cigarette consunption. This work, like that in the

| abor market, has focused on nortality risk. I nherent in this
met hodol ogy of estimating inplicit values of health risks is that
individuals know and perceive differences. in health risks

associated with various jobs and consunption activity and that
they can choose anobng various alternatives.
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Theoretical and enpirical problems in viewing housing
markets as inplicit markets for valuing health are examned in
Section 2.8. Estimates from these studies are reviewed as well.

2.2.1.6. A Ceneral Franework for Valuation

At this point there appear to be two disparate approaches to
valuation of health and risks: cost of illness perhaps inclusive
of preventive expenditures, and w llingness to pay. Resear ch has
proceeded using one approach or the other, but only limted
effort has been nade to conpare and reconcile the approaches. A
recent paper by Harrington and Portney (forthcomng) is
noteworthy in that they show that for norbidity, under certain
conditions, the cost of illness values will be a |ower bound on
the theoretically preferred willingness to pay val ues. Bel ow we
develop an eclectic nodel with endogenous health risks and derive
the preference based values for changes in health risks. The
model considers morbidity and nortality and allows the
probabilities of various health states and survival to be
i nfluenced by preventive activity and exogenous factors such as
envi ronnent al quality. Terns for preventive expenditures and

costs of illness in the benefit expression are identified for
pur poses of conparison with the conceptually correct wllingness
to pay. The nodel provides a franework for conparing values of

health risks estimated using various techniques.

2.2.2. Himan Health Risk Reduction Benefit Mbdel

Assume a person's wutility depends on the consunption of
goods and services and the state of health. Uility may be
expressed as

(1) u = U(C,q),

where U is utility, C is consunption and q is a vector of health
characteri sti‘cs:

A person does not know with certainty, however, what his
health will be, or for a given state of health, whether or not he
will survive the period in question. In order to incorporate
these uncertainties into the nodel, we specify probability of
health characteristics and probabili t¥1 of survival functions.
The probability density function for health characteristics can
be represented as

(2) h(q:;X,E),

2-6



where X is preventive expenditures and E is any exogenous shjft
vari abl e, such as environmental change. Thus, the health
characteristic probabilities are not imutable, but rather are
influenced by preventive neasures chosen by the individual person
and exogenous changes ‘such as environnental inprovenent.

It is reasonable to assunme that the healthier a person is,
the greater are the chances of survival of a given period. In
other words, probability of survival can be expressed as a
function of health characteristics:

(3) P = p(q),

where p is the probability of surviving the period.

A final element of the nodel facilitates conparisons wth

the cost of illness approach for valuing health risk reductions.
Wen in poor health, a person incurs cost such as nedical
expenditures and earnings |lost due to days not worked. These
costs will wvary according to the degree of illness malfunction

t hat occurs:
(4) z = £(q),

where Z is the cost incurred as a yesult of illness nal functions.
These expeRditures reduce consunption, and provide no utility on
their own

In this framework, a person chooses preventive expenditures
X, in order to maximze the expected value of utility given the
foll owi ng incone constraint:

(5) M- C +x + z,

where M is noney income in the absence of any' costs due to

illness malfunctions, Preventive expenditures influence the
expected value of wutility in three ways: (1) X increases the
probability of being in good health, therefore increasing utility
if alive; (2) at the sanme time, increasing the probability of

being in good health also increases the probability of being
alive; (3) finally, by increasing the probability of being in
good health, X expenditures decrease mal function costs Z that can
be expected, increasing the anmount of income expected to be left
over for consunption. These benefits nmust be wei ghed against the
direct |oss gn consunption rmade necessary by the preventive
expendi t ures.

Mre, formally, the consuner's problem can be stated as
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(6) Max E(U) = the integral from negative infinity
to positive infinity of

[ U(C,q)p(q)h(q;X,E)dq]

subject to the income constraint (5). Reexpressing the incone
constraint in terns of C and substituting it into (6), the
consumer's probl em becones

(7) Max E(U) = the integral from negative infinity
to positive infinity of

[ UM-X-£(q),q)p(q)h(q;X,E)dq]

where U, p,and h come from equations (1), (3) and (2)
" respectivel y:

The integral in (7) gives utility wunder different health
outcomes weighted by the probability of the various outcones.
Since utility always depends upon health, the situation could be
described as a continuum of state dependent wutility functions,
the possible states being the possible health outcones.
Different attitudes toward risk are allowed for through the shape

of each state dependent utility function. When utility is
expressed as UMX-F(qg),q), it beconmes apparent that preventive
expenditures X directly reduce the anmount of inconme |eft over for
consumpti on. The term p(q) in (7) adjusts wutility by the

probability of being alive. Assuming no utility if dead, U(M-X-
f(q),q) p(q) gives expected utility conditional on the state of
heal t h. A nore extended analysis mght consider utility of heirs
as affected by bequest. The density function h(qg; X E) weights
expected wutility by the probabilities of different states of
heal t h. The integration over health states thus gives expected
utility for the period;

The nodel as described does not specify fully the mechani sns
available to the individual to adjust to risk such as market
i nsurance. The only opportunity the individual has is to make ex
ante preventive expednditures X that change the probabilities of
the different states. V. Kerry Smth suggests that another
extension of this analysis could be to carefully describe what
opportunities are availabe to the individual to adjust
expenditures made in each state of the world. Though these
opportunities could easily be nmade explicit in the present nodel
this section retains the sinpler franmework in order to nake the

conpari sons between preventive expenditures, cost of illness, and
willingness to pay for risk reductions nore straight forward
However, in general wllingness to pay values are affected by the

opportunities available to adjust to risk, so it is vital to not*
the sinplified framework used.

2-8



The problem also becones nore tractable if a single health
outcone neasurable as a zero-one condition is considered. An
exanple is occurrence of a specified type of cancer as affected
by environnental irritants. Another exanple is occurrence of
traffic accidents due to poor visibility brought on by air
pollution, provided the nmajor cost is associated with frequency
of accidents, all having about the same expected severity, rather
than the severity of an individual accident being inportantly
related to the degree of visibility. Ti ssue danmage from contact
with pollutants, such as liver damage, is another exanple as |ong
as the principle effect is absence of wuninpaired functioning
rather than the degree of malfunctioning being associated wth
the degree of pollutant |evel.

A damage function, as mght be the case for ozone, where the
degree of disconfort rather the presence or absence of disconfort
is related to the level of pollution, requires a nore extended
analysis considering probabilities for nore than two states of
the world. Various degrees of synptonms along wth their
associ ated probability densities have to be considered rather
than just presence or absence of synptons. The integral in (7)
would not sinplify as it does in the case where there Is only one
mal function state.

If health is a matter only of absence or presence of a
del eterious condition, the probability density function h(q;X,E)
is discrete rather than continuous with probability concentrated

at g-I for presence of condition and ¢g-0 for absence of
condi tion:
(8) h(q;X,E) = HX E) if g-I

where H(X,E) is the probability of the absence of the condition.

In this case, the person decides at the beginning of the

period what his preventive expenditures will be and then takes
the resulting chance of what the health outcome will be for the
peri od. A long planning period can be considered by letting
consumpti on expenditures, illness costs, and preventive

expenditures be average discounted present values, wth the
probabilities associated with survival and health status being
averages of shorter term probabilities, possibly allowing for
cumul ative exposure effects.

Because of the discreteness of q when health is a matter
only of the absence or presence of a condition, the integral in
(7) sinplifies to a sum of two discrete states corresponding to
g-0 and g-1. Using (8), the consunmer's maximzation problem s
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(9) Max E(U) - UGPo(l-H)+UPH

where UO

U(M-X,0)is utility if free of the disease
U; - U(M-X-z,1) is utility with the disease

Pg -p(O is probability of survival iffree ofthe
di sease

Py - p(l) is probability of survival with the disease

H- HXE) is the probability of contracting the disease.

Equation (9) states that the expected utility to be maxim zed is
the sum of wutilities in the absence and the presence of the
deleterious health condition, weighted by the probabilities of
contracting and not contracting the disease and of surviving. As
can be seen from the expressions for Uy and U;, utility depends

both on the presence or absence of the disease, i.e. there is
state dependence. The inconme constraint has been substituted
into the wutility function just as in equatio (7). In the
discrete case, this constraint can be expressed *a@

C- (M-x)if q - 0,
(10)
C=(M-X-2 if gq- 1

Dfferentiating equation (9) wth respect to preventive
expenditures X and setting the result equal to zero gives the
first order condition for a maxi num

(11) F - U P(1-H)-(U'PH -(UPH)+ (UPH) - 0
0 0 11 00 x 11 x

where U and U are the marginal utilities of inconme when g - O

0 1
and g-1 respectively, and H,,the change in the probability of
contracting the disease resulting from an extra dollar spent on
preventi on. The first two terns give the decline in expected

utility due to decreased consunption when an extra dollar is
spent on defensive neasures. The last two terns give the rise in
expected utility due to decreased probability of contracting the
di sease as a result of the extra dollar spent on prevention. The
first order condition for a maxinum is that the sacrifice of
consunption given by the first two ternms nust just offset the
gain from the reduced probability of contracting the disease
given by the last two terns.

In order for the consuner to obtain a maxinum the second
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derivative of the expected wutility function wth respect to
preventive expenditures nust be less than or equal to zero. Thi s
second-order condition can be expressed as

(12) delta = - u"p (1-H)-(U"P H - (UPH)+ (UPH ) <o,
00 1 0 0 xx I xx -

where Hy,, = is the second partial derivative of H(X,E) wth
respect to X, and U", and U", are the second derivatives of
utility wth respect to income when g-0 and g-|1 respectively.

2.2.3. Valuation O Changes In R sks To Human Health

2.2.3.1. WIlingness to Pay

Expressions for the marginal willingness to pay (WP) for an
exogenous reduction in health risks can be derived from this
nodel . The totally differentiated expected utility function nust
be solved for the change in inconme thatwoul dbe required to keep
expected utility constant when there is an exogenous change. The
i ndividual would be wlling to pay the negative of this
conpensating variation for the exogenous inprovenents in health
risks.

(13) de(U) = [U P (1-H + UP H aM
0 0 11

+ [(-U'P (1-H) -(UPH) - (UPH + UPH]adx
00 00 x 11 11 x

+ [(FUPH) + (UP H)] QE
OOE 11E

As before, U’ and U’ are the nmarginal wutilities of incone

0 1
when healthy and ill, respectively. Just as with the levels of
utility, these marginal utilities nmay differ from each other for
two reasons. First, the level of consunption is higher when
heal thy, because of the costs incurred when ill (2). Second, the

presence or absence of a condition directly enters the utilicy
function.

Hol di ng expected wutility constant in equation (13) by
setting dE(U) = 0, equation (13) can be solved for the WwTP
neasur-e: -

(14) - dM/dE = - [(U,P,- UyP;)/ m]Hg-

[1 + ((U,P, - U Py)/ m)H, ]dX/4E.
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The nunerator of the first term is the difference in expected

utility when healthy and when ill. This is divided by m =

(UP (1-H + UP H), which is a weighted average of the expected
00 11

marginal utility when healthy and the expected nmarginal utility
when ill, wth the weights being the probabilities of being
healthy or ill. Thus m can be interpreted as the expected
marginal utility of incone.

So far, the analysis has neglected the fact that individuals
choose the level of defensive expenditures so as to nmaximze
expected utility. Rearranging the first-order condition given by
equation (11) yields:

(15) (UoP, - UqPy)/m = -1/Hy.

(e Bl o]

The left hand side is famliar from the WP expressions. As the
dollar value of the difference in expected utilities when healthy
and ill, it can be interpreted as the marginal benefit of
defensive expenditures that reduce the probability of illness.
The right hand side is the marginal cost of defensive
expendi t ures.

Allowing the optimal choice of defensive expenditures as
individuals adjust to the exogenous changes in health risks or
the environment inplies that equation (14) satisfies the first
order condition. Substituting the first order condition as given
by (15) into the WP expression given in (14):

(16) - dM/dE = HE/H, + [-1+ (H,/H,)]dX/ = Hg/H,.

This sinplification allows the WP neasure to be expressed
i ndependently of the non-observable utility function, but instead
in terns of the health risk function H In particular, equation
(16) gives the WIP for a change in environnent as a ratio of the
mar gi nal product of the environnment in reducing health risks and
the marginal product of preventive expenditures in reducing
health risks. This result is very simlar to the findings of
ot hers who suggest WP for an environnental inprovenent can be
expressed solely in terns of the production function (see Courant
and Porter (1981), Harrington and Portney (1983), Gerking and
Stanley (1984), and Needl eman and G ossman (1983)?. One obvi ous
S

difference is that while in these mode health is
determnistically a function of the environnment and defensive
expenditures, in our nodel the probabilities of being healthy or

ill are a function of these variables. Another difference is
that our nodel considers nortality as well as norbidity.

Equation (16) is the basis for one approach to obtaining
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enpirical estimtes of wllingness to pay. In principle, the
health risk function H(X, E) could be estinmated, vyielding the
mar gi nal products necessary to conmpute WP. CGerking and Stanl ey
(1984) use this strategy to estimate WP for ozone reductions in
a nodel with pure norbidity under certainty. (See section 2.7
for a discussion of this study). However, Harrington and Portney
(forthcom ng) and Maureen Cropper enphasize the difficulties in
correctly estimating a health or health risk production function

The fundanmental problem with the health production function
approach is that it is hard to identify and neasure all of the
inputs that affect health. Harrington and Portney point out that
typi cal epi dem ol ogi cal studies only explain a small fraction of
the total wvariation in illness, suggesting that a nunber of
i nportant variables my have been omtted. In estimating a
health production function applicable to air pollution-induced
norbidity, the health outconme would be acute respiratory illness
and not general health status. This could make the enpirical
estimation even nore difficult, since respiratory health is
jointly produced with other aspects of health. Finally, equation
(16) only holds as a marginal condition. Bockstael and MConnel
(1983) show that it may also be very difficult to use the
household production approach to estimate the value of non-
mar gi nal changes. All of these problens indicate that the health
production function approach to estimating WIP nay be of limted
useful |l ness. Bel ow, other estimation strategies are
i nvesti gat ed.

To allow for a nore intuitive interpretation, equation (16)
can be rewitten recalling that H = H( X E)

(17) dH/dE - H, (dX/dE) + HE
or rearranging,

He = (dH dE) - H,(dX/dE).
Substituting this expression for the marginal product of the
environnment in reducing health risks into equation (16) we have
(18) - dM/dE = [(dH/dE) + H,(dX/dE)](1/H,)

= (1/Hy) (dH/dE) - (dX/dE).

Witing this benefit expression in ternms of utility by using the
| eft hand side of the equation (15) we have

(19) - dM/dE = - [(U,P, - U;Py)/m](dH/dE) - (dX/dE).
This form of the benefit expression states that a person's WP
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for an environnental inprovenent can be expressed as the sum of

two terns. The first term is the dollar value of the expected
difference in expected utilities when healthy or ill multiplied
by the change in health risks due to the change in the
environment or other exogenous factor. The second term is the

change in preventive expenditures resulting from the exogenous
change.

Qur nodel yields an expression for wllingness to pay which
is ex ante in nature, i.e., before it is known whether or not the
individual is sick. The value is that anpbunt of incone we have
to take away from both states to keep expected utility constant.
The value is defined by:

A A

(20) UP (1-H + UP H - U(M-X - dM/dE,0)P (1-H)
00 11 0
- UMX-Z aM/de, 1) P H =0
0

where the " indicates the value of a variable after a change in
E. In the context of uncertainty our wllingness to pay,
-dM/dE, is simlar to an option price (see Smth (1983)), since
it is a constant paynent regardless of the state of nature that
actually occurs. V. Kerry Smith points out that in the nodel
described in this section, however, the framework in which
i ndividuals can purchase state contingent contracts is not fully
specified, so it is difficult to restrict the paynents to be
constant across the states of nature. As explained earlier, the
only opportunity for individuals to adjust to risk is the
purchase of preventive expenditures. These features of the nodel
nmean that the wllingness to pay neasure, -dMdE, nmay not be
consistent wth conventional nmeasures of option price. The
nmeasure 1S nevertheless a valid ex ante conpensating variation
for changes in risk.

2.2.3.2 Conparisons to Preventive Expenditures and

Costs of Illness
It seenms natural to assume that people will pay a positive
amount for an environmental inprovemnent. This neans that to keep

expected utility constant in the face of an exogenous i nprovenent
in the environnent, an individual's incone would have to be
reduced, i.e., dM/dE < O and positive wllingness to pay is
equal to - dMdE I nspection of the benefit expression given in
equation (17) reveals that WP could be positive if both terns,
the wutility value and the preventive expenditure value, are
positive. Since the total derivatives, dH/dE and dX/ dE, show how
ri sk and expenditures change after optinizing behavior, however,
the terns cannot be unanbiguously signed. For the total
derivatives the general and plausible results and acconpanying
conditions are sumuarized in Table 2-1.
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TABLE 2- 1:

Preventive
Expenditures

Morbidity Risk

Willingness to Pay and
Preventive Expenditures
-a

Willingness to Pay and
Cost of Illness
a

Willingness to Pay and

Preventive Expenditures

- Pure Morbidity Case
.a

Willingness to Pay and

Costs of Illness

- Pure Morbidity Case
-a

"Willingness to pay 1s equal to -

b

X
dE

It 1s implausible that - ="

General Result
dX >
T

dH >
E<0
dM > _dX
“TdE <" dE
L L
M >  dX
TdE <" dE
dM y, dH
“TdEFT TS
dM
a’E’.
dM sz.

=0, U(.) £U(.,q), U(.,Z)/a* = Z, and P, « P

Plausftble Results

dX

HE(O
%g <0
dd  dX
| A |4
dM dH b
‘HE'“ZHE
dM dX
"9 2 dE
dM dH
ol R 7 4

9 1 ® 1.
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Sufficient Condftfons
for Plausible Results

HEx > 0 and

1 1

%é-< 0 and

dX
or

Many exist

%é-< 0 and
%g-< 0.

. %g-< 0 and

g-)é<0and

u(c,0) » u(c,1) and
U(Z)m*™* > Z

A set of sufficient conditions for this result is



Preventive Expenditures

Consider the expenditure response of the individual to a
change in the environment, dX dE. Using the first order
condition, F, shown in equation (11) and the inplicit function
rule, its-follows that:

(21) dX/dE = - Fg/Fy = - Fp/delta

where delta < O from the second order condition given by equation
(12). The sign of dx/dE then is the sane as the sign of F

Differentiating F with respect to E we get: .

(22) F = (UP - UP)YH- (UP -UZP) H
E 00 11 E 00 11 EX

whi ch cannot be signed unanbi guously. The inplication is that
dX/dE need not be negative in that preventive expenditures could

increase with an environnental inprovenent. Nonet hel ess, under
pl ausi bl e conditions dXx/dE will be negative. If HEX > 0, which
is the case if Hand E are substitutes,and if (U Py - U;Py) > O,
which is the case if expected utility when heal ?hy exceeds the
expected wutility when sick, and if the difference between
expected narginal wutilities is small, then Fg < 0. If Fp <O,

then dX/dE < O.

Change in Health Risk

The risk response to a change in the environnent, dH/dE,
depends in part on dX/dE as can be seen from equation (17). The
sign of dH/dE is negative if dx/dE < O and if Hg is larger in
absolute value than Hy dX/dE; the sign of dH/dE is al so negative
if ax/d4de > 0. In ot her words, the sign of dH/dE is negative
except' when dX/dE < 0 and, what seens to be unlikely, the direct
effect (HE) is less than the indirect effect (Hg dX/dE). Wiile
it is possible that the indirect effect can dom nate even where
there is evidence of counterproductive exogenous changes,
alternative explanations are offered as being nore plausible,
e.g. see Viscusi (1984).

. The upshot of this discussion is that while the two terms in
equation (19) taken together surely inply that a positive anount

will be paid for an environmental inprovenent, it is not strictlv
true that the terns separately will each inply positive paynents
It is the case, however, that the paynents for reductions In risx
and preventive expenditures will be positive under the plausible

conditions that X and E are substitutes and the direct effect ot
E on H donminating the indirect effect through dX/dE.  Under these
conditions the willingness-to-pay for an environmental
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improvenment is the sum.of the utility value of the reduction in

risk and the savings in preventive expenditures. Al so under
these conditions the savings in preventive expenditures, dXx/dE,
is a lower bound on wllingness to pay. If the conditions

descri bed above do not hold, then dX/dE is not necessarily a
| ower bou-nd on WIP. Under no plausible conditions is dX/dE a
speci al case of WP.

Cost of |1l ness

On the basis of the benefit expression it is tenpting to
consider a value of exogenous inprovenent based solely on the
costs of illness as special case of the general WP neasure.
Indeed, there mnight appear to be conditions under which the
expressi on approaches being a special case of WP. For i nstance,
if (1) defensive expenditures are nonexistent or unchanging, and
if (2) health does not enter the utility function directly, the
WP expression shown in equation (19) collapses to the first
term and the difference in expected utilities when healthy and
ill only reflects the reduced |evel of consunption when ill due
to the costs of illness incurred, Z Even with these severe
restrictions, however,

UMXP - UMX-2)P
0 1
(23) - Z dH/dE #

where nf = U'[Py(l-H) + P H]. For Z to equal WP additional
guesti onabl e res?ri ctions are necessary. For exanple sufficient
conditions are that (3) the nonetary value of the wutility of
consunption be equal to consunption expenditures, Z = U(Z)/mx*,
and (4) the probability of survival be equal to one, Py = P; = 1,

see Table 2-1. In fact, there are no plausible assunptions which
can be nade to sinplify the WP neasure to cost of illness. It
is even less likely that WIP will equal Z*, the nore comonly
used cost of illness neasure which excludes the value of |ost

nonwork ti ne.

Morbidity Risk

For the sake of brevity and because considerable attention
has been given to nortality risk in previous articles we focus on
valuing changes in norbidity risks. 19 +Fer the pure norbidity
case, there is no possibility of death whether healthy or ill, so
Py = P = 1. The genera WIP expression, equation (19),
simplifies to:
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U(M-X,0) - U(M-X-2,1)
(24) - dM/dE — e dH/dE - dX/dE
P-P-1 m* %

— e .. dH/dE - dX/dE

where nr = U'(1+H) + UH which is expected marginal wutility of
0 1
consunption for the norbidity case.

The relationship between WP and preventive expenditures is
again, as in the case of norbidity and nortality, conplex in that
neither is unanbiguously |arger than the other. Agai n, however,
under simlar plausible conditions d4xX/d4E is | ower bound on WP;
see Table 2-1.

As in the case of norbidity andnortality there is no reason
to believe that WP equals the savings in costs of illness, - Z
dH dE. Pl ausi bl e conditions do exist however, under which - Z
dH/dE is a lower bound on WP. |If dH/dE < 0 and dX/dE < O,
then WIP > - Z dH/dE because Z dH dE One reason is that
health enters directly in the utility function and utility is
enhanced by health; U C O > Uu(c,1). Another reason is that we
expect the dollar value of wutility lost due to losing Z dollars
of consunption to costs of illness is less than Z. Thi s
rel ati onship between the value of the utility of consunption and
consunption expenditures, or |abor earnings, has been explored in
depth in the "value of life" literature. Conceptual ly it cannot
be shown, strictly, what the enpirical relationship should be,
see Linnerooth (1979). Still, a representative theoretical
conclusion is that the wvalue of utility of consunption or
earnings will "usually" exceed their dollar value; see Bergstrom
(1982). Reviews by Blomuist (1981, 1982) and Violette and
Chestnut (1983) of the estinmates of the value of nortality risks
are consistent with Bergstroms conclusion. The inplication for
our case of norbidity is that U2Z)/m* > Z dHdE Thi s
relationship along with W(C O > u(c,1) lead WIP > - Z dMdE. If
al so dX/dE < 0, then WP exceeds - Z dH/dE by a greater anount.
So, while we cannot definitely conclude that cost of illness
neasures produce a lower bound for wllingness to pay, the |ower
bound concl usi on seens plausible. These results are sumarized in
Table 2-1.

2.2.3.3 Conparisons to Certainty Values of Mrbidity
The willingness to pay expression in the pure norbidity case

Is shown in equation (24). The WP holds expected wutility
constant in the face of an exogenous change in health risk. Thi's
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can be conpared to measures of certain changes in norbidity as
foll ows.

Define consuner surplus (CS) as the dollar anount which
holds wutility constant in noving from the certainly sick to the

certainly well state. For an irreplaceable comodity such as
health this nmeasure is what Cook and Gaham ((1977) <call a
"ransom " In terms of the nodel, CS is thus the difference

between the utility in the healthy state and sick state (U, - U;)
expressed in dollar terns by dividing by the marginal utility of
i ncone. The expected consuner surplus associated wth an
exogeneous change in the environment is the product of CS and the
change in the probability of the certainly well state caused by
t he exogenous change:

(25) Expected CS = - CS dH dE.

(marginal utility
of incone)

Conmparing equations (24) and (25), it is clear that the
willingness to pay for changes in norbidity risks given by (24)
is alnost the expected value of consunmer surplus, adjusted for
changes in preventive expenditures. That is, equation (25) is
alnost the first term of equation (24). The only anmbiguity in
this conparison is that in expressing the change in utility in
dollar ternms in equation (24), ntr*, the expected nmarginal utility
of inconme or noney is used. Since m** is a weighted average of

marginal wutilities when healthy and when ill, if we assune the
marginal utilities are the sane, the problem is resolved. 1In
general, it is not clear when these two marginal utilities wll
be equal, since differences in consunption levels and health
status are involved. The relationship between the nmarginal
utilities of income across states also depends upon the
opportunities the individual has to adjust expenditures across
st at es. For instance, wth actuarially fair insurance available
the individual wll equate narginal wutilities across states,
though this will not necessarily result in full insurance in the
sense that levels of wutility are equal across states (see Cook
and G aham (1977)). In any case, if the marginal wutilities of

income across states are close to each other, wllingness to pay
for a change in health risks is approximately equal to the
expected value of consumer surplus, adjusted for changes in
preventive expenditures.

Consuner surplus is what previous studes which address the
pure norbidity case have neasured in their valuation expressions

since they have avoided the question of uncertainty. The
enpirical work in Volumes 2 and 3 of this report also nakes use
of consumer surplus, In particular, since it is difficult to
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appropriately incorporate uncertainty into the contingent
val uation sxperinment, we neasure consuner surpluses associated
with certain changes in norbidity. However, we are able to
approximate wllingness to pay for risk changes by the expected
val ue of these consuner surpluses as explained above.

2.2.4 Copckuding Remarks

The min purpose of this paper has been to conpare
preference-based wllingness to pay neasures for human health
risk reduction with the min alternative approaches that are
currently in use. After providing discussions of the various
approaches, we construct an eclectic nodel from which we derive
preference-based (WP) values for changes in health risks, which

are then conpared with the alternative approaches. The nodel
incorporates partly endogenous health, wuncertainty, nortality,
and norbidity. In fact pure nortality and pure norbidity, to

which previous studies have been confined, are considered as
special cases of the nore general framework.

In the general case, we find that the preference based
willingness to pay neasure for reductions in health risks
consists of two terns: a utility term which reflects the cost of
ilness as well as other factors; and a termreflecting preventive

expendi t ures. It does not follow, however, that benefit neasures
involving the cost of illness alone or preventive expenditures
alone are special cases of our general willingness to pay
measure. It is difficult or inpossible to specify truly
reasonabl e assunptions under which the willingness to pay neasure
collapses to a cost of illness neasure or a preventive

expendi tures measure. Qur enphasis is sonewhat different from
that of Harrington and Portney's in that their wllingness to pay
measure for a reduction in norbidity is reduced to the cost of
illness measure under the assunptions that there are no
preventive expenditures, and health does not enter the utility
function directly.

Even the weaker result that the alternative benefit neasures
are lower bounds to the wllingness to pay neasure does not
necessarily hold for our nodel. Wthout additiona. assunptions
we cannot establish any general conparisons between the three
measur es. W do find a set of plausible assunptions under which
some conparisons of the alternative benefit measures can be nmade.
First, it is necessary to assunme that the environnment and
preventive expenditures are substitutes in reducing health risks.
Second, the direct effects of a change in the environnent on
health risks nust outweigh the indirect effects, so Hg >
(Hg)(dX/dE). Third, the marginal utilities of consunption when

healthy and ill nust be approximarely the sane.

If the above assunptions are nade, for the special cases of
pure nortality and pure norbidity. both the cost of illness and
the preventive expenditures wll plausibly be lower bounds to
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willingness to pay. The cost of illness approach understates the

true willingness to pay for several reasons. First, it neglects
the savings of preventive expenditures. Second, it does not
allow for individuals to enjoy health directly, i.e., it inplies
in our formulation that health q does not enter the wutility
function.' Third, from the "value of life" literature it seens
reasonable to conclude that the value of the wutility of
consunption will exceed consunption expenditures, so the utility
lost due to expenditures lost resulting from cost of illness is
greater than the cost of illness. It should be stressed that

this result directly applies to the case of nortality, but would
seem to be plausible for norbidity as well.

Preventive expenditures also are likely to be a |ower bound
to willingness to pay. The preventive expenditures are not a
conplete neasure of the benefits of health risk reduction to an
i ndi vi dual because the individual enjoys gains in expected
utility as well as the savings of expenditures. Qur nodel does
not suggest any necessary relationship between the cost of
illness and preventive expenditures neasures.

One additional result is that the benefit of an exogenous
change that inproves both nortality and norbidity risks is not
the sinple sum of the benefits of nortality risk reduction and
the benefits of norbidity risk reduction.

Qur results'come from a nodel of individual maximizing
behavi or which considers the private costs and benefits. Thus,
our results cannot be inmediately generalized to social costs and
benefits. However, we are able to draw sonme concl usions. For
instance, we find in the case of pure nortality that private WP
and private cost of illness are unrelated since the latter does
not matter to an individual if he dies. Only if we were to build
in bequests, or to inpose sonme constraint on the anount of debts
thatcoul dbe 1left at death, would costofillness enter the pure
mortality framework. But we know costs of illness are not
necessarily zero for society. So society's wllingness to pay
for a reduction in nortality risk may exceed the wllingness to
pay of the individual.

Enpirical research on nortality risks has tended to confirm

the prediction that benefit neasures based on cost of illness
will be lower bounds to benefit neasures based on a wllingness
to pay approach. Further empirical work is neede to
substantiate or refute the theoretical result that for norbiditv
the cost of illness will be snaller than the willingness to pay
Wrk.along these lines is reviewed in Section 2.6, I'n addition.
future enpirical work could shed sonme light on the case where
both nortality and norbidity risks are present. Data which
contain contingent value estimates of willingness to pav.

estimates of direct and indirect costs of pollution related
illness, and also pollution related preventive expenditures could
be highly wuseful. These data would enable us to further
investigate the questions examned in this section.
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2.2.5 Footnotes

1. Cropper (1981) does obtain estinmates of valuation of health
changes, she does so only under very specific assunptions.
CGerking and Stanley (1984) do so nore generally, estimting
the value of a change in health as the cost of preventive
activity times an estimated ratio of narginal products of
inputs in the heatlh production function.

2 For a review of |abor narket studies see Snmith (1979). For
a conprehensive survey of the literature on willingness to
pay and fatality risks see Blomuist (1982).

3 C consists of both expenditures on nmarket goods and services
and on time, conbined in fixed proportions. |If the value of

time is constant at the market wage rate, then consunption
time expenditures are sinply the product of the wage and the
amount of tine spent in consunption activities. Preventive
expenditures (X) and costs of illness (Z) introduced bel ow
are also assuned to consist of expenditures on tinme and
mar ket goods conbined in fixed proportions.

4 Typically, the cost of illness approach only includes
earnings lost or the value of time lost from work and
excludes the value of time lost from consunption activities.
Define z* = Z - ¢y, where €y is the value of time lost from

consunpti on. In our conparisons of the cost of illness and
willingness to pay approaches in section 2.6 we wll enploy
the nore widely used Z* definition of the cost of illness.

5 M is the sum of nonlabor income and potential earnings.

Assuming the wage rate is constant, potential earnings are
sinmply the product of the wage rate and the total tinme in
t he peri od. The individual's problem can be expressed in
terns of the choice of X rather than its goods and tine
conponents, because of the fixed proportions assunption for
X, ¢, and Z

6. Just as with Z expenditures, X expenditures provide no
utility directly by thensel ves.

1. Al though the consuner's problem as expressed in equations
(6) and (7) is single period in nature, it can be
generalized to allow for multi-period planning as has been
done by Crooper (1977). In particular,' suppose the
probability density function, the probability of survival
function, and the wutility function all vary over tinme.
Assuming an infinite planning horizon, the consuner's

probl em can be restated as
MAX E(U) = the integral from T to infinity of the integral
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from negative infinity to positive infinity of
U(Mt'xt'F(qt))qt;t)p(qtvt)h(qtrxt»Etrt)dth'

Note that for any given individual, Z is fixed once the

di sease i s contracted. In a nore extended analysis, Z could
be nade to depend on other variables such as the price of
medi cal care. Z could be nade endogenous in the current

framework if it were specified as a function of preventive
expendi t ures.

Ternms involving the partial derivative of U with respect to
q, disappear, since these terns are nultiplied by dq, and dq
= 0 since qis set at either 0 or 1. Simlarly, recalling
that the costs of illness Z are given by Z = f(q), dz =
f|l(q) dq = 0, since again dq = O.

10. Although we concentrate on norbidity risk we should note

2.2.6

another inplication of our nodel for the cost of illness
appr oach. Typically col studies separately estimate the
norbidity costs and the nortality costs and sinply add them
together, e.g., see Mushkin (1979, p. 385). From our nodel
it is evident that willingness to pay for conbined norbidity
and nortality risks is not the sumof the willingness to pay
for the special cases al one.

Ref er ences

Acton, Jan Paul . Eval uating Public Prograns to Save Lives:
The Case of Heart Attacks. Rand Corporation R-950-RC,
January 1973.

Becker, Gary S., Human Captial. Colunbia University Press,
New York, 1964.

Bergstrom Theodore C. "When is a Man's Life Wrth Mre
than his Human Capital ?" in Mchael Jones-Lee, ed. The Val ue
of Life and Safety Ansterdam Nor t h- Hol | and Publ i shing Co.,
1982.

Bl omgui st, 4 enn. "The Value of Human Life: An Enpiri cal
Perspective" Economc Inquiry 19, January 1981. pp. 157-164.

Bl omgui st, 4 enn. "Estimating the Value of Life and Safety:
Recent Devel opnents” in Mchael Jones-Lee, ed., The Val ue of
Life and Safety. Nort h- Hol I and Publishing Conmpany,
Anst erdam 1982.

6. Cook, P.J., and Graham D. A "The Demand for |nsurance and

Protection: The Case of Irreplaceable Comodities.”
Quarterly Journal of Economcs, 1977, pp. 143-156.

2-23



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Cooper, B. S. and Rice, D P. "The Econonmic Cost of |Illness
Revisited". Social Security Bulletin 39, February 1976. 21-

36 PP-

Courant, Paul N and Porter, R chard C "Averting Expendi -
ture and the Cost of Pollution". Journal of Environnental
Econom cs and Managenent, 8, Decenber 1981. 321-329 pp.
Cropper, M L.  "Health, I nvestment in Health, and
Cccupat i onal Choi ce". Journal of Political Econony. 85,

Decenber 1977. 1273-1294 pp.

Cropper, M L. "Measuring the Benefits from Reduced Mor-
bidity". Anerican Economc Review 71, My 1981. pp. 235 -
240.

Gerking, Shelby and Stanley, Linda. "An Econom c Analysis
of Air Pollution and Health: The Case of St. Louis." M neo.
Uni versity of Wom ng, My 1984.

Harri ngton, Wnston and Portney, Paul R "Valuing Health
Benefits of Environnmental |nprovenents."” Journal of Urban
Econom cs, forthcom ng. Future, My, 1983.

Li nner oot h, Joanne. "The Value of Human Life: A Review of
the Model s". Economic Inquiry, 17, January 1979. pp. 52-74.

Loehman, E. T. et al. "Distributional Analysis of Regional
Benefits and Cost of Ar Qality Control". Journal of Envi-
ronmental Econom cs and Managenent, 6, Septenber 1979. pp.
222- 243.

Mushkin, Selma J. "Health as an Investnent”. Journal of
Political Econony, 70 Supplenent, Cctober 1962. pp. 129-157.

Mushkin, Selma J. Bionedical Research: Costs and Benefits.
Bal I i nger, Canbridge, Mass, 1979.

Needl eman, Her bert and Grossnman, M chael . "Heal th
Econonetric Methods for Miultinedia Pollutants." Workplan for
US. EPA Cooperative Agreenent. (Sept ember 1983).

Smth, Robert S "Conpensating Wage Differentials and
Public Policy: A Review'. Industrial and Labor Relations
Review 32, April 1979. pp. 339-352.

Smth, V. K "Option Value: A Conceptual Overview, "
Sout hern Economi ¢ Journal, January 1983, pp. 654-68.

Smith, V.K and Desvousges, WH  "Averting Behavior: Does
it Exist?" Vanderbilt University Departnent of Econom cs
Wor ki ng Paper, Septenber 1985.

Viscusi, W Kip. "The Lulling Effect: The | npact of child-

2-24



22.

Resi stant Packaging on Aspirin and
American Econom c Review 74, May 1984.

Wei sbr od, Burton A "Costs and

Anal gesid | ngestions”
pp. 324-327.

Benefits of Medi cal

Research: A Case Study of Polionyelitis.” Journal of

Political Econony-, 79, May/June 1971.

2-25

pp. 527-544.



2.3. HEALTH ECONOVETRI CS: AN ASSESSIMVENT
2.3.1. Introducti on and Overview

The purpose of this assessnent is to determne what the
enpirical evidence is with regard to effects of environnental
quality on human heal th. The focus is on cross-sectional studies
neasuring the relationship between nortality rates and anbient
air quality neasures. A primary concern is whether or not these
studies taken separately or as a whole can shed light on the
structure of demand for health, not just net responses to changes
in environnental characteristics on health neasures. In this
regard a fundanental consideration is the role of avoidance
practices made by individuals in response to adverse health
conditions in specification, estimation, and inference from
econonetric nodel s. One reason for such concern is that inpacts
on health of differences or <changes in climtic conditions,
environmental quality, and other influences reflect the net
effect of these differences after avoidance has taken place in
response to what otherwise would have been adverse health
effects.

An illustration is presented in Figure 2-1 where D is the
demand for health, H and there are two sources of health
production: that from local anenity and environnmental conditions
and that produced by individual behavior. An extreme case is
wher e w1th envirdonmental quality Qg health status on average
would Be MO tn the -absence of ot her behavi oral responses (e.g.
def ensive or avoi dance measures). The supply of health from qg
is thus inelastic at H ™ At a simlar extreme, suppose that
avoi dance procedures are perfect substitutes for environmental
conditions and can be produced by an individual at constant cost
C Then, as depicted in Figure 2-1 health status would be H
wWith defensive or avoidance expenditures given bv _C ( H - H").
Consumer surplus is given by the area inside oefet?

Now suppose that instead of qg, environmental quality was
given by Q; which is less than Q The supply of hcealth from
such condltlons is now H Ch is less than yet the
difference in health stat us c%n be offset by additional avoi dance
procedures at a cost of H1 )1 Consurer surplus in this
case is given by the ar Sa oefdH* which is less than that
previously by exactly C - uly.

In the above exanple the correlation between observed health
status (averaging H) and environnental conditions would he zer 8
even. t hough beneflts Olf enV| ronnental inprovenents from Q" to Q
would be C x (H the other hand, in a stochastic
setting, regression of H (or more realistically, variations of
actual health status around H ) 'on Q and expenditures (or the
l evel) of avoidance would result in biased estimates of causal
effects of pollutants on health quality because expenditures are
endogenous (aff ected by health status in their absence)
However, controlling for the feedback effect (e.g. through use of
instruments for health expenditures in the econometric
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specfication of health status) the pollutant effect on health is
essentially that which would occur wthout responding avoidance
supply effects. In thg extr eme, the effect of an environnental
qualit% change from QY to Q- would lead to a change in health

from HY to H* appropriately holding health expenditures
const ant .

More generally, differences in environmental conditions faced
will be reflected in differences in health status even after
avoi dance procdures. The resulting calculation of benefits due to
i mprovemrent in environmental conditions needs to consider not
only cost savings (from a reduction in avoidance expenditures)
but also the value of the increased health that would result.

Wth this in mnd the assessnent considers the results from
five enpirical studies of the effects of environnmental pollutants
on nortality: Lave and Seskin (1977), Crocker et al (1979),
Chappie and Lave (1982), Mendelsohn and Ocutt (1979), and
Schwing and MDonald (1976). The purpose of this assessnment is
not to duplicate the critiques of such analyses as presented in
the EPA's "Air Quality Criteria for Particulate Matter and Sul fur
xides." Rather it is to determne if estinated effects in these
studies are robust in light of the ways in which avoi dance and
ot her neasures are treated.

2.3.2 Study Sunmaries

L.Lave and E. Seskin, Air Pollution and Human Health (Baltinore:
Johns Hopkins University Press), 1977.

This analysis conpares nortality rates across 117 SMSAs in
1960 related to sulfates and particulates and 69 SMBAs in 1969
considering the effects of S0,, NO,, and NGB also. Cl assi cal
| east squares estinmation techniques are applied with control for
effects of population density, percent of popul ation over age 65,
percent of non-white population, and the percent of househol ds
with income less than poverty level. Measure's of avoidance or
defensive activities are not explicitly included.

T. Crocker, W Schulze, S Ben-David, and A Kreese, _Mthods
Devel opoent for Assessing Air Pollution Control_ Benefits.
Vol. |I. (Washington, D.C.: Environnment Protection Agency)
EPA-600/5-79-001a, 1979

This analysis conpares nortality rates across 60 cities in
1970 and relates these to so,, TSP, and NO,. O her exogenous
variables included in the stuéy are neasures of population that
was non-white, nedian age of population, living space density,

2-28



cold tenperature, cigarette consunption, and three dietary
vari abl es. Al so included as an explanatory variable is a neasure
of physicians per capita. An instrument for the latter was
enployed in estimation of the nortality rate specification in
order to control for its potential endogenity with respect to
nortality rates.

M cChappie and L. Lave, "The Health Effects of Ar Pollution: A
Reanal yses," Journal of Uhan JFrononmics 12 (1982),
PpP.346-376.

Data for 104 SMBAs in 1974 are enployed in this analysis.
Many variants of the previous Lave and Seskin nodel are exam ned
which add to the set of control variables many dietary variables,
as well as cigarette and alchohol consunption neasures. In
addition the effect of physicians per capita are exanm ned (taking
into account its potential endogeneity).

R Mendessohm and G Orcutt, "An Enpirical Analysis of Air
Pol | uti on Dose- Response Curves," Journal of Environnental

Mortality rates in 1970 for 404 county groups in the
contiguous U.S. are examned in this study. Pol | ut ants
considered are sulfates, nitrates, s0,, NO,, CO TSP, and QCzone.
Many control variables are enployed in estimting age-sex-race
nortality rates. These include denographic characteristics for
the age-sex-race group, the county group, as well as climtic
condition and region specific characteristics. The estinmation
techniques is weighted |east squares.

R Schwing and G MDonald, "Measures of Association of sone Ar
Pol | ut ant s, Natural lonizing Radiation and Cigarette
Smoking with Mrtality rates”, in The Science of the Total

Environoent 5, (1976), pp.139-169.  ------- -- ==

Mrtality rates in 46 SMBAs in 1960 are considered in this
st udy. The pollutants considered are Ss0,, S0,, NO,, NOj, and
hydr ocar bons. In total 23 explanatory variable (climtic
conditions, pollutants, cigarette snoking. and natural ionizing
radi ation) are enployed to study total and disease specific
nortality rates. Three alternative estimation techniques are
applied to these data: ordinary |east squares, ridge regression,
and sign constrained (with respect to pollutants) least squares.
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2.3.3. Assesspent
2.3.3.1. Pol lutant Effect Conparison

Table 2-2 shows the effects of a 1 m'crogranimater3
increase- in various pollutants on the nortality rate
(deaths/100,000) inplied by estimates from the five studies
outlined above, Conparison between studies of single pollutant
effects are made sonmewhat difficult by the differences in the
pol lutants considered in any particular study. Correl ation
bet ween included and excluded pollutants thus hanper the validity
of inference based on effects of single pollutants. However ,
except for the estimates from Crocker, et.al. effects of sulfur
oxi des (so, and so, are positive and often substantial. The sign
of effects of TSP are not consistent across studies. Except for
the results in Mendel sohm and Ocutt, effects of N trogen oxides
appear positive.

2.3.3.2. Study Design and Estimation Approach

Besides differences in the sets of pollutants considered
in each study a variety of study design and estimation approach
differences are relevant for assessnent of these studies. A
first consideration is that the Lave and Seskin and Mendel sohm
and Ocutt studies do not control for such factors as snoking
behavior or dietary characteristics of the population group

consi der ed. Correl ation between these nmeasures and the pollutant
variables would serve to bias the estimated pollutant effects
maki ng serious inference from these two studies suspect. The

Schwing and MDonald study suffers simlarly from lack of
inclusion of many of these potentially inportant variables.

The Chappie and Lave and Crocker, et.al studies, however,
are very simlar in that they include snoking and dietary
varibles as well as consider the role of physicians per capita in
affecting nortality rates. Yet, the inplications for pollution
effects differ substantially. To understand the reason for these
differences nore fully Table 2-3 presents the estimted
coefficients on the other explanatory variables (for
deaths/100,000) enployed in these two studies. The denogr aphic
vari ables enployed differ except for the percent of the
popul ation that is non-white. The coefficients on this variable
are simlar, andifthe piece of a package of cigarettes averaged
slightly less than $1.00, the effect of population snoking
characteristics is simlar between these two studies. Effects of
physicians per capita are also very simlar between the two
st udi es.

Substantially larger effects of per day protein
consunption on nortality rates are found in the Crocker, et.al
study conpared to those in Chappie and Lave. Moreover, these
effects are nore precisely estimated in the Crocker, et.al.
st udy. This suggests a potentially inportant influences of
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correlation between dietary characteristics and the various
pol | utants considered in each study. G her than this, the
reasons for the differences in pollution effects nay be solely
due to the difference between the effects of sulfates and the
effect of so0,.

2.3.3.3. Overall Design Consideration

Both the Crocker, et.al and Chappie and Lave studies
address the endogeneity of physicians per capita on nortality

rates within a cross-sectional setting. Such woul d be expected
as demand for physician services may be one result of avoidance
or averting behavior with respect to health problens. However ,
this is only one factor that may be inportant. Avoi dance

behavior may also be reflected in dietary, snoking, and alchohol
consunption which needs to be seriously treated in further
enpirical work.

Avoi dance or averting behavior in place, such as described

above, is but one avoidance alternative. A second nmay be
avoi dance through changing residence location in response wo what
woul d otherwi se be adverse health conditions in an area. One

inplication of this would be that individuals may |ocationally
sort thenselves in accordance with differences in environnental

quality anong areas wth those least affected living in
relatively low quality areas. If such is the case, estinates of
nmortality rates differences between areas as a function of
pollution would Ilikely wunderstate the effect of changes in
overall pollution Ilevels (especially those occuring in high
pollution areas to begin wth). Secondly, individuals may change
| ocation in response to what would otherwi se be continued ill-
health effects of pollution in one area. In such a case persons
adversely affected by pollution mght end up dying (and
increasing the nortality rate) in low pollution areas. Thi s

would also lead to an wunderstatement of the true effect of
pollutants on nortality rates such as those based on the existing
cross-sectional analysis.
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Table 2-2

Estimated Effects of 1 Mcrogram Per Cubic Mter |ncreases
in Selected Pollutants on the Mrtality Rate

(Deaths/100,000)

| |Mendel- |Schwing
| Lave and | Lave and| Chappin and| Crocker|sohm and|and

| a | b | c | d |
Pol lutantl Seskin | Seskin | and Lave | et.al. |Orcutt |McDonald
so2 2.64 -.313 1.02 201
Sul f at es 5.418 -1.02 13. 052 16.0 18.0
(S04)
TSP .619 -.022 -.322 . 107 -.051
NO2 .17 .082 -.082 -1.09
Nitrates .035 -.059 2.3
(NO3)
CO(mili- 7.04
gram per
cubic
nmet er)
03 58
T TTTTnonssnsssssiosissisisisissiesissossoes-s
From Lave and Seskin (1977), Regression 7.1-3
b

From Lave and Seskin (1977), Regression 7.8-10
C

From Chappie and Lave (1982), Regressions 6-9
d

Based on inplied effects of 1 mcrogram per cubic neter change
using estimates in Table 11l and pollutant neans in Table A in
Mendel sohm and Orcutt (1979), 1970 age characteristics of the
popul ation for <creation of adult popul ation nortality rate
effects.
e

Schwi ng and MDonal d present estimated elasticities of'pollutant
effects on nortality rates. The estimates in Table 1 are based
on elasticities for the pollutant at its primary standard |evel
or, in the case of nitrates, at the average level presented in
Mendel sohm and Ocutt (1979). Results are based on the
constrained |east squares elasticity estimtes for total
nortality rates given in Schwing and McDonald (1976).
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Tabl e 2-3
Conpari son of

Estimati on Results
(deaths/100,000)

Expl anatory Vari abl e

Percent of popul ation non-white

Medi an age of popul ation
Percent of households wth
greater than 15 persons/room
Nunber of days with
tenperature bel ow 0°
Packages of cigarettes/year/
capita

Per capita expenditures on
snmoking itens

Per capita expenditures on al chohl
1n (popul ati on)

Median famly incone

In (popul ation/sq.mle)

G ans/day/capita of protein

Gram day/ capitaof carbo-
hydr at es
G ans/ day/capita of saturated

fatty acids

Physicians/10,000 popul ation
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Crocker, et.
al .

5.63 ( 4.56)
6.59 (11.54)
31.77 ( 2.35)

1.44 ( 2.91)

2.2 ( 2.81)

70.1 ( 3.55)

-2.92 ( 1.36)

14.6  ( 1.45)

.53 ( 4.35)

Crocker, et.al. and Chappie and Lave

Chappie
and Lave

3.61 (3.47)

2.512 (1.92)

1.255 (2. 45)
-42.59  (1.98)
- . 036 (2.78)

41.98  (1.90)

8.42 (0.21)

146 (0.20)

-2,222(0.12)

- .64 (3.79)



2.3.4. Concluding Comments

Al of the enpirical findings cited in the studies reviewed
in Section 2.3.2 suggest that pollutants can be related to
measures of human health. The data sets enployed and the
statistical techniques enployed differ, often substantially, in
these analyses. Yet, one is very nmuch left with the feeling that
little is known regarding the relevance of the enpirical findings
for estimation of benefits of health status inmprovenents
associated with reductions in average pollutant |evels, pollutant
mx, or changes in pollution dispersion over, for exanple, a one-
year period of tinme. One problem that arises is that multiple
pol lutants are often correlated in anbient air characteristics,
which potentially reduces the information that can be gained
regarding one particulare pollutant's inpact on health isolated
from those of other pollutants. This problem however, is one
t hat et hodol ogi cal approaches using anbient air quality neasures
can only hope to acknow edge and mnimze wusing appropriate
nmet hods of inference from enpirical results. Three nore serious
problens arise (some of which are addressed in the literature)
which are of concern for current purposes. These are outlined
bel ow.

If the demand curve for health were known, in the extrene
setting considered in Figure 2-1 conparison of pollutant effects
on nortality rates not holding constant and hol ding constant the
endogeneous avoi dance behavior of individuals in respoHse t,0
adverse health status should indicate the difference HU. H 1
Clearly, the health econonetric studies examned do not yield

reasonsabl e nmeans of doing so. This information js q\éi te useful
in that it would allow for estimation of area H%abH” if D were
known. Indeed, the _inf _rmation that is mssing but needed is an

estimate of area Hldch® , the anobunt of avoidance costs incurred
to offset the decline in environmental quality. An inportant
pi ece of information could thus be gained by regressing health
avoi dance costs (or at |east those neasurable) on environnental
quality, giving an indication of this area. In nore conplicated
avoi dance cost situations where C is, for exanple, an increasing
function of (H - H1) or shifted as a function of HY, this type
of avoidance cost information would still be needed in order to
determine true benefits of pollution reductions. Regar dl ess,
structural estimates of not just the human health specifications
are needed in order to get an appropriate measurenment of the
benefit function for reduced pollution. A need in this regard
is thereby to investigate the opportunities available in
estimating the full set of sinmultaneous relationships involved.
Two potentially inportant areas in which to extend even further
enpirical analysis in this regard are discussed bel ow

2.3.4. 1. Locati on Change Conplications

In one very relevant sense, the level of pollution faced by
an individual are subject to choice. O relevance for current

2- 34



purposes is whether or not individuals respond to ill effects of
pollutants on 'human health (or health production) by mgrating to
areas wth better environnmental quality if they do and if past
period pollutant experiences affect future health conditions, in
an extrenme case a nhegative partial correlation between current
health status and currently faced environnental conditions is not
only expected but is also a neasure of the severity of the
pollutant's inpacts on health preservation.

Endogeneity of location choice and thus environmental quality
means that feedback between current health status and current
pollutant levels needs to be explicitly incorporated into health

econonetric studies. It is not sufficient to sinply include a
net mgration variable into nortality or norbidity rate
speci ficati ons. In any case, only health induced magration would

be of concern regarding correlation of the mgration neasure and
the error termin the health specification.

More generally, effects of exposure to pollutants may be
| agged or cumnul ative. It is inportant to deal nore adequately
with exposures faced by individuals over |onger periods of tine
(controlling for location changes) than has heretofore been
at t enpt ed. This would be especially relevant in attenpting to
nmeasure differences in inpacts on health of fluctuation-s in
environnmental conditions and long-term differences in exposure.

2.3.4.2. Popul ati on Heterogeneity

Alnost all of the health econonetric studies acknow edge
likely differences in effects of pollutants on individuals. In
fact, even in its nost random form where pollutants equally
affect everyone's probability of a certain health effect, sone
i ndividuals are spared the impact which others are not.
Controlling for differences in measured demographic
characteristics of the population allows for alleviation of sone
of the problens involved with heterogeneity in susceptibility.
still, the problem of heterogeneity in unnmeasured characteristics
poses a neasurenent problem

One way of starting to deal wth this is to consider
nmeasurenent of changes in health status of a panel sanple of

i ndi vi dual s. Effects of pollutants may then be related to the
act ual health status of individuals in prior years to help
address the question of susceptibility. In conjunction wth

this,the role of migration in response to deterioating health and
its impact on location of, for exanple, death, relative to
pollution levels could be nore fully exam ned.
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2. 4. COST OF | LLNESS APPRQOACH
2.4.1. Introduction

The cost of illness (CO) approach focuses on those aspects
of the value of health that may be fairly directly neasured:
medi cal expenditures and foregone earnings due to illness. The
basic idea of mnmany co0lI studies is sinply to convey in sone
guantifiable way the inpact of illness on the U S. econony.
These studies range from conprehensive studies of the cost of all
illness in the US for a given year to studies dealing with a

specific disease or group of diseases. The coI approach is also
frequently used as a way to neasure the benefits of a program or
any change that inproves health, for use in benefit <cost
anal ysi s. The reasoning is clear: if illness inposes the costs

of medical expenditures and foregone earnings, a reduction in
illness yields benefits equal to the costs saved.

Researchers have used the COI approach as away to value the
heal th benefits resulting from a change in air pollution |evels.
For instance, Lave and Seskin (1976) conbine their data with the

Cooper and Rice (1976) estimates of the total cost of illness in
the US to find a value for a hypothetical change in pollution
| evel s. This section is mainly concerned with using cost of

illness estimtes as a source for enpirical estimates of the
value of health effects linked to air pollution, though a fairly
general appraisal of 'the approach is al so undertaken.

The appeal of the co0I approach is its seemngly straight-

forward estimation of clear, wel | -defined and observable
quantities. There is a large anobunt of information collected on
medi cal expenditures and foregone earnings due to illness, and

the sources are often good quality, national data bases. Si nce
the CA approach does not place a value on the nore intangible
aspects of health, notably pain and suffering, the approach is
intuivively seen as estimating a |lower bound to the true val ue of
heal t h. As alternative wllingness to pay estimtes for the
value of reductions in nortality risks have becone avail able, the
COI approach is less frequently used to value these risks.
However, alternative estimates for the value of norbidity are
just beconming available, and the range of norbidity effects

valued is still quite limted. The quality of the alternatives
to coI values of norbidity is also questioned. For these
reasons, the coI approach remains an attractive source of

estimates for the values of a wide range of norbidity effects.
In this section the €0l approach is mainly applied to norbidity;
nortality is discussed only incidentally.

A drawback to the cOI approach as usually inplenmented is
that it produces estimates of the total nedical expenditures and
foregone earnings due to illness in the US. However, the data
linking air pollution to norbidity are on an individual basis.
For exanple, air pollution can be related to the days an average
i ndi vidual spends ill inayear. There are two ways to conduct a
benefit cost analysis of air pollution using aggregate cost of
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illness estimates and individual |inks between air pollution and
heal t h. First, the data linking individual health effects and
air pollution could be used to extrapolate the total anount of

illness caused by air pollution in the US. This aggregate
quantity of illness could then be valued using an existing coOI
esti mat e. (This is the procedure wused by Lave and Seskin
(1976)) . An alternative route is to derive from the existing
aggregate co0I studies estimates of an individual's cost of
illness. These individual estimates could then be directly
conbined with the data linking individual health effects and
changes in air pollution. If the objective-is to estimate the
aggregate cost of illness due to air pollution, it would be
necessary to nmake assunptions about the distribution of
individuals and link them to the mcro relationships. As V. K

Smth points out, this "bottom up" approach is probably
intuitively nore appealing to many econoni sts. To inplenent this

approach, estimtes of individual cost of illness are required.
Estimates of an individual's cost of illness are desirable

for several other reasons, The theoretical nodels that suggest
cost of illness nmeasures may be a |ower bound to the conceptually
correct measure of the value of health apply to individual and
not aggregate val ues. In addition, alternative approaches to
valuing norbidity produce estimates of an individual's value of
heal t h. At present, direct conmparisons of these individual
willingness to pay estimates and the aggregate cost of illness

estimates can not be made.

The goal of this section is to express existing C0OI approach
estinates on a basis that relates to what an individual would be

willing to pay for a change in health. Section 2.4.5 puts a
nunber of studies' estimates on a per case and a per day basis.
This procedure is not necessarily ideal, since a "top down"
approach is still wused in estimating the individual's costs of
illness: the process begins with the aggregate costs and uses
these to imply the individual costs. This approach was
originally proposed as a neans to avoid serious double-counting
of costs (Rice (1966)). Since the relative performances of the

"top down" versus "bottom up" approaches is an open issue, Ssone
estimates based on individual observations of costs are also
present ed. Additional information on individual costs was
obtained in the survey described in Volune 3, and reported in
section 2.6 bel ow

Preceding the presentation of the enpirical results obtained
from existing cOI studies (section 2.4.5), a general assessnent

of the usefulness of the col approach is undertaken. Secti on
2.4.2 discusses the relationship between the coIl approach and the
conceptually correct wllingness to pay approach. Section 2.4.3
extends this discussion to consider differences between
i ndi vi dual and societal willingness to pay for health
i nprovenent s. Wiile this distinction is made in the context of
the cost of illness approach, the difference between individual
and societal values is inportant for all attenpts to value the
benefits of health inprovenents. Fol |l o ng these discussions of
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conceptual issues, section 2.4.4 is a critical evaluation of the
standard net hodol ogy of ¢o0I studies.

2.4.2. linking the Cost of |llness Approach to W/l ingness ta Pay

Researchers using the cost of illness approach have noted a
nunber of shortcom ngs of the approach for benefit cost analysis.
For instance, the coI approach nakes no attenpt to neasure the
benefits of reduced pain and suffering associated with health
i mprovenents, as noted above, but concentrates on nore easily
measured aspects of the cost of illness. Thus benefit cost
analysis wusing this approach to valuing benefits may indicate
that fewer resources should flow into cancer research, for
example, than the public mght desire because of the relatively

high costs in terns of pain and suffering of cancer. (This
exanple is suggested by Cooper and Rice (1976).) Another genera
problem is that little value is placed on activities outside of
the nmarketplace, since the approach considers only foregone
ear ni ngs. While recent studies have attenmpted to make
adjustnents to allow for value to be placed on the tine of those
i ndi vidual s keeping house, Ileisure tine in general, and thus nuch
of the time of retired individuals in particular, is inplicitly
not valued at all. Prograns that reduce the illnesses of the

ol der nenbers of society mght be very difficult to justify using
benefit cost analysis, if the benefits are neasured using the col

appr oach. Prograns ained at inproving the health of another
segnent of the population, the very young, may also show few
benefits from the <c¢co01 approach. Since future wearnings are

di scount ed, at a fairly typical discount rate of 10 percent
earnings that start 20 years in the future have a relatively
small present val ue. This list of troubling inplications of
benefit cost analysis using a co0I approach could be extended,
whi ch suggests that the benefits of inproved health that nost
people actually perceive may not be well estimated by the coOI
nmeasur es.

The fundanmental problem with the coI approach is that though
the quantities the studies estimate are clearly inportant aspects
of the benefits of inproved health, the nethodology originally
was not founded on any rigorous theoretical basis. This point is
forcefully made by Mshan (1971), who particularly enphasizes
changes in nortality risks -- the "value of life." He points out
that benefit cost analysis is based on the proposition that an
action is judged by whether it represents a potential Pareto
i nprovenent, that is, whether the gains resulting from the action
can be distributed so that at |east one person is nade better
off, and no one is nmade worse off. To use this criterion, it is
necessary to look at the sum of what each nenber of society is
willing to pay or accept for the change. The problem with the
CO1 approach to neasuring the "value of life" is that there is no
a priori reason to believe that an individual's future earnings
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will be related to his wllingness to pay for a reduction in
nortality risks. Studies based on individual preferences for
such reductions are now usually said to follow the willingness to
pay (WP) approach.

In response to Mshan's and others' criticisnms, a good deal
of attention has focused on theoretically relating discounted
future earnings to what an individual would be wlling to pay for
a small reduction in the risk of death. Two conclusions energe

from the theoretical work. First, there is no necessary
rel ationship between future earnings and wllingness to pay (see
Li nnerooth, (1981), or Rosen (1981)). Second, however, under

certain restrictive conditions future earnings may be a |ower

bound to the willingness to pay neasures. (Usher (1971), Conley
(1976)).

Conparisons of enpirical work following the c0I approach to
work following the WP approach support both of these

theorectical concl usions. Bl omgui st (1981) in his review of
existing enpirical studies concludes that while "there is no
cl ose association of value of life with future earnings....there
is a strong indication that the value of life is greater than
future earnings." Thus, there is sone theoretical and enpirical
justification for one elenment the cO0I studies estinate: t he
foregone earnings due to premature nortality. It nust be

stressed that the justification is weak. At best, these foregone
earnings are only a lower bound to the conceptually correct WP
neasure, so there is no reason to believe the neasures wll be
cl ose to each other.

Much |ess attention has been paid to justifying the

remaining elements of the COI estinmates: medi cal expenditures,

and foregone earnings due to norbidity. | deal |y, the cases of
nortality and norbidity should be considered together, to allow
for possible interactions (see section 2.2). The expressions

derived from such a nodel are fairly conplicated, but it 1is
possible to show that for the case of pure norbidity, wunder
certain plausible assunptions, the cost of illness will be a
| ower bound to the WP neasure.

In short, theoretical nodels suggest that WP reflects four

conponents: 1) lost wages: 2) additional nedical expenses;
3) the dollar-value of the disutility of additional illness; and
4) the change in defensive expenditures. This can be seen in the
w |l lingness to pay expression derived in section 2.2 for the case

of pure norbidity:

U(M-X,0) - U(M-X-Z,1)

(24) - AM/dE N dH/dE - dX/dE
P-P-1 T *
0 1

The first three conponents of wllingness to pay for a reduction
in the risks of morbidity are reflected 1in the expected

difference in utility when healthy and when ill valued in dollars
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(the first term on the right hand side). The difference in

utility when healthy and when ill depends upon both the cost of
illness term Z and the absence or presence of the condition (0 or
1 as the second argunment in the utility function U). cost of

illness Z is defined to include the value of time lost due to
illness, reflecting both foregone earnings and the value of

leisure tine, and all the out-of-pocket nedical expenditures
necessitated by illness. WIIlingness to pay also depends upon
the change in defensive or preventive expenditures brought about
by the reduction in risks (the second term dX dE). (For a nore

conpl ete discussion and definition of all variables, see section
2.2.)

In contrast, the coI neasure only includes the |ost wages
(often called the indirect costs) and the additional nedical
expenses (the so-called direct costs). The anmount an i ndivi dual
would be willing to pay is largerthanthe Cc0I nmeasure as |long as
the omtted quantities of the WP neasure are positive. Peopl e
will always pay a positive amobunt to avoid the disutility of

illness. VWhi'le Courant and Porter (1981) enphasize that
defensive expenditures may either increase or decrease in
response to an decrease in pollution, the normal cases is that a
decrease in pollution saves defensive expenditures, and so these
savings are a positive part of the WIP neasure. In this case., the
coI neasure of the benefits of a reduction in norbidity is a

| ower bound to the theoretically correct WP nmeasure. However ,
as shown in section 2.2, there are no plausible conditions under
which the cost of illness neasure is a special case of WP

The theoretical nodel does not suggest how close the cor
neasure will be to the WP neasure. Ri gorous conparisons of
these nmeasures are undertaken in section 2.5. Sone idea of the
di fference between the neasures can be gained by considering the

aspects of benefits the col nmeasure neglects: the disutility of
illness and the savings in defensive or preventive expenditures.
Wiile illness my decrease utility in many, possibly subtle,
ways, probably the nopst inportant effect is the pain and
suffering caused by illness. Mushkin (1979) attenpts to estimate
a dollar value on the total pain and suffering due to illness,

basing her estimates partly on market reveal ed preferences, such
as expenditures on painkillers, expenditures for nedical care due
to a pain synptom and so forth, and partly on value's given to

pain and suffering in court awards. Her estimates for 1975 range
from $25.8 billion to $228.6 billion, conpared to a traditional
coI neasure of $322.6 billion. That is, allowing for pain and

suffering could represent an increase of 8 to 70 percent in the
CO0I neasures of the benefits of inproved health.

Unfortunately, no conprehensive estimtes could be found of
the total defensive expenditures due to illness. The household
producti on nodels of health (Gossman (1972)) do suggest that a
wide variety of activities and goods may play a role in the
production of health, so the change in defensive expenditures is
possibly large. As reported below (section 2.6), as part of the
contingent valuation experinment information was collected on
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i ndi vi dual s' purchase of items for health reasons (air
conditioner and humdifiers) and it was found that non-trivial
proportions of the sanple had made such purchases. In relation
to pollution induced health risks, Smith and Desvousges (1985)
find that households do nake adjustnments to reduce the risks of
exposure to hazardous wastes through drinking water, but are not
able to neasure the value of these actions, This evidence
indicates that the change in preventive expenditures may be a
significant determnant of how nuch individuals are wlling to
pay for a reduction in health risks. Thus, consi deration of the
elements of the WP neasure the co0lI neasure neglects suggests a
tentative conclusion that the co1 measure seriously
underestimates true wllingness to pay for an inprovenent in
norbidity.

The general conclusion of the work conparing t h e
approach to valuing inprovenments in nortality and norbidity to
the WIP approach is that the col benefit neasure is a |ower bound
to the WP benefit neasure, but not necessarily a very good
approxi mati on of it. Alnmost all three elements of the coz
neasure can be related to what an individual would be willing to
pay for an inprovenent in health: nedi cal expenditures due to
norbidity, foregone earnings due to norbidity, and foregone

earnings due to premature nortality are all elements of a
theoretically derived neasure. The omission is that nedical
expenditures due to fatal illnesses have not been related to the
willingness to pay for a reduction in the probability of such an
i Il ness. In a nonrigorous argunent, this seens plausible, since
an individual wll not value these expenditures if he is not

alive to pay them The possibility of a bequest notive, though,
inplies that an individual does derive utility from his heirs’
consunption possibilities, and so if the nedical expenditures due

to a fatal illness reduce the anount of the bequest, the
individual may be willing to pay to avoid these costs. O her
possible justifications for including the nedical expenditures
due to fatal illnesses arise from the consideration of societal,
rather than individual, wllingness to pay. The question is

simlar to the problem of whether "premature" funeral costs are
of interest in valuing reductions in nortality risk.

A secondary problem stemm ng from the nmedical expenditures

due to fatal illnesses is that in nmany studies where nedical
expenditures are wused in benefit cost analysis, all nedical
expenditures are inplicitly asumed to be due to norbidity. The
impact of this incorrect assunption is difficult to assess.
Clearly, nost illness does not result in deat h; si npl e

cal cul ations show, for instance that less than 1 percent of the
total cases of pneunmpnia in a year result in death (Mtal and
Health Statistics, various issues). On the other hand, the
treatnent of a fatal case is certainly likely to be nore
expensive than the treatnent of a nonfatal case (unless the fatal
illness is very short), so fatal illnesses may still account for
a significant proportion of nedical expenditures. In this case,
using total nedical expenditures as an estmate of the benefits
of reducing norbidity alone would overstate these benefits.
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2.4.3. I ndi vi dual _ Versus Soci etal. W..lLi.ngness. ta Pay

The analysis so far has focused on COI neasures as

approxi mations of an individual's wllingness to pay for
i nprovenents in his own health risks, but society mght also have
an interest in the individual's health. The problem of which
viewpoint to use, individual or societal, has received attention
in the cost of illness literature. Sonme early researchers, for

instance, reported foregone earnings net of consunption, on the
grounds that it is the net earnings that society lost due to an
individual's norbidity and nortality (see, for instance, Wi sbrod
(1961, 1971)). The common practice currently is to estinmate
total earnings fore-gone, which is justified by the relation
between total earnings and individual wllingness to pay, as
di scussed above. In other ways, however, the co01 studies have
continued to try to consider the societal viewpoint. This can be
seen in further details of the calculation of foregone earnings.
Earnings are estimated gross of taxes, reflecting the value to
society of the taxes that would be paid in the absence of

illness, though what nost likely nmatters to the individual's
utility 1is his net of tax incone. Non-| abor income is not
included in col neasures of foregone earnings, on the other hand,
because though the individual does consunme it, it would not be
lost to society if the individual suffers norbidity or nortality.
In general, the present status of the c¢01 approach mght be

described as an uneasy conprom se between the individual and the
soci etal viewpoints.

Some attenpts have been nade to reconcile the differences
between the individual and the societal viewpoints in measuring
the benefits of inproved health, though these seem to have
concentrated on the case of nortality risks. Landefeld and
Seskin (1982) develop an adjusted process to calculate foregone
earnings, allowing for the individual's perspective in that
earnings are conputed net of tax, non-labor inconme is included,
an individual discount rate is used (as opposed to the social
discount rate), and a risk-aversion factor is applied. These
adj usted foregone earnings estinmates are closer theoretically and
enpirically to the nmeasures estimating individual wllingness to
pay for a reduction in nortality risks directly. Wrking in the
opposite direction, Bailey (1980) attenpts to adjust individual
willingness to pay neasures to allow for benefits to other
persons from the reduction in the risk of an individual's death,
and in sonme ways his nethodology is closer to the nethodol ogy of
the coI approach. He nodifies a WP neasure to allow for future
direct taxes on labor and future indirect business taxes on |abor
that would be lost due to an individual's premature nortality,
and to allow for direct costs associated with a fatality not
borne by the famly of the victim

From the perspective of benefit cost analysis, however, nany

of the deeper conceptual problems in neasuring the differences
between individual and societal perceptions of the benefits of
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health inprovenent are not resolved, and in fact seem to have
received very little attention in this context. A nunber of
problens involve the role of nedical expenditures in benefit
estimati on when considered from an individual versus a societal
poi nt of view In addition, the existence of paid sick |eave
allows the possibility of a difference between individual and
societal valuations of foregone earnings due to norbidity.
Finally, pure altruism plays a part when considering how society

in general values an individual's health risks. Each of these
problem areas is discussed below, but not at the length or with
the rigorous analysis they deserve. It should al so be noted that

in keeping with the general purpose of this section, only the
case of norbidity is considered.

The role of nedical expenditures in benefit estimtion would
be much clearer if the market for nedical care were the textbook
ideal of a conpetitive market in the absence of distortions. In
this situation, Harberger's basic postulates for benefit cost
analysis would apply; in particular it could be assunmed that:
"(a) the conpetitive demand price for a given unit neasures the
value of that wunit to the demanders;" and "(b) the conpetitive
supply price for a given unit neasures the value of that unit to
the supplier"” (Harberger (1974)). For the last wunit bought and
sold, the price observed in the market will be the demand price
and the supply price, in this ideal setting. So for a marginal
change in the quantity of nedical <care, the nmarket price
represents the value both demanders and suppliers place on that
unit, and the change in medical expenditures (price tines
gquantity) is the value of that change appropriate for wuse in
benefit cost analysis, from either an individual or the societal
poi nt of view However, the nedical care sector is far fromthe
ideal non-distorted conpetitive market: there are reasons to
believe the narket price wll not be a good approximtion of the
value of the last unit to demanders; and there are also reasons
to believe that the nmarket price of nedical care may diverge from
the value of the last unit to the supplier, i.e., the value of
the next best alternative use of the resources involved in the
production of nedical care.

The nost obvious reason that the market price of nedical
care may not reflect the value demanders place on the last unit
consuned is the existence of third party paynents. Recent
figures show that over two thirds of all personal health care
expenses are paid for by third parties, including private health
insurers, governnments, private charities, and industry (G bson,
et al., (1983)). Third party paynents drive a wedge between the
demand price (the price the demander or consuner sees) and the
mar ket pri ce. Wth third party paynents, the value the consuner
of medical care places on the last unit may be fairly |ow,
dependi ng upon the portion of the cost he pays. The benefits of
an inprovenent in health to the individual demander wll relate
only to the possibly small reductions in medical expenses he
actually sees in the presence of third party paynents. Follow ng
the col approach to nmeasuring benefits, however, all nedical
expenditures are counted, not just those expenses the individual
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i ncurs. This nmeans that a COI neasure may not be conparable to a
measure based on individual wllingness to pay, unless the
savings to a third party payer resulting from an individual's
reduced health risks are sonehow passed on to the individual, as
could be the case if healthier individuals receive reductions in
their health insurance prem uns. Even if the individual does not
perceive the total savings in nedical expenditures, though, as a
first approximation the c¢oI benefit neasure nmay represent the
societal viewpoint, since the third pary payer, or whoever does
realize the savings in costs (such as other purchasers of health

i nsurance), do benefit. The sum of the savings to the individual
directly involved and the savings to these others will equal the
total nedical expenditures estimated in the cOI approach. Thi s

first approximation msses the nore subtle effects of the wedge
third party paynents drive between the demand price and the
market price involving optimzing behavior on the part of the
demander s. These effects can not be successfully evaluated
wi thout developing a nore rigorous analytical nodel of the demand
and supply of nedical care.

G her ways in which the nedical care sector deviates from
the ideal conpetitive market are the inportance of non-profit
organi zations in providing hospital services, and the conplicated
role the physician plays as both a supplier of nedical care, and
one who has a possible influence on the quantity of nedical care

demanded by the patient. In the absence of the profit notive,
hospital admnistrators nmy pursue other goals, such as a
reputation for high quality nedical care. If this is the case,
hospitals may provide a higher quality, and higher priced, good
than the demanders woul d prefer. The role of the physician could
simlarly result in the patient consum ng nore nedical care than
he would judge optimal if he had full information. So both of

these aspects of the nedical care sector may drive further wedges
between the value of the nedical care to the demander, and the
mar ket price. Again, a nore rigorous analysis is required to
make any concl usions about the inportance of these possible
effects.

A fairly standard analysis can be used in evaluating the
i nportance of one final aspect of the nedical care sector: t he
possible lack of conpetition in the supply of physician services.
Various features of the market for physician services suggest
that physicians may have a substantial degree of narket power:
the effective restriction of entry through the Anerican Medical
Association's control of the supply of nedical students; the
i ncreases over tine in the inconmes of physicians relative to the
i ncomes of what seem to be conparable professionals; and so
forth. In this situation, the nmarket price of nedical care wll
be above the value of the next best alternative use of the
resources used in the production of nedical care. The difference
is an economic rent, or nonopoly profit, that is gained by the
physi ci ans. Now, a reduction in nedical expenditures due to an
inprovenent in health will release resources (physicians) that go
to a use valued at less than the market price of nedical care.
The result is a reduction of the rents received by physicians.
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Thus, the decrease in nedical expenditures is partly a transfer
from physicians to patients. That this tranfer is not a welfare
gain for society as whole using the criterion of a potential
Pareto inprovenent described earlier is clear: the gains by the
demanders of health care are offset by the |osses suffered by
physi ci ans. Distributional effects could be relevant, however.

To summarize the preceding discussion of the nedical care
sector, aspects of the demand and supply of nedical care suggest
that there may be differences in how the individual and how
society value reductions in nedical expenditures. Many of the

effects are wunclear, in the absence of a rigorous analytical
nodel . The clearest result is that if physicians do have sone
degree of market power, part of the reduction in nedical
expenditures wll represent a transfer of inconme, and not a gain

to society as a whole.

Anot her case for which the value of a health inprovenent may
be different depending upon the individual or societal viewoint

is the analysis of lost tinme due to illness if the individual
receives paid sick |eave. This case has been analyzed by
Harrington and Portney (1983) as a variant of their general
nodel . As they note, as a first approximation it mght seem that
lost tine due to illness, though no longer a cost to the
individual, still represents a cost to society as a whole: with
paid sick |eave the enployers would perceive the costs associ ated
with a worker's illness. Then if the c¢coI approach estinmates
foregone earnings wthout allowng for paid sick |eave, the coI
benefit nmeasure will diverge from the individual WP neasure, but
it wll still approximte society's wllingness to pay for a
health i nprovenent. However, the presence of paid sick |eave
changes the individual's optimzing behavior, in particular it

changes his optimal choice of defensive expenditures, and his
ability to trade off leisure time and tinme spent working. As a
result, the formal analysis of Harrington and Portney concludes
that with paid sick |eave, the col neasure is no |onger
necessarily a |ower bound to the WP neasure. (This is the type
of subtle effect that nust be considered in a conplete analysis
of the issues raised earlier involving third party paynents and
other distortions in the nedical care sector.)

The final difference between individual and societal
willingness to pay for a reduction in norbidity that wll be
considered is the possibility of pure altruism In this case,
ot her nmenbers of society are wlling to pay for an inprovenent in
an individual's health, and these amounts should be added to the
i ndi vidual WIP measure. Altruistic motives are clearly
inportant, and in particular famly nenbers nmay be willing to pay
a great deal to inprove the norbidity risks of other nenbers of
the famly. This explanation may relate to the values placed on
i mproving the norbidity risks to children, infant nortality
risks, and even pre-natal care,
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2.4.4, Quality of Cost of Illness Estimates

The analysis of sections 2.4.2 and 2.4.3 suggests there may
be conceptual problems with the cost of illness approach, because
costs of illness may not be closely related to either individual
or societal wllingness to pay for inproved health. Despite
these objections, the cost of illness approach remains wdely
accepted as a standard approach to valuing health. Oten, this
acceptance is justified by the argunment that theoretical
considerations aside, the co01 benefit neasures are easily and

reliably estimated in practice. This section addresses directly
the issue of the quality of cost of illness estimates, as usually
i npl enent ed.

The nost recent attenpt to nake a conprehensive estinmate of
the total costs of illness in the US. is the study by Paringer
and Berk (1977), for the Fiscal Year 1975. In addition, a

conprehensi ve estimate of personal health expenditures by disease
category has been conpleted by Hodgson and Kopstein (1984), for
the year 1980. The health care expenditure estimates of the
Hodgson and Kopstein study, conbined with the estimtes of
foregone earnings due to norbidity from the Paringer and Berk
study will be an inportant source of estimates for possible use
in benefit cost analysis. (see section 2.2.5, below. For this
reason, a review of the quality of these estimates is in order.
In addition, since these studies use a standard nmethodol ogy,
their vveaknessef and' strengths wll be shared by a majority of
the coI studies.

First, the quality of the estimates of health or nedical
expenditures due to different diseases is reviewed. Fol | owi ng
this is a discussion of the estimates of foregone earnings due to
norbidity.

2.4.4.1. Estimates of Health Expenditures

To evaluate the quality of the coI estimates of health
expenditures by disease category, it is necessary to review the
nmet hodol ogy behind these estinates. The conprehensive studies
such as that of Paringer and Berk follow fairly closely the
met hodol ogy developed by Rice (1966). The starting point is a
neasure of total health sector expenditures for a given year, E.
Then, expenditures are broken down by type of service purchased,
i.e. hospital care, physicians' iervi ces, etc. Letting Ej
represent expenditures in the i*" service category, wher e
i=1,...,n, note that the sum of the E; equals E Estimates of
the E; are available from the Health Care Financing
Administration (HCFA). (Before 1978 these estimtes were
prepared by the Social Security Administration.) Next, the coI
studies nust estimate a series of weights, vJ., which represents

the percentage of expenditures in service cat ,egory i accounted
for by disease j. A variety of sources is used to estimate the
different ~vJ;. Finally, the expenditures necessitated by

disease j, EJ, can be conputed as the sum of the expenditures
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necessitated by disease j.in each of the n service categories.
The principle advantage of this nethodology is that double
counting 1is avoided, since total expenditures are sinply
distributed to the different disease categories.

For the purpose of benefit estimation, {t is the
expenditures necessitated by a particular disease, EJ _that are
of interest. Since in general the weights for the | th gjsease
will vary across the service categories, proper estimation of the
expenditures by service category and the weights is required. In
a recent review, Scitovsky (1982) finds problens in both parts of
the estimation process.

A serious problem exists in the HCFA definitions of the
service categories. The nmjor categories of expenditures are:
1) hospital care, 2) physicians' and other health professionals'
services, 3) drugs and nedical sundries, 4) nursing hone care,
and 5) nonpersonal health care services, such as the prepaynent
and adm nistrative expenses of insurance, nedical construction,
etc. Currently, the HCFA estimates of hospital expenditures
include salaries and other paynents to health professionals on
hospital staffs, and the expense of drugs dispensed in hospitals.
So expenditures for hospital <care are overstated, while
expenditures for health care professionals’ services and for
drugs and nedical sundries are understated. A simlar problem
arises in estimting expenditures on nursing hone care: t hese
estimates include the costs of drugs dispensed in nursing hones.
Redefining the service categories to correct for these problens,
Scitovsky presents conservative estimates of the errors in the
1978 HCFA estimates of health care expenditures by service
cat egory. She finds that expenditures for hospital services were
overstated by 12.4 percent, and expenditures for nursing hone
care were overstated by 3.5 percent. Expenditures for dentists
services were wunderstated by 1.8 percent, expenditures for
physi ci ans' services were understated by 9 percent, and
expenditures for drugs and nedical sundries were understated by
50 percent.

Scitovsky nentions other problens with the estimation of the
size of the service categories, but could not estimate the

magni tude of these problens. For instance, expenditures for
physicians' services may be further understated, since the
estimates are based on tax returns of physicians. Particularly

for physicians in private practice, both the opportunity and a
strong incentive to underreport incone are present, so this is a

source of potentially serious error. Anot her problem is that
Scitovsky feels the quality of the data used to estimate
expendi tures for nursing home care is poor. Hodgson and Meiners

(1982) point out a third problem double-counting of costs may
be included in the estimtes of expenditures for non-personal
health care services. As an exanple, the costs of construction
of new hospital facilities should be reflected in the prices
charged for hospital <care, so countin these costs in both
categories is incorrect. This type of error is necessarily
smal |, however, since expenditures for nonpersonal health care
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make up only a small percentage of total expenditures.

One category of expenditures is typicall omtted:
expenditures in the nonhealth sector necessitated %y il ness,
such as transportation to and from nedical providers, special
diets, and so forth. These expenditures are conceptually nedical
expenses, not preventive expenditures, because they follow the
incurrence of a disease and do not prevent or |essen the

probability of illness. It would be quite difficult to make a
conprehensive estimate of these expenditures, since so many
different types of goods and services could be involved. In an

admttedly inconplete attenpt to estimate some of these costs,
Mushkin (1979, pp. 384-5) has estimated that including the
nonhealth sector <costs of illness would increase total
expenditure estinmates by 10 to 16 percent.

The problems encountered in the estimation of the
expenditures by service categories (the E) are probably not as
serious as the problens of estimating the weights used to assign
expenditures to specific illnesses. Based on the criticisnms of
Sci tovsky (1982) and others, the nost inportant problens seem to
be those concerning the allocation of the two |argest expenditure
cat egori es: hospital services and physicians' services.

Most hospital expenditures are for community hospitals.
These expenditures are distributed by days of care for each
di agnostic group, as estimated from the Hospital D scharge
Survey, weighted by expense per patient day. However, several
studies by the Institute of Mdicine (1977) show that the
hospital diagnosis data are inprecise, so the estimate of the

days of care by diagnostic group wll be inprecise. Anot her
problem is that the inpatient/outpatient mx is not accounted for
in the allocation of expenditures. Al'l expenditures are

allocated on the basis of days of inpatient care, but these
expenditures include a substantial amount of outpatient care. To
the extent that the case mx of outpatient care differs from that
of inpatient care, costs wll be msallocated: the weights v,
where 1 = hospital expenditures, wll be estimated incorrectly.

Conmputing the weights for allocating expenditures for
physi cians' services is also problemtic. These weights are
based on the distribution of physician visits by diagnosis, based
on the National Disease and Therapeutic Index, a continuing
survey of private nedical practice in the US. The quality of
these diagnostic data is questionable. Scitovsky feels that
these data are even less reliable than the simlar data for
hospitals, while the Institute of Medicine (1981, p. 89)
describes the data as nore reliable, but less precise due to the
smal | er sanple used in the survey.

A larger problem is that the studies inplicitly assune
equal charges for all types of physician services. Since in fact
a routine office visit is much less expensive than a visit
requiring nore extensive services or surgery, the weights wll be
incorrectly conputed, and thus the costs of different illnessess
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incorrectly estimated. That this is a potentially serious
problem can be seen by conparing several estimates of the
expenditures due to cancer. Rice and Hodgson (1978) nodify
Paringer and Berk's assunption of constant costs by breaki ng down
physi ci ans' services into four types with four different costs.
Using this procedure, they reach an estinmate 85 percent higher
than Paringer and Berk's, and they feel that their result is
still an understatenment. Based on actual observation of
patients, Scitovsky and MCall (1976) estimate physicians'
services for breast cancer as costing three times nore than the
Ri ce and Hodgson estimate, Wiile it is not clear which is the
best estimate, there is certainly a very large range in this
case. In general, it nust be concluded that the estimation of
this set of weights, the v where m = physicians' services, is
al so quite inprecise.

Problens also exist in the allocation of expenditures in the
remaining smaller service categories: drugs and nmedical
sundries, nursing hone care, and nonpersonal health care
servi ces. Early studies' treatnent of the expenditures for drugs
and sundries is poor. The original R ce (1966) study does not
allocate these expenditures at all, and the Cooper and Rice
(1976) update allocates expenditures without distinguishing
between prescription and non-prescription drugs. However, the
Paringer and Berk study does make this distinction (see Berk,
et al., 1978). Wthout knowl edge of the detailed nethodol ogy
used in the Hodgson and Kopstein study, it is inpossible to
assess the accuracy of their estimates of the weights used in the
al l ocation of expenditures for drugs and nedical sundries.
Sci tovsky (1982) found no evaluation of the data in general, and
so could not express an opinion regarding its reliability. on
the other hand, Scitovsky does judge the data used in allocating
expenditures for nursing hone care as poor, so the estimtes of
that set of weights are suspect. Finally, sone remai ni ng
personal health care expenditures nmay not be allocated at all;
Hodgson and Kopstein were able to allocate all but 5.6 percent of
t hese expenditures. However, no attenmpt is nmade to allocate
expenditures for nonpersonal health care to specific disease
cat egori es. For 1980, this neans that an additional 16 percent
of total health care expenditures are left unallocated. In
effect, this final set of weights, v where n = nonpersonal
health care, have been arbitrarily set to zero. Hodgson and
Meiners (1982) in particular enphasize that these expenditures
are a cost of illness and should be allocated by disease category
(to the extent they do not represent double-counting, see above).

A serious problem that affects the estimation of all of the

weights is the treatnent of nmultiple conditions. The procedure
is to allocate all of a patient's expenditures to his primary
di agnosi s, even though nultiple conditions may be present.
Multiple conditions seem fairly comon. Scitovsky (p. 479)

reports studies that 52 percent of hospital patients has nultiple
conditions, 85.7 percent Of all residents in nursing homes has
nore than one chronic condition, and 49.5 percent of the civilian
noninstitutionalized population reported one or nore chronic
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conditions, and the average nunber of conditions per person wth
a chronic condition was 2.2.

In the context of Dbenefit cost analysis, the proper
treatnent of nultiple conditions will depend upon the exogeneous
change being-considered." For exanple, R ce (1966) finds that
cardi ovascul ar conditions are often secondary causes of
disability, and as such increase the costs of treating other
illnesses by necessitating |onger hospital stays, etc. Counti ng
these extra expenditures as part of the costs of cardiovascular
di sease would add around 5 percent to Rice's original estimate.
For a program that prevented or cured cardiovascular conditions,
the savings of the expenditures due to cardiovascul ar
conplications would be a legitimate part of the benefit neasure.
However, a program that prevented the primary illness mght also
prevent sonme of the secondary expense, so the expenditures saved
could be counted as part of the benefit of that program also.
Careful consideration of each program is necessary, to capture

all the relevant benefits, but to avoid double-counting of
benefits.

Proper treatnment of the problem of nultiple conditions is
al so necessary in the estimation of the |ost wages caused by
illness, since these are comonly assigned only to the primry
di agnosis as wel|.

Taken together, the above criticisms inply that the
estimates of health expenditures by disease category are subject

to nunerous, possibly large, errors. Many of the different
categories of expenditures, the E;, are estimated incorrectly, as
are the weights placed on the categories. The fact that several

categories are omtted form the final estimate of expenditures by
di sease mght be taken to inplythatthe estinmates as a whole are
conservative |ower bounds. It is true that the estimates wll
sum to |less than a true estimate of total expenditures..
However, this does not inply anything about how the individual EJ

as estimated wll conpare to the ideal true value. It is
i npossible to make any general statenents even about the sign of
the errors, much l|less estimate the nagnitudes. Consi der as an
exanple the estimate of health expenditures created by a chronic
illness, that requires a great deal of routine care, but little
hospitalization or surgery. Expenditures wll be understated,

since such a condition would require relatively |arge non-health
sector costs, such as transportation. On the other hand, since
the care would be routine, the cost of each office visitwoul dbe
overstated by the assunption of constant costs for all office
visits. Considering the presence or absence of nultiple
conditions, Wwhether or not the disease necessitates expenditures
drugs, nursing hone care, and so on further conplicates the the
i ssue. al1 that can be concluded is that the estimate of the
expenditures due to such an illness may be incorrect, but by how
much or in what direction would be difficult to guess.
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2.4.4.2. Esti mates of Foregone Earni ngs

The estimation of foregone earnings due to different
di seases is sonewhat nore straightforward than that of nedical
expenditures. The nethodology of the Paringer and Berk (1977)
study is fairly typical. First, the population is broken down
into four groups losing wages due to illness: 1) currently
enpl oyed individuals; 2) individuals keeping house; 3) non-
institutionalized individuals wunable to work because of ill
health; and 4) the institutional population. Wt hin each group,
detailed information is used to estimate the anount of earnings
foregone, and to allocate these |osses to specific diseases.

A general problem of the foregone earnings estimates is
that, following the human capital approach, the ¢oI studies focus

on output or production lost, be it market, or non-narket
househol d producti on. Thus, the studies attenpt to neasure days
| ost from work, or days lost from house-keeping, as a result of
il ness. Thi s neasurenent does not capture all the costs that an

i ndi vidual would be willing to pay to avoid. As in the nodels
di sucssed above, an individual can be thought of spending his
time working, at leisure, or ill. Uility rmaximzing behavior
inplies that work and leisure wll be traded off wuntil at the
margin leisure time is just as valuable as working tine.
Additional tine spent ill, whether it comes out of leisure tine
or is lost from work, 1is valued at the wage rate by the
individual. -By only 'valuing the tine actually lost from work or
housekeeping, the co1 neasure of foregone earnings inplicitly
values leisure tinme at zero. Conpared to the conceptually
correct neasure, COI estimtes |ike Paringer and Berk's are
i nconpl et e.

There are also problens specific to the estimation of the
foregone earnings of each of the four groups. The estimation of
the foregone earnings due to illness of those currently in the
work force is probably the nost problem free. The Paringer and
Berk study uses unpublished National Center for Health Statistics
(NCHS) data on the nunber of work-loss condition days by age,
sex, and diagnosis for individuals in this group. As the NCHS
data is based on the the National Health Survey, a household
survey, the first set of problens involves the accuracy of these
esti mat es. In their general comments on the quality of data from
the Survey, NCHS cautions that the estimates are based on a
sanple, and not the entire population, so they are subject to
sanpling error, but adds that sanpling errors for nobst of the
estimates are small (see Mdtal .and -Health _StAatistics, various
I Ssues). . Anot her problem is that the results of the Survey
depend, of course, on how the respondents report their health
st at us. Wiile the National Health Survey is undoubtedly well-
designed, this type of problem is to sone extent inpossible to
el imnate. Cooper and Rice (1976) conclude that the use of
Survey data in estimating foregone earnings due to norbidity
"undoubtedly results in conservative estimates for sone diseases
and overstatements for others," Dbecause of incorrect
identification of the conditions actually present in the
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respondents.

A second set of problens encountered in the estimates of the
foregone earnings of the currently enployed is that it is the
nunber of "condition days" that is reported. A condition day of
work-loss is a day of work |oss associated with a certain
condition, so if an individual reports that he mssed a day for
two conditions, this would be reported as two condition days of
wor k- | oss. In general, the sum of condition days of work-I|oss
may exceed the total nunber of person days of work-loss. To
avoi d double counting of work-loss days, Paringer and Berk scale
down all work-loss condition days by a constant, so the sum of
adj usted work-loss condition days equals the total of person days
of wor k-1 oss. As they note, "this procedure may create a bias in
the estimates of norbidity costs by disease class, since certain
classes are nore likely to be primary causes of work-1o0ss or bed-
disability than others." (Paringer and Berk, 1977, p. 9).

A final source of error in the esimation of the foregone
earnings of the currently enployed is the specificity of the data
used. Wiile the data is age- and sex- specific, the Institute of
Medicine (1981, p 91) argues that even nore specific data would

be desireable. Consider their exanple that the better educated,
who generally have higher earnings, may be healthier than the
| ess wel | educat ed, and less likely to fall ill from an
exogeneous threat such as pollution. Failure to control for
education wll result in an overstatenent of the foregone
earnings due to an increase in illness, since the poorly educated
wth below average earnings for their age/race/sex group wll be
affected disproportionately. Vari abl es other than education may

also be inportant, so additional bias my be present in the
estimates of the earnings |lost by those currently enployed.

~The estimation of the "foregone earnings" of individuals
keeping house is less precise than the estimation for the

currently enpl oyed. The Paringer and Berk study uses unpublished
NCHS data on the nunber of bed-disability condition days for
wonren keeping house, by age groups. Again, problens may be
encountered because of the possible inaccuracies of the Survey
dat a. In addition, the bed-disability condition days are scaled
down, so the estimates may be biased as wth the work-Iloss
condition days discussed above. Finally, the sanme biases may

result because education and other possibly inportant variables
are not controlled for.

There are further problens wth the estimates of the value
of housekeepi ng services. First, the procedure used to value
t hese services is questionable. The val ues are based on what the
Institute of Medicine (1981, p. 91) describes as a "relatively
smal |l outdated sanple." In addition, tinme spent housekeeping is
val ued according to the wage rates of workers in the marketplace
perform ng simlar services. What is relevant to the individual
keeping house, however, is the wage rate she is giving up by
staying out of the market. The |1 OM suggests that this mght be
esti mated "based on the earnings of working wonmen with simlar
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characteristics as housew ves". Finally, the value of'tine spent
by all individuals keeping house, not just wonen, should be
esti mat ed. Wile Paringer and Berk (pp. 11-12) nmake a strong
case that this should be done, they only estimate the value of
men's housekeepi ng services (or household production in general)
for the case-of nortality. Estimates of the loss of household
production due to norbidity are limted to estinmates of wonen's
| oss.

There is less to say about the estimation of the foregone
earnings of those wunable to work because of illness and the
institutional population. The key assunption nmade is that these
groups would have had the sanme work and housekeepi ng experiences
as the currently enployed, controlling for sex and age. Wet her
this is a good approximation is not clear, but it is also not
clear if any better assunption could be nade. This assunption
does inply that any biases in the estimation of the foregone
earnings of the currently enployed and of those keeping house
wWll aslo exist in the estimates of the foregone earnings of
those unable to work and the institutional population.

A recent study by Salkever (1985) includes several
met hodol ogi cal refinenents in the estination of foregone earnings
due to norbidity and so avoids sone of the problens outlined
above. Salkever develops estimates for foregone earnings for
non-institutionalized nales age 17 to 64 by conbining data from
the Health Interview Survey (H'S) and the 1976 Survey of Incone
and Education (SIE). To conpute the earnings loss for each work
loss day reported in the H'S a synthetic estinmate of the
respondent's hourly wage was conputed. This entailed inserting
data on the respondent's personal character-istics fromthe HS
into an hourly wage regression estimated with SIE data. The
i ndependent variables included neasures of the individual's
educati on, presence or absence of a chronic condition, region and
urban or rural character of residence, industry where person was
empl oyed and average earnings for the occupation in which the
person was enpl oyed. Usi ng such specific data on the individuals
who suffer work loss days inplies that Sal kever's estimtes of
foregone earnings are much less likely to suffer the bias
problenms the Institute of Medicine described. To return to the
| OM exanpl e, since education differences are controlled for in
Sal kever's estimates, foregone earnings wll not be- overstated
even if the better educated earn nore and are less likely to be
sick, as the | OM suggests.

Salkever also estimates the earnings |osses for persons

unable to work because of illness. As In earlier studies, he
assunmes these persons |ose incone equal to the earnings of
similar individuals without chronic health problems.
Specifically, these foregone earnings were conputed as the
average earnings by persons in the SIE data, Wi thout chronic
health problens, classified by age group, education |evel, race
and region of residence. Just as for valuing work 1oss days,
using nore specific data on the individuals wunable to work
because of illness neans that Salkever's estimates are |ess
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likely to be biased.

Sal kever's estimates of foregone earnings due to norbidity
represent inportant inprovenents in nethodol ogy, which should be
relfected in inproved accuracy. However, since Salkever only
devel ops estimates for nmales age 17 to 64 for certain conditions
his estimates are not directly comparable to the nore
conprehensive estinmates of earlier studies reported bel ow As a
result, it is difficult to judge the enpirical inportance of
either Sal kever's refinenments or the inaccuracies inplied by the
earlier nethodol ogy.

In conclusion, the estimation of the foregone earnings due
to illness may be straightforward, but the estimates still are

not necessarily very close to the ideal true val ues. Most of the

errors tend to understate foregone earnings due to norbidity, so
in this case, wunlike the health expenditures estimtes, the
exi sting estimates can be considered as conservative |ower bounds
to the true val ues.

2.4.5. Enpirical Estimates of the Cost of |llness

In this section, estimtes of nedical expenditures and
foregone earnings due to illness are presented, to be used as a
measure of the value of inproved norbidity risks. Parti cul ar
enphasis is placed on the cost of illness estimates for diseases
and disease categories that mght be related to environnental
quality. In section 2.4.5.1, sone estimtes from existing COI

studies of the total mnedical expenditures and foregone earnings
to morbidity related to different disease categories are

present ed. In section 2.4.5.2, these estinmates are put on a per
case basis, and additional per case estimates are presented. In
section 2.4.5.3, for ~certain conditions, the costs are also
expressed on a per day of illness basis.

2.4.5.1. Total Medical Expenditures and Foregone Earnings
Due to Morbidity

Reported in Table 2-4 are total figures for nedical
expenditures and foregone earnings due to norbidity caused by
various diseases or disease groups. The totals have all been
updated to August 1984 dollars, using the nedical care conponent
of the CPI to adjust the nedical expenditures, and the general
CPl to adjust foregone earnings. It is recognized that this
procedure may introduce errors in the estinmates, due to relative
price changes in health care services and relative wage changes
for different age/sex/race groups.

In addition to the conprehensive estimates of the cost of

all illnesses of the Paringer and Berk and the Hodgson and
Kopstein studies, Table 2-4 also reports the results of studies
that estimate the costs of a specific illness or group of
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il nesses. These studies are useful in two ways. First, the
expenditures and earnings lost. due to a specific illness (e.qg.
enphysema) can be found. Compr ehensi ve studies only provide
estimates relating to nmore general categories (e.g., all
respiratory di seases). Second, the specific illness studies may
enploy a different nethodol ogy. This is particularly relevant

for the estinmates of health expenditures. Wile sone studies use
the sane nethods and data sources as the conprehensive studies,
others estimate expenditures based on nore disaggregated data,

such as the observation of actual cases. For a review of the
nmet hodol ogy and quality of over 200 studies that estimate the
costs of illness, see Hu and Sandifer (1981). Briefly, the

studies by the National Heart and Lung Institute (NHLI (1972,
1975)) and the Acton (1975) study follow essentially the sane
nmet hodol ogy as the Paringer and Berk (1975) and the Hodgson and
Kopstein (1984) studies, as reviewed above in Section 2.4.4. The
study by Freeman, et al., (1975) represents a slightly different
met hodol ogy (and it is thus notable the close correspondence of
the Freeman estimates and the NHLI (1972) estimates of the cost
of enphysem). The Hartunian, et al., (1980) follows a
met hodol ogy followin4 an incidence-based approach to nmeasuring
nmedi cal expenditures.

It is difficult to make many general statenents concerning
the range of estimates presented in Table 2-4. It is clear that
the estimates from the Paringer and Berk and the Hodgson and
Kopstein studies are nuch higher than conparable estimates from
ot her studi es. This seens to be part of a general trend that the
nore recent estinmates are higher than estinates based on an

earlier tinme period and scaled up for inflation. Two influences
seem i nportant. First, the use of the nedical care conponent of
the CPI and the general CPI in adjusting for inflation my
sonehow be biasing the earlier estimtes downward. Second, the
nore recent studies may be a nore conplete accounting of costs,
reflecting inprovenents in nethodology and data sources. For

instance, nore expenditures are allocated by disease in the nore
recent studies, and nore allowance is made for household
production in the estimation of foregone earnings. For these
reasons, .it is likely that the nore recent estinates are nore
accurate, and whenever possible that nost recent study should be
used to provide estimates for use in benefit cost analysis.
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TABLE 2-4: TOTAL MEDI CAL EXPENDI TURES AND FOREGONE EARNI NGS
DUE TO SELECTED | LLNESSES

(in mllion §, August 1984)

D sease
Cat egory

Medi cal For egone
Expendi t ur es Ear ni ngs

Al diseases

Hodgson and
Kopstei n (1984)

Paringer and
Berk (1977)

Infective and
Parisitic DLseases

Hodgson and
Kopstein (1984)

Paringer and
Berk (1977)

Neoplasms (cancer)

Hodgson and
Kopstei n (1984)

Paringer and
Berk (1977)

Hartuni an, et al.
(1980)

Diseases of the Grculatory

System
AL
Hodgson and
Kopstein (1984)
Paringer and
Berk (1977)

Acton (1975)

315, 058
112, 319

6, 459
3.024

19, 563

2,144

14,522

47, 652
16, 963

14, 557 10, 557
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TABLE 2-4 (conti nued)

Di sease Medi cal For egone
Cat egory Expendi t ur es Ear ni ngs

Cer ebreovascul ar

Hodgson and 7,324
Kopstein (1984)
Paringer and 685
Berk (1977)
Hartuni an, et al. 5, 364
(1980)
Acton (1975) 2,201 1,132
NHLI (1975) 3,789 735

Coronary _Heart Disease

Hartuni an, et al. 5,642

(1980)
Acton (1975) 5,871 5,416
NHLI (1975) 7,912 1, 157

Respiratory Diseases
ALL
Hodgson and 24, 850
Kopstein (1984)
Paringer and 16, 572
Berk (1977)

NHLI (1972) 6, 385 4,284

Enphysena
NHLI (1972) 652 1,414

Freeman, et al. 579 3, 610
(1976)
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2.4.5.2 .Per Case Estimates of Medical Expenditures and Foregone
Earnings Due to Mrbidity

Table 2-5 reports per case estimtes of medical

expenditures are foregone earnings due to various illnesses. The
estimates are based on the same sources as the totals of Table 2-
4, In addition, independent per case estimates by Scitovsky and

McCall (1976) and Acton (1975) are presented. Al estimates are
updated to August 1984 dollars (See Notes to Table 2-6 for
details).

In putting the total figures on a per case basis, the basic
procedure is sinmply to divide the total cost figure for ayearby
the appropriate nunber of cases of that illness in that year.
The proper neasurenent of the appropriate nunber of cases is not
sinmple, however. In defining what constitutes a "case" of an
illness, the specific use of the per case estinmates in benefit
cost analysis nust be considered. For instance, it mght be
known from epidemologic or health econonetric studies that a
reduction in pollution will reduce the nunber of serious cases of
a particular disease, i.e. only those cases that involve nedical
expenditures and foregone earnings. In this situation, in
preparing per case estimates it would thus be desirable to define
a case as only a case of the disease that does involve nedical
expenditures and foregone earnings. Instead, it night be known
only that the reduction in pollution will reduce the nunber of
cases of a particular disease, wthout specifying if the cases
are serious or not. Under these circunstances, a nore general
definition of case is desirable, allowing for cases involving
varying amounts of nedical expenditures and foregone earnings to
be incl uded. Essentially, the per case estimates of nedical
expenditures and foregone earnings represent the average cost of
a case of disease, but what population over which to average is
somewhat  anbi guous. The per case estinmates of Table 2-5 are
prepared using a broad definition of the nunber of cases, so the
average nedical expenditures and foregone earnings due to a case
of illness are conservative estimates.

The source of the data for the number of cases of acute and
chronic illnesses (except neoplasms) is the National Health
Survey, as reported by the National Center for Health. Statistics
(NCHS) in wvarious issues of __.Vital._.and-.Health..Statistics As

described above, the estimates from the survey are subject to
possi bl e inaccuracies. Esti mates of the nunber of cases of the

di f f erent illnesses may understate the actual nunber of cases,
in general. For acute cases, the estinmates exclude all conditons
involving neither restricted activity nor nmedical attention. For

chronic cases, data is available on the degree of inpact the
illness had, so the nunber of cases could be adjusted downward so

that only nore severe cases are counted. However, the fact that
chronic illnesses are generally wunder-reported in surveys, and
the likely use of' the per case estimates in benefit cost analysis
of changes in all types of cases of illness argue forthebroader

measure of chronic cases to be used.
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An additional problem encountered in estimating the nunber
of cases of chronic illnesses is encountered in that the
preval ence of chronic conditions is not estimated for every year.
The prevalence estimtes used in preparing Table 2-5 gare
estimates from the survey for the closest year to the year used
as a base for the different studies that report total nedical
expendi tures and foregone earnings due to norbidity.

Estimating the nunber of cases of neoplasns (cancer)
presents several special problens. Three different neasurenents
are possible candidates. First, the incidence of cancer, that
is, the nunber of new cases of cancer diagnosed in a given year,
coul d be used, Second, the nunber of individuals under nedical
care for cancer is a possible neasure of the nunber of cases of
cancer existing in a given year. Third, by conbining incidence
and survival data, it is possible to estimte the nunber of
people alive in a given year with a history of cancer. The
i nci dence neasurenent is an understatement of the nunber of cases
of cancer, since in any given year there will be individuals with
cancer that was incurred and diagnosed in an earlier year. The
nunmber of people alive with a history of cancer is an
overstatement, because it includes individuals who for all
practical purposes have been totally cured of cancer. So the
figure used in preparing Table 2-5 s the nunber of individuals
under nedical care for cancer, for 1974 (Cancer Facts and
Figures, 1974), though the nmeasure is not exactly conparable to
the broader definitions of cases used for other illnesses. Added
to this figure is an estimate of the preval ence of neoplasns of
the skin, from NCHS estinates. It should be pointed out that
adding neoplasnms of the skin doubles the nunber of cases of
cancer, and biases the per case estinmates of the nedical
expendi tures and foregone earnings due to cancer downwards, since
neopl asms of the skin are likely to involve |ower nedical
expenditures and foregone earnings than other cancers. This is
an exanple of the inaccuracies involved in using estimtes of the
costs of broad groups of illness, such as cancer, as opposed to
an estimate of the cost due to a nore specific illness, such as a
particular type of cancer.

The basic procedure for deriving per case estimates
described above is not applied to the totals from the study by
Hartunian et al.(1981). This study follows an incidence based
approach to estimating the costs of illness, while the other
studies cited follow a preval ence based approach. A probl em of
conparability results. On an aggregate basis, incidence based
estimates and preval ence based estimates may be approximately the

same; in fact, Hartunian et al.(1980) find relatively snall
differences between the two approaches for sone conditions.
However, putting the preval ence based estimtes on a per case
basis yields estimates of the average yearly costs of a case of
illness. In contrast, expressing Incidence based estinates on
this same basis would yield estimates of the average lifetine
costs of a case of illness. A second problem is that expressing
the total incidence based estimates of costs would entail
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dividing total <costs by the incidence of the different
conditioni, and estimates of incidence are limted in scope and
accuracy.

The per case estimates due to Hartunian et al. reported in
Table 2-5 are estimates of the average first year costs of

several conditions. The estimates are derived from the details
given of the calculation of the total costs in Hartunian etal.
(1981, various chapters). Since detailed descriptions of the

calcul ations were only given for selected conditions to be
illustrative of the nethodology, the nunber of conditions for
which first year costs can be estimated is |limted.

In addition to the per case estinmates derived from studies
estimating total nedical expenditures and foregone earnings,
Table 2-5 includes per case estimates from two independent
sour ces. Sci tovsky and MCall (1976, as cited in Mushkin (1979))
report average nedical expenditures due to several conditions,
based on the cost of care in the Palo Alto Medical dinic in

1971 actually incurred by patients. Estimates of per case
medi cal expenditures and foregone earnings derived from Acton
(1975, tables 7 and 9) are also presented. In what is described
as an illustrative exercise, Acton puts his total estimtes of

the costs of various diseases of the circulatory system on a per
case basis using a procedure simlar to that described above.
The inportant difference is that Acton attenpts to estimate the
medi cal expenses and foregone earnings of an average person
actively suffering the consequences of a disease. That is, Acton
uses a narrower definition of a "case" of a disease than is used
in the preparation of the other per case estimates of Table 2-5.

Wile Table 2-5 my seem to include a very w de range of
estimates, considering truly conparable diseases shows sone
agreenent between the studies. The |owest estimates of nedica
expenditures and foregone earnings per case are for al
respiratory diseases ($87 and $56, respectively), and for al
infective and parasitic diseases ($123 and $63). However, the
per case figures for all respiratory diseases are influenced by
the very Jlarge nunber of cases of upper respiratory tract
infections that presumably involve relatively |ow nedical
expendi tures and foregone earnings. The estimates of the nedica
expenditures and foregone earnings due to a nore serious
respiratory disease such as enphysema are substantially higher
($497 and $1,078 from NHLI, or $441 and $2,753 from Freeman,
et al.). A simlar result holds when conparing the cost of cases
of diseases of the circulatory system The per case estimtes
for all diseases of the circulatory system are nmuch smaller than
the per case estimates for specific, Mmore serious diseases, such
as cerebreovascul ar di sease (stroke), coronary heart disease, and

myocardi al infarction. The different estimates for these
specific diseases show nore agreenent between studies, but there
is still a fairly wde range. For instance, Acton estimates the
medi cal expenditures due to a stroke as $1,561, while the per
case estinmate based on Hodgson and Kopstein is $4,210. As noted

above, Acton uses a lower estimate of the nunber of cases in
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expressing his results on a per case baiss, which inplies that if
the Acton and the Hodgson and Kopstein estinates were conputed in
exactly the sane manner, the difference would be even greater.
This difference in the nedical expenditures due to a case of
stroke is the nost extrenme difference found in Table 2-5 for a
specific disease; in general the per case estimtes based on
different studies' estinmates of the nedical expenditures and

foregone earnings for a specific illness are much closer
t oget her.
To sumup, in using the per case estimates of Table 2-5 in

benefit cost analysis, two considerations should be kept in m nd.
First, just as for the estimates of the totals in Table 2-4, t he
per case estimates in Table 2-5 based on the nobst recent studies
are judged as generally superior in quality. Second, t he
estimates of the costs of a specific disease should be used
rather than the estimates of the costs of a group of diseases,
whenever possi bl e.
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TABLE 2-5:

(in $, August

1984

PER CASE MEDI CAL EXPENDI TURES AND FOREGONE EARNI NGS

Di sease Category

Medi cal
Expendi t ures
Per Case

For egone
Ear ni ni ngs
Per Case

Infective and
Parasitic Diseases
Hodgson and

Kopstein (1984)
Paringer and
Berk (1977)

AL L
Hodgson and
Kopstein (1984)
Paringer and
Berk (1977)

Lung Cancer

Hart uni an, et al.
(1981)

Cancer of the Breast

Sci t ovsky and
McCal |~ (1976)

D seases of the
Circulatory System

Al L
Hodgson and
Kopstein (1984)
Paringer and
Berk (1977)

Crf gbr eovascul.ar.

Hodgson and
Kopstein (1984)

Paringer and
Berk (1977)

NHLI (1975)

Acton (1975)

123

8, 780

15, 687

7, 605

773

4,210

3,708
1, 561
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TABLE 2-5

(conti nued)

Medi cal For egone
Expendi t ures Ear ni ni ngs
D sease Category Per Case Per Case
Coronary _Heart Disease
NHLI (1975) 2,393 350
Acton (1975) 1, 406 1,297
Angi.na Pectotis
Hartuni an, et al. 246 0
(1980)
Myocardial
Infarction
Sci tovsky and 11, 242
McCal | (1976)
Respiratory Diseases
AL
Hodgson and 87
Kopstein (1984)
Paringer and 56
Berk (1977)
NHLI (1967) 25 17
Emphysena
NHLI (1967) 497 1,078
Freeman, et al. 441 2,753
(1976)
Pneunoni a

(non-hospital care)

Sci t ovsky and 253
McCal |~ (1976)
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TABLE 2-6: PART 1
PER CASE MEDI CAL EXPENDI TURES
(background for Table 2-5)

Total Costs Nunmber of Per Case Per Case
(in mil- Cases costs costs
Di sease Category l'i ons) (in thou- (year (August
and St udy sands) vari es) 1984)
Infective and
Parasitic Diseases
Hodgson and 4,498 52,691 85. 37 123
Kopstein
(1984)
Neoplasms
Hodgson and 13, 623 2,228 6114.5 8, 780
Kopstein
(1984)
Di seases of the
Circulatory System
Al L
Hodgson and 33,184 61, 652 538 773
Kopstein
(1984)
St roke
Hodgson and 5, 100 1,740 2,931 4,210
Kopstein
(1984)
NHLI (1975) 971 1,534 633 3,708
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TABLE 2-6; PART 1 (continued)
Total Costs Nunber Per Case Per Case
(in mil- Cases costs costs
D sease Category l'i ons) (in thou- (year (August
and St udy sands) varies) 1984)
Coronary Heart
Di sease
NHLI (1975) 2,072 3, 307 627 2,393
Repiratary D seases
AL
Hodgson and 17, 305 285, 323 60. 65 87
Kopst ei n
(1984)
NHLI (1967) 1,672 258, 473 6. 47 25
Emphysema
NHLI (1967) 171 1,313 130. 24 497
Fr eeman, 183 1, 313 139.5 441
et al.
(1976)
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TABLE 2-6: PART 2
PER CASE FOREGONE EARNI NGS

Total Costs Nunmber of Per Case
(in mil- Cases costs
D sease Category l'i ons) (in thou- (year
and St udy sands) vari es)
Infective and
Parasitic Diseases
Paringer and 1, 559 48, 206 32.34
Berk (1977)
Neoplasms
Paringer and 1, 105 2,228 496
Berk (1977)
Di seases of the
Circulatory System
Al L
Paringer and 8, 744 61, 652 141. 8
Berk (1977)
St roke
Paringer and 353 1, 740 203
Berk (1977)
NHLI (1975) 421 1,534 274
Coronary _Heart Disease
NHLI (1975) 370 3, 307 112
Respiratory Diseases
Al L
Paringer and 8, 542 285, 323 28.75
Berk (1977)
NHLI (1967) 1, 370 258, 473 5.3

2- 66

Per Case
costs

(August

1984)

63

962

275

394
1,318

350
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Enmphysena

1.

NHLI (1967) 452 1, 313 344. 25 1,078
Fr eeman, 1, 343 1, 313 1, 023 2, 753
et al.
(1976)

Total costs (in mllions) are the original estimtes of the
various studies of the total nedical expenditures and fore-
gone earnings. These estimates are for various years.

Nunber of cases (in thousands) is the sum of the incidence
of acute cases and the preval ence of chronic cases, for the
year closest to the year the studies estinmated that could

be found. Sour ce: Vital and _Health Statistics, various
i ssues.

Per case costs = total costs divided by nunber of cases.

These per case costs are for the years of the original
studi es.

Per case costs (Aug. 1984) are the previous per case costs
expressed in current (Aug. 1984) dollars; nedical expendi-

tures are adjusted wusing the nedical care conponent of
the CPlI; foregone earnings are adjusted using the general CPI.
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2.4.5. 3. Estimates of the Costs of Illness per Day Spent Il

The third colum of Table 2-7 presents estimates of the

costs of various illnesses per day spent ill. These estinmates
are derived by dividing the per case costs devel oped above by the
average nunber of days spent ill per case of illness per year.
In the first colum of Table 2-7 are per case costs of illness

(rmedical expenditures plus foregone earnings) from Table 2-6.
Estimates of the average nunber of Restricted Activity Days
(RADs) are available from the Health Interview Survey for nost
acute conditions and certain chronic conditions. These estimates
are presented in colum two of Table 2-7.

Costs of different illnesses per day spent ill present a
fairly narrow range, from $10 to $81. This reflects the fact
that a great deal of the difference between a minor and a serious
illness is sinply the average nunber of days spent ill: the
nunber of days per condtion varies from about 4 for an average
case of acute infective and parasitic disease or for an acute
respiratory disease, to over 40 days spent ill due to heart
di sease. Anot her possible difference is the degree of disability
on the day spent ill. A Restricted Activity Day is defined as
"one on which a person substantially reduces his normal activity
for the whole day due to an illness or injury" (Vital and Health
Statistics), this can range from reduced activity alone to a day
of work loss to a day of bed disability. The RADs for the nore
serious conditions may reflect a greater restriction of activity
than the RADs for the mnor conditions.

2-68



TABLE 2-7: COSTS OF I LLNESS PER DAY SPENT |LL

(in §, August 1984)

RADs
' costs Per Case costs
D sease Category Per Case Per Year Per RAD
Infective and
Parasitic Diseases
Hodgson and 186 4.06 46
Kopstein (1984)
Paringer and
Berk (1977)
Diseases of the
Crculatory System
Coronary _Heart D sease
NHLI (1975) 2743 43.1 64
Acton (1975) 2703 43.1 63
Respiratory Diseases
AL
Hodgson and 143 4.1 35
Kopstein (1984)
Paringer and
Berk (1977)
NHLI  (1967) 42 4.1 10
Emphysenma
NHLI (1967) 1575 35.8 44
Freeman, et al. 3194 35.8 89
(1976)
Pneunoni a
(non-hospital care)
Sci tovsky and 253 18 14

McCal |~ (1976)
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2.4.6. @uowdlwdbhg Remarks.on the Cost of Il lness _Approach

Section 2.4 is concerned with the problems of valuing
changes in health risks as reduction in health expenditures and

f oregone earnings, i.e., the <cost of illness approach. A
contribution of the present project has been to put aggregate
costs of illness on an individual per case and per day spent ill

basis. Results indicate that a typical case of acute respiratory
di sease involves $87 of nedical expenditures, and $56 of foregone

ear ni ngs. A case of enmphysema involves $441 of nmedical
expendi tures, and $2,753 of foregone earnings. A day spent ill
due to a typical case of acute respiratory illness costs $35,
while a day spent ill due to enphysema inplies costs of $89.

Estimates of this kind on an individual basis needed to evaluate
environnmental policy changes have not been avail abl e heretofore.

The cost of illness approach is an inportant source of
estimates for the value of health, because it is commonly
accepted by many researchers in the health care fields, and it
provi des estimates for the value of a wde range of health
effects. Therefore, section 2.4 includes a careful evaluation
of the approach to assess its useful ness and accuracy.

This evaluation reveals that the approach suffers from

conceptual and nethodol ogical shortcom ngs, which limt its
usef ul ness. One set of issues essentially raises the problem
that the cost of illness benefit neasure is not well-related to
the conceptually correct wllingness to pay neasure. The
di scussion of this problem (section 2.4.2) suggests that a cost
of illness measure may be a lower bound to a wllingness to pay
neasur e. It is not necessarily a good approximation to the
willingness to pay measure, however . In addition, the
distinction between individual and societal wllingness to pay
has -been treated unevenly in the cost of illness approach, and

deserves further consideration

The review of the methodology of the cost of illness
approach in section 2.4.4 leads to the conclusion that the
estimates of nedical expenditures and foregone earnings due to
norbidity are not particularly precise or reliable. This is
especially significant since it is the presuned practica
advantages of calculating nedical expenditures and foregone

earnings, instead of calculating wllingness to pay, that is
often the stated reason for preferring the cost of illness
appr oach.

2.2.10. Foat.notes

1. The Paringer and Berk (1977) study is cited by Mushkin
(1979), and is part of a series of estimates of the cost of
illness for the years 1900, 1930, 1975, and projected for
the year 2000, prepared at Georgetown University Public
Servi ces Laboratory.
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All details of the nethodology of Hodgson and Kopstein
(1984) study are not described in the published article.
They state that their "nethodology follows closely that
originally devised by Cooper and R ce (1976) to allocate
expendi tures anong diagnoses, anended to include several
addi ti onal sources of data.”" M discussion and criticism of
the quality of the estimation of health care expenditures is
based on the Cooper and Rice nethodology, so nost of it
should apply to the Hodgson and Kopstein study. Si nce
Hodgson and Kopstein do use new sources of data, it is
expected that their estimates will be superior to earlier
estimates, and sonme of the criticisns below may not apply.

As explained earlier, the Paringer and Berk and Hodgson and
Kopstein studies are used because they represent the nost
recent estimates of foregone earnings and medical

expenditures due to illness that could be found.

The Hartunian et al. study reports foregone earnings due to
norbidity and nortality conbined, so the foregone earnings
due to norbidity alone could not be derived easily. For

this reason, only the estimates of nedical expenditures from
this study are reported in Table 2-4.

For a nore conplete discussion of the difference between

preval ence based and incidence based estimates of the cost
of illness, a report is avail able upon request.
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2.5: CONTI NGENT VALUATION OF HEALTH

2.5.1. Introduction

One approach to valuing a non-marketgoodis to conduct a
survey and ask people what they wuld pay for the good,
hypothetically assumng (contingent wupon) the existence of a
market for the good. This approach is terned the contingent
valuation nethod (CVvM, and has been applied to a variety of
environmental goods, including air quality and health. The
purpose of this section is to review the applications of the CVM
to the problem of valuing health. Since the goal is to find
useful enpirical evidence, discussion of both nethodol ogical
i ssues and of actual results is required.

Section 2.5.2 is a brief overview and assessnent of the
contingent valuation nethod, drawing heavily upon the recent

review by Cumm ngs, et.al. Section 2.5.3 <concerns the
application of contingent valuation to health. It critiques
three studies that apply the nethod to health effects possibly
related to air pollution: Loehman, et al. (1979), Rowe and
Chestnut (1984) and Tolley et al. (1985 Volune 3 of this
report). Section 2.5.4 is a conclusion and summary of the

enpirical results, wth enphasis on explaining the differences
bet ween the studies.

2.5.2. Overview and Assessnent of Contingent Valuatpn

Contingent valuation is an established, though still
controversial, research nethod for valuing non-market goods.
Since it is a fairly flexible approach providing a conceptually
correct and conplete neasure of wllingness to pay, it has been
applied to a wide variety of non-narket goods, especially in the
area of environnental econom cs. Studi es have al so conpared the
results to indirect market nethods for valuing such goods. Many
net hodol ogi cal issues concerning the CVM have been addressed as
wel | . Reviews of the literature exist elsewhere, notable is the
review by Cunmngs, et al. (forthcom ng). In addition, Volune 3
of this report addresses nmethodol ogical problens from the
practi cal perspective of designing a surve i nstrunment for
contingent valuation of health. Therefore, the discussion that
follows of some of the inportant issues in CYM is quite brief.
The focus is on the accuracythatcan be expected for values from
contingent valuation studies.

2.5.2.1. Biases and Contingent Valuation

The basic reason contingent valuation results may be

inaccurate is the possibility that the responses are biased away
from the unobservable true maximum willingness to pay (or

accept). Types of bias often nentioned include hypothetical
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bias, strategic bias, starting point bias, vehicle bias, and
informati on bi as, t hough these categories can overl ap.

Hypot hetical bias and strategic bias can be understood as a
dilemma for contingent val uation. On the one hand, if a
respondent be-lieves the questions to be entirely hypothetical, he
has little incentive to give accurate information concerning his
maxi mum wi | | i ngness to pay. On the other hand, if the respondent
sees the exercise as playing an inportant role in future policy-
maki ng and not hypothetical, he my have incentives to
strategically msrepresent his val ues.

Ot her biases stem from the structure of the CV
guestionnaire. If a bidding process is used that begins by
asking whether the respondent is willing to pay a certain anount,
respondents may view this figure as appropriate and so bids would

be biased- towards the starting point. Anot her problem is the
vehicle by which the contingent paynent is nade. If it is
suggested that the paynment wll occur through a concrete vehicle

such as an increase in taxes, respondents who dislike taxes may
under-report their values, or protest the exercise by giving zero
bi ds. Finally, the values reported by respondents in a CV
experiment may be sensitive to the information provided them
during the questioning, and even the order of questions asked nmay
be inportant.

Various studies shed light on the inportance of the possible
bi ases the CYM may be subject to. The fundanental problem that
contingent valuation is hypothetical has been investigated by
conducting experinments that include both hypothetical paynents

and actual cash paynents. Bi shop and Heberlein conducted

surveys of hunters who had received free early season goose
hunting permts. For actual cash paynents, the nean wllingness
to sell was $63, while for hypothetical paynments the nean
willingness to sell was $101. Carson and Mtchell dispute

this finding: in a re-analysis of Bishop and Heberlein's data
they find no statistically significant difference between the
hypot hetical and actual val ues. However, Bishop and Heberlein

defend their original nethodol ogy, and present prelimnary
results from a new survey that supports the finding that
hypot hetical bias exists. For a discussion of this debate, see
Bi shop and Heberlein in Cummngs, et al. (forthcomng), and the
Appendi x to Cummi ngs et al. by Carson and Mtchell.

O her sources of bias can also be nore or less directly
tested, by varying the starting point, payment vehicle, or
information given, or by changing the incentives for strategic
behavi or. Results to date are sonewhat inconclusive, though
Cunmings et al. tend to mnimze the inportance of strategic bias
and starting point bias, while noting that paynent vehicle and
information may be nore inportant sources of bias. No strong
consensus seens to have been reached in this area, and in
particular a nunber of researchers believe starting point bias
may be quite significant. For a discussion of the various
studies' results that relate to these biases, see Cunmngs et al.
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(forthcom ng, Chapter III).

In short, existing reviews of the CVM suggest that bias
problenms are not insurnmountable, and that careful design of the
survey can mnimze them in many cases. This points to the need
tOo carefully consider the design of the survey that produces any
contingent valuation results. O particular concern are the
tradeoffs faced in survey design. For instance, it may be
possible to reduce hypothetical bias by using nobre concrete
payment and delivery vehicles, but only at the cost of increasing
the chances of strategic behavior. The tradeoffs chosen in

designing a particular survey need to be explicitly recognized
and di scussed.

2.5.2.2. Accuracy of Contingent Valuation

Aside from issues of bias, the basic question renmains,

however: in a properly designed contingent valuation study, how
accurate are the values reported? |In a sense, the question is
unanswer able, since the true values are unobservable. Sever al

types of evidence can suggest a range of accuracy.

First, as Tolley, Randall, et al. (p.63) point. out,
studies have found that contingent values are systematically
related to income, availability of substitute goods, and other
variables that economic theory suggests should be inportant.
This inplies that the contingent narket is to sone extent simlar
to an actual market and that the values reported are not random
but are reasonable subjects for econom c analysis.

Second, a nunber of studies have conpared the CVWM to
alternative indirect market methods of valuing non-narket goods.
Cummings et al. review these studies and stress that the results
can not establish the accuracy of the CVM But: "Assum ng that,
within the range of plus or mnus 50s%, value estinmates derived
from indirect market nmethods include ‘'true' valuations by
i ndi viduals, these results suggest that CVM values nmay yield
"accurate' estimates of value in cases where individuals have had
some opportunity to mmke actual previous choices over that
commodity in a market framework."

Based on their conprehensive review of the methodol ogy and
practice of contingent valuation, Cumm ngs et al. suggest a range
of accuracy for carefully designed contingent valuation studies.
(These suggestions are linked to a set of Reference Qperating
Conditions that the study nust neet for the accuracy range to

apply.) At the least, "the nethod produces order .of _magnitude
estimates --but we think one can argue that error ranges are much
smal ler." (p.279) At the best, "one mght tentatively conclude
that, given the current state of the arts, the C/Mis not likely
to be nore accurate than plus or mnus 50 percentofthe neasured
valued." (p.123) This plus or mnus 50 percent range is a
suggested reference accuracy, and though it is a somewhat

arbitrary figure it does seem reasonabl e.

2-78



2.5.3.1. I ntroducti on

This section critiques three studies that wuse the
contingent valuation nmethod to value health synptons related to
air pollution. The first study by Loehman et al. (1979) val ues

synptons linked to air pollution using a mail questionnaire of
the general public. The second study reviewed is Rowe and
Chestnut (1984). This study values a reduction in asthm
synptoms, using personal interviews of a group of individuals

suffering asthna. The third study is the contingent valuation
experinment described in Volunme 3 of this report (Tolley, et al.
(1985)). This study includes four separate surveys val uing
different types and quantities of air pollution related synptons,
usi ng personal interviews of the general public.

2.5.3. 2. Scope of the Review

At the outset, the limted scope of this section shouldbe

expl ai ned. In Iine with the overall purpose of Volune 2, the
focus is on enpirical estimtes of the value of health. As a
result, no attenpt is made to report and review all of the
findings of the studies in question. In particular, for our

pur poses the values of health are best summarized by a sinple
statistic such as a nean value for the sanple. Q her statistical

analysis, including the estimation of bid functions based on the
contingent valuation responses, are not reviewed, though they are
inportant parts of these studies. In addition, questions of

met hodol ogy and survey design are only addressed in the context
of evaluating the useful ness and accuracy of the value estimates
pr oduced.

A second limtation in the scope of this review is that
several studies that use the contingent valuation nethod to val ue
changes in_air quality, including the health effects, are not
consi dered 1 These studies do not yield usable values of health
for various reasons. In two of them (Brookshire, et al. (1979),
and Loehman et al. (1981)), respondents were asked separately
about their values for the visibility and health effects of air
pollution, but it is not clear if people can neaningfully dis-
entangle these effects. The values of health alone may be
overstated, reflecting part of the value of wvisibility, or
understated if part of the value of health is included in the
reported value of visibility.

A third study by Schulze et al. (1983) concentrates on
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health effects of ozone, so it may not share the above problem
It does share with the two studies previously nentioned another
problem of the definition of the product purchased in the
conti ngent market. In all three studies respondents were
provided with descriptions of the health effects likely to result
from air pollution levels, and then asked for their values for a

change in pollution |evels. The descriptions are of the general
form for a given level of pollution, sone people (or a certain
percentage of people) experience these effects. Such a

description has mltiple interpretations. A respondent could
identify the general population risk as his individual risk. So
if he is told that 50% of people will experience a synptom he
views this as a 50% chance he wll experience the synptom

Another interpretation is that the information provided helps
remind the respondent of his experiences with air pollution. In
this case, the respondent wll bid for a change based on his
prior subjective probability estinmates of experiencing a synptom
given varying levels of pollution. O, he may adjust his prior

beliefs on the basis of the information given. In either case,
the comodity the respondent is valuing is a change in risks
(probabilities of synmptonms) that s wunobservable to the

r esear cher.

These different interpretations of the effects of the
information provided nean that it is not clear if all respondents
were valuing the sane good in these studies. More to the point
for the purposes of this section, it neans that values of health
can not be inferred from these studies. To do so would require
numerous arbitrary assunptions concerning what we think the
respondents were thinking when they answered the questions.

2.5.3.3. Loehman, et al. (1979)
St udy Design

The study by Loehman et al. (1979) concerns the benefits
of controlling sulfur oxides in Florida. A nmail contingent
val uation survey was sent to 1,977 residents in that Tanpa Bay
area, resulting in 432 returns. WIllingness to pay questions
were asked about the following three groups of synptons:
shortness of breath/chest pains; coughing/sneezing; head
congestion/eye/ear/throat irritations. Values were elicited for
m nor and severe synptom days, which were defined briefly.
Respondents were asked to value one day, seven days, and ninety
days of relief. No mention was nade of any specific underlying
di sease, nor were causes such as air pollution nentioned. No
specific delivery vehicle, such as a pill, was enployed, and a
sinple, abstract paynent vehicle--"tell us how nmuch you would
pay"--was chosen. The neans of paynent was a checklist, or
paynment card, ranging from $0 to $1000 per year in ten
i ncrements.

The Loehman et al. study design is simlar to our seven
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synptom survey described in Volune 3. In both cases a pure

health attribute approach was used. The Loehman et al. study
carefully avoided the introduction of redundant information in
its introductory letter, its synptom narrative and in its

delivery and paynent vehicles. One difference between the design
of the Tolley et al. (1985) survey and the Loehnman et al survey
is the large nunber (24) of simlar willingness to pay questions
on the latter survey. The Tolley et al. surveys enployed fewer
questions on any survey instrument in order to avoid taxing the
respondents' concentration and the extent of their information

and preference review This problem mght account for the
relatively low return rate (22 per cent) encountered by Loehman
et al. It also could inply a reduction in the accuracy of their

estimates of the value of health.

The major difference between Loehrman et al. and the other
two contingent valuation studies reviewed below is that the
Loehman et al study used a mail questionnaire. The advantage to
using this approach is that the |ower cost per survey conpleted
allows a larger sanple size. There are several disadvantages.
An obvious question is whether the respondents are representative
of the general population. Loehman et al. test for this, and
find that the sanple seens to be nobre or |ess representative, at
least in terns of standard denographic characteristics.

Anot her problem with using a mail survey is that in a
contingent valuation experinment there will be sonme protestors, or
people who either refuse to participate in the contingent market
or do not understand the nature of the exercise. In a personal
interview, followup questions and interviewer coments can help
identify respondents who are protestors. A nmmil questionnaire
gives no indication of the identity of protestors, except for the
bi ds thensel ves. Loehman et al. note the presence of bids from
respondents who gave values of $1000 (the highest anount on the
payment card). These bids were statistically outlyers, and the
respondents exhibited intransitivity of preferences. It seens
reasonable that these respondents were protestors. However, it
is also possible that these individuals sinply had high values
for health. The limted information from a mail questionnaire
nmeans this problemis difficult to resolve.

A final disadvantage of wusing a nmmil questionnaire is

that it requires the use of a paynent card. Such a card lists
the possible anounts of people might be willing to pay, and the
respondents choose anong the different anounts. Designing a card

that covers a wide range of low to high values and allows snall
but inportant differences between values to be reported is
difficult. In addition, some have questioned whether such a card
elicits maximum willingness to pay responses. Cummings et al.
(forthcomi ng) suggest that if a paynment card is used, it should
be followed with iterative bidding, but this is not feasible in
the context of a mail questionnaire. These problens indicate
that the values from the Loehman et al. study may be inaccurate,
and in particular they nmay be under-estinmates of the maxi num
willingness to pay for health.
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Resul ts

Table 2-8 lists the nedian and nean bids found by
Loehman, et al. Al bids are expressedinterns of 1984 dollars,
to insure conparability with other estimates of the value of
health discussed in this report. The bids were adjusted using

t he Consuner Price Index, and were rounded to the nearest doll ar.

The bids cover a fairly wde range. For one day of
relief, the lowest median bid is $4 for mld coughing/sneezing,
and the highest nedian bid is $18 for severe shortness of
br eat h/ chest pai ns. However, the nmean bids for 1 day of synptons
are often an order of nmagnitude larger, ranging from $42 for nmld
coughi ng/ sneezing to $127 for severe shortness of breath/chest
pai ns. There is generally a smaller difference between nedian
and nmean bids for 7 days of relief and 90 days of relief.

The large difference between nedian and nean bids results
from properties of the distribution of bids. As Loehman et al
describe it, the distribution is clearly not normal, but includes
a large nunber of relatively low bids, with a few bids in the
upper tail of the distribution. These bids were for $1000, the
hi ghest bid possible, and represent the possible protestors
di scussed above. The nmean bids are nuch nore sensitive to these
outlyers than are the nedians, and so the neans are nuch |arger
t han the nedi ans.

In their analysis, Loehnman et al wuse only the nedian
bi ds. One justification for this use is normative. They argue

t hat the nedian is "indicative of mgjority voting since it
indicates the bid which at |east 50% of the population would
agree to pay..." (Loehman et al, 1979, p.232). Though this
majority voting criterion is certainly reasonable, it represents

an alternative to the standard nethodology of applied welfare
econom cs, where prograns are evaluated using the criterion of a

potential Pareto inmprovenment. Using this criterion all
i ndi viduals' values are given equal weight, including the very
hi gh val ues. It is possible that a program that represents a
potential Pareto inprovenent would not be favored by over 50% of
t he popul ati on. Potentially, though, paynents by gainers could
conpensate the |losers by enough that all would favor (or at worst
be indifferent to) the program If this standard of applied
wel fare econonmics is accepted, the correct summary statistic is
the mean, which puts equal weights on all, and not the nedian.
Loehman et al. also justify their use of nedian bids by

noting that the nedian is less likely to be biased due to the
outlyers. V.K Smith explains how this problem could justify use
of median bids even if the potential Pareto Inprovement criterion
is accepted as relevant. If a distribution of individuals' true
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values of health in apopulation is known, the nmean value is the
correct summary statistic as explained above. Applying this
reasoning to a distribution of values resulting from a contingent
valuation experinment 1is not necessarily correct. To do so
requires the assunption that all contingent valuation responses
are judged as equally' ' good estimates of each individual's
wi llingness to pay. Arguments that have been nmade in the
contingent valuation Iliterature for the wuse of the nedian
inmplicitly assume that not all responses to contingent valuation
gquestions are equally good estimtes of each individual's
willingness to pay. In particular, there is a presunption that
very large or very snall responses are nore likely to have |arge
errors associated wth them Since the nean value is nore
affected than the nedian, the nmean would be a |ess robust
estimate of the "average person's" wllingness to pay. In this
case, if outlyers are a problem the nedian bid nmay be preferred.

Accepting the criterion of apotential Pareto inprovenent as
the relevant welfare guideline, the choice of using nedian or
mean values from a contingent valuation study depends upon the
informati onal content assunmed for different responses. Reporting
median bids avoids overstating values due to the effect of very
hi gh bids which nmay be inaccurate in the sense that they are not
a true reflection of wllingness to pay. At the sane time,
legitimately high bids are also given little weight. 1In
addition, though the very high bids may be inaccurate, they
probably do indicate that these individuals are actually wlling
to pay an anount higher than average. Finally, the argunent is
symmetric with respect to | ow bids. Wiile very |low bids probably
do indicate that these individuals have Ilower than average
willingness to pay values, the true values may not be as |ow as
the values reported in the contingent valuation experinent.

To rigourously account for all of the considerations
di scussed above requires a nodel of how people respond to
conti ngent valuation questions. In section 4.3 there is the

begi nnings of such a nodel, but it does not allow any definite
conclusions to be made regarding the nmean versus nedi an question.
In practice, both nean and nedian values are inportant pieces of

evi dence. Inferences of the informational content of very high
and very low bids can be drawn from careful consideration of the
study design and the distribution of bids found. For 'the Loehman

et al. results, the problens inherent in a mail survey and the
di stribution of bids suggest that the high bids are not accurate
reflections ofwillingness to pay. Thus the medianmay be a nore
robust sunmary statistic.

It is interesting to note the relationships between the
bids for 1 day, 7 days, and 90 days of relief found by Loehman et
al. Using mld coughing/sneezing as an exanple, bid for 1 day is
$4, while the bid for 7 days is $13. roughly three tines as
| ar ge. The bid for 90 days is $37, about nine tines as |arge as
the bid for 1 day. Roughly simlar results are found for other
medi an bi ds. For nean bids the ratios are even snaller; the bid
for 7 days of relief from mld coughing/sneezing ($71) is |less
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than twce the bid for 1 day ($42), and the bid for 90 days
($138) is only about three tines the 1 day bid.

Two explanations for these relationships are possible. The
margi nal disutility from sickness (synptons) could be dimnishing
rapidly, so that extra days of synptons do not nmatter nuch and
the individual is-wlling to pay increasingly less for relief
from the synptons. This does not seem very plausible, especially
since decreasing marginal disutility from sickness inplies
increasing marginal wutility from health, which is not consistent
with the assunptions of economc theory. A second possibility is
that the respondents had trouble valuing |large changes in health
because these changes were outside of their experiences. That
bids for wunfamliar commodities mnay be inaccurate has been
suggested by wusers of the contingent valuation nethod (see
Cumm ngs, et al). This explanation seens to be nore powerful in
explaining why bids for 90 days of relief (an unfamliar
commodity to nost people) are sO small compared to the bids for 1
day of relief(anore famliar comodityw thinthe range of nost
peopl e's experiences). It is less powerful in explaining the
ratio of bids for 1 day and 7 days of relief, since both seemto
be famliar experiences to nost people.
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Table' 2-8

Source: Loehman, et al (1979)
Sanple Size = 432

Synpt om Medi an Bid Mean Bid

..................................................................

--shortness of breath/
chest pains

mld 8 78
severe 18 127

- -coughi ng/ sneezi ng

mld 4 42
severe 11 73

- -head congestion,
eye, ear, throat

irritation
mild 6 52
severe 13 85
7 days of:

--shortness of breath/
chest pains

mild 22 118
severe 57 218

- - coughi ng/ sneezi ng

mld 13 71
severe 32 116

- -head congesti on,
eye, ear, throat

irritation
mild 15 66
severe' ‘ 33 129

(Tabl e 'continued on next page)
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Table 2-8 (Continued)

Synpt om Medi an Bi d Mean Bid
90 days of
--Shortness of breath/
Chest pains
mld 56 233
severe 156 403

- - Coughi ng/ Sneezi ng

mld 37 138
severe 81 236

- - Head Congesti on,
Eye, Ear, Throat

Irritation
mld 40 145
severe 99 288
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2.5.3.4. Rowe and Chestnut (1984)

Study Design

The study by Rowe and Chestnut(1984) provides estinmates
of the value of a reduction in asthma days for people wth
ast hna. The econom c research supplenmented research underway at
the UCLA School of Medicine concerning the effects of air
pol lution on asthmatics. The UCLA project included over 90
subjects from Gendora, California (in 1983); the general
questionnaire that included the contingent valuation questions
was conpleted by 64 adults, and 18 parents of children under 16
years of age. O this total sanple of 82, there was only one
refusal. After evaluation of the bids, including checking for
protestors and other respondents whose bids were judged to be
i naccurate on the bias of consistency checks, 65 bids were

retained. This relatively small sanple is clearly not
representative of the general population since it involves only
ast hmati cs. This is arguably a strength, not a weakness, since

people with asthnma are a group likely to be affected by pollution
who may value the change differently than the general popul ation.

Unfortunately, the sample was not chosen so as to be
representative of asthmatics in general.

Contingent valuation bids were obtained by asking the
respondents: "If federal, state, or local governnents set up
prograns that could reduce pollens, dusts, air pollutants, and
other factors throughout this area that mght reduce your (and
your household's) bad asthma days by half, but would cost you
increased tax dollars, what would be the maxinum i.ncrease in

taxes each year that you and your household would be willing to

pay and still support such a progran?" A nunber of aspects of
this contingent market deserve comment. First, the good or
commodity being bid on is a reduction by half of the respondent's
and his household' s bad asthma days. Gven the respondent's
experience with asthma and the wearlier questions in the
guestionnaire, it seems reasonable that the respondents

understood the commodity and by this point in the experinent had
prior valuation and choice experience with respect to consunption

levels of it. The nmajor drawback of this definition of the
comodity is that it is different for each respondent. What
constitutes a "bad asthma day" is subjective, and since the

nunber of bad days varies across respondents, so does the nunber
of bad days renoved inplied by the 50 percent reduction.

Second, it was made clear that the reduction in asthma
days would be the result of a governnental program and paid for
by an increase taxes. That is, relatively concrete vehicles for

the delivery of and paynment for the good are used. Though this
makes the contingent narket nore realistic, the added realismis
purchased at the cost of increasing the possibility of problens
such as strategic bias or protestors (either at the idea of
increased taxes, or the inpossibility of such a program. In
addi tion, experience in focus groups in Chicago showed that
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menti oni nghe environment as a cause of health seemed toO
distract the respondents from providing reasoned bids. Thi s
problem may not have existed for the asthma patients, however,
since other results of the project showed that they had a good
understanding and accurate perceptions of the effects of
pollution on their conditions.

Third, an elenent of wuncertainty is introduced into the
market, since it is stated that the program inproving air quality
"m ght" reduce bad days by half. This wording raises
difficulties in interpreting the bids. I s one respondent bidding
a small anount because the reduction in asthma days is not worth
much to him or because his subjective probability that the
program will work is relatively low? The extensive analysis of
the bids supports the fornmer interpretation, but the issue can
not be entirely resol ved.

Two nore general problenms of the structure of the

contingent nmarket should be nentioned. First, there is the
probl em of the bidding fornat. The Rowe and Chestnut study used
a paynent card fornmat. It was designed to elimnate sone of the

probl ems associated with this format; they note that problens my
remain, however.

The second problem is the treatment of protest bids and

extreme values (either 0 bids or very large bids). The ideal is
to retain all bids that reflect the true vaue, no matter how
extreme, and to renove bids that do not. To be auseful bid, the

respondent nust be wlling to participate in the contingent
market, and fully understand the nature of the exercise. Rowe
and Chestnut carefully exam ne the zero bids, and subject bids to
a consistency check. This process necessarily involves sone
rather ad hoc procedures, and is to a certain extent subjective.
It would be interesting to know how sensitive the bid results are
to the editing process. As nentioned wearlier, this process
results in 17 of 82 bids being rejected, or roughly 20%

Resul ts

The results of the Rowe and Chestnut study relevant for
this review can be very easily summarized. They found a mean bid
for a 50% reduction in bad asthnma days (for 65 observations) of
$401 per year, with a standard deviation of $85. This is for an
average nunber of bad days reduced equal to 19. Thus, on average
a bad asthma day is worth about $21. O course, this average
value can not in general be used to value a marginal change of 1
bad asthma day.
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2.5.3.5. Tolley, et al (1985)

St udy Design

Volunme 3 of this report contains a detailed description of
the design of the Tolley et al. contingent valuation experinment,
and the considerations involved in this design. To summarize, the
experiment consist of four surveys valuing: 1) 1 day of relief
from 7 light synptonms such as coughing, etc.; 2) 30 days of
relief fromthese sane 7 synptons; 3) relief frommld and severe
angina (chest pain) given that the respondent already suffered
from 10 days of this synptons; and4) relief frommild and severe
angi na given that the respondent already suffered from 20 days of
this synptom Separate surveys were used to keep the length of
the survey at a |evel where reasoned responses could be reached,
but respondents' patience and concentration were not over-taxed

A total of 199 interviews were conpleted, roughly equally

divided between the four types of surveys. The surveys were
personal interviews of a randomy selected sanple from Chicago
and Denver,

O the total of 199 conpleted surveys, 23 surveys were

renoved from the sanple. Several criteria were used to determ ne
whi ch responses to renove. First, protestors who refused to give
any bids were renoved from the sanple. Protestors are

di stingui shed from those who wi shed to bid zero. Zero bidders
were left in the sanple on the grounds that the bids were felt to
be legitimate. A second group excluded from the sanple were
t hose respondents who indicated that they would pay any anount
for the inprovenent in health, or exorbitantly high anmunts (two
or three times their yearly incone). The last group of
respondents renoved from the sanple were random bidders whose
bids bore no logical relationship to each other. I ntervi ewer
coments were used in all cases to help identify individuals
unwi I ling or unable to participate in the contingent market. For
a nore conplete description of and rationale for the editing
process, see section 3.5.2 in Volune 3.

As described in Volume 3, a great deal of care was taken
in the creation of the contingent market. The contingent
comodi ties were described to the respondents, and the structure
of the survey encouraged respondents to think about the
commodities before bidding began. A form of iterative bidding

was used. Abstract paynent vehicles and delivery vehicles were
chosen,. to avoid protests and to avoid distracting respondents
from giving reasoned val ues. Finally, interviewer coments and

anal ysis of the bids were used to identify protestors.

For the two surveys concerning the seven |ight synptons, the
structure of the survey instrunent first helps the respondent to
recall his own experience wWith these common synptons, and then
establishes a standardized hypothetical product (relief from
synptons) to be valued. As a result the respondent should be
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famliar wth the comobdity of the contingent market, an
inmportant prerequisite to obtaining accurate value estinates.

The procedure described above could not be exactly followed.
for the two surveys concerning angina, since nost respondents had
little or no-experience with this synptom Standard questions on
health status help the respondent to begin to think about his or
her health and its inportance. The contingent valuation section
begins with a general two paragraph introduction that asks the
respondent to imagine having mld or severe angina, and includes
a brief statenent about the extent of angina in the United
St at es. The actual contingent valuation includes a description
by the interviewer of the specific synptons to be valued, and a
card summarizing of this description is then handed to the
respondent. The conplete survey instrunents are reproduced in the
Appendi x of Vol unme 3. This approach to survey structure was used
to mnimze the problenms associated wth respondents being
unfam liar wth angina. Wiile the value estimates resulting may
not be as accurate as for the nore famliar seven synptons, it is
felt that nost respondents did give reasoned bids:

Resul ts

Table 2-9 presents the values for synptons, from the four

surveys conducted by Tolley et al. Part 1 of Table 2-9 presents
medi an and nean bids for relief from one additional day of seven
i ndi vi dual light synptones, and two conbinations of synptons.

Part 2 of Table 2-9 presents the sane statistics for relief from
thirty additional days of the sane individual and conbined
synpt ons. Parts 3 and 4 of Table 2-9 present bids for relief
from angina. The nunber of additional days of angina, the
severity of the angina, and the endowrent that respondents were
asked to assune described their situation are varied to provide a
range of val ues.

The nedian bids for relief from one additional day of the

seven light synptons range from $11 for relief from a day of
coughing to $20 for headaches. Mean bids are roughly two to
three tinmes larger, ranging from $25.20 for a coughing day to
$50.28 for relief from a day of nausea. Relief from

conbinations of three synptons is nore highly valued than relief
from one synptom alone, but is not the sinple sum of the val ues
of the individual synptons. For instance, a day of cough, throat
and sinus synptons conbined is valued at $65.60 The sum of the
bids for relief from these synptons indvidually is $89.22.

For the Tolley et al. results the difference between the
median bids and the nean bids is substantially |ess than that
found for the Loehman et al. results. As described above, the
excessively large bids resulting from respondents who explicitly
or inplicitly protested the contingent market were renoved from

the Tolley et al. sanple. This shows one advantage of the
personal interview structure conpared to mil surveys:
interviewer comments can help identify protestors. Since all
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responses were subject to the editing process, and the
distribution of bids shows'a smaller inpact of the |argest bids,
the nean seens to be the nost robust summary statistic for this
sanpl e. In other words, the assunption seens justified that all
responses, even the very large and very snmall bids, have roughly
equi val ent informational content.

For relief from 30 days of the seven |ight synptons, the
nmedi an bids range from $95 for 30 days of coughing to $135 for 30
days of sinus problens. Again, nean bids are usually about two
or three tines larger than the nmedians, ranging from $166.50 for
30 days of coughing to $488.20 for 30 days of headaches. The
sane relationship between the bids for conbinations of synptons
and the sum of the bids for relief from the individual synptons
is found as in the one day survey. A conbination of three
synptons is valued nore than any one synptom alone, but not as
much as the sum of the bids for the three individual synptons.

Just as in the Loehman et al results, a sonmewhat surprising
relationship is found between the bids for different days of

relief. The nean bids for 30 days of relief from the |[ight
synptons are not 30 times larger than the nean bids for one day
of relief. The 30 day bids are closer to ten tinmes the size of
the one day bids. Though these bids result from two different
sanples of individuals, 1in terns of observable characteristics
the sanples seened simlar. Anot her possi ble explanation is that

the results reflect dimnishing marginal disutility from
si ckness, but this explanation inplies increasing marginal
utility from health which seens inplausible. In addition, other
results from these surveys reported in Volume 3 support the nore
standard relationship of increasing marginal disutility from

si ckness. Finally, it could be argued that 30 days of sickness
are a nore unfamliar comodity to nost individuals, so they are
under-valuing it. This possibility points to the continued need

for a formal nodel of how respondents react to contingent
val uation questions, since it is not obvious why bids for an
unfam liar commodity would be systematically biased downwards.

The third survey conducted by Tolley et al. concerns the
value of relief from angina (chest pain), given an endowrent of
up to 10 days of severe angi na. Medi an bids range from $50 for
relief from 1 mld day given an endowrent of 10 mld days, to
$200 for relief from 10 severe days given 10 severe days. The
mean bids are fairly close to the nedian bids, ranging from
$66.08 for relief from 1 mld day given 1 nild day, to $261.84

for 10 severe days given 10 severe days. For conparabl e
endownents, nedian and nean bids for mld days are always |ess
than bids for severe days, as would be expected. Conpari ng
across endowrents, it is generally true that relief from a given
nunber of days of angina is valued nore highly as the endowrent
i ncreases. This is consistent with increasing marginal
disutility of illness, and is the expected relationship.

The fourth survey also concerns angina, but the endowrent
ranges up to 20 days of mld and severe angina. Medi an  Dbids
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range from $40 for relief from1 mld day given 20 mld days, to
$200 for relief from 20 severe days given 20 severe days. Mean
bids show a larger difference between the value of 1 day and 20
days of angi na. The nmean bid for relief from1l mld day given 1
mld day is $90.24, while the nean bid for 20 severe days given
20 severe days is $844. 38. Again, as expected relief from severe
days of angina are valued nore highly than relief from mld days.
However, conparing bids across endowrents, the results do not
al ways support that increasing the endowrent increases the bid
for a given nunber of days of relief. For example, the nmean bid
for relief fromsevere day given 1l severe day is $278.88, while
the mean bid for relief from severe day given 20 severe days is
only 208.78 This difference may not be highly significant.
Cl oser exam nation of the bids reveals that sonme respondents bid
a large amobunt to be conpletely free of angina, while placing a

small  value on a day at the margin given a |arge endowrent.
Though this behavior is not consistent with increasing margina
disutility of illness, it is not necessarily irrational

Whet her individuals with actual experience of angina would bid in
this way is an interesting and open question

It is possible to conpare the results of the two surveys on
angina in a few cases where identical comobdities were valued by
the different sanples of individuals. The nmean bid for relief
from 1 mld day given 1 mld day is $66.08 for Survey 3 and
somewhat |larger for Survey 4 at $90.24. A larger difference is
found for the only other case in which the surveys are directly
conpar abl e. In Survey 3, the nmean bid for relief from 1 severe
day given 1 severe day is $123.59, while in Survey 4 the mean bid
is $278. 88. This Jlarger nmean bid in Survey 4 reflects the
influence of a few very high bidders who bid a |large anount to be

conpletely free of angina. In fact, the nedian bid from Survey 4
for relief from 1 severe day of angina given 1 severe day ($75)
is less than the nedian bid from Survey 3 ($100). These results

show the effect a few bids can have on the summary statistics,
and suggest that the values reported for relief from angina may
not be highly accurate.
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Tabl e 2-9: Part 1

Conti ngent Values of Health
Source: Tolley, et al (1985)

Synpt om Medi an Mean Bid
Bi d

0

—————— S

1 day of
cough 11 25. 20
Si nus 14 35.05
t hr oat 13 28.97
eyes 12. 50 27.73
dr owsi ness 15 31. 49
headaches 20 40. 10
nausea 17.50 50. 28
cough, throat, 30. 50 65. 60
and si nus
dr owsi ness, 25 95. 08
headaches and
nausea

(Tabl e continued on the next page)
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Tabl e 2-9: Part 2

Survey 2
Synpt om Medi an Mean Bid
Bi d
30 days of
-- cough 95 166. 50
- - sinus 135 265. 62
-- throat 100 206. 26
-- eyes 100 235. 53
-- drowsi ness 100 317.98
-- headaches 132.50 488. 20
-- nausea 100 186. 02
-- cough, throat, 200 624. 98
and si nus
-- drowsi ness, 300 868. 89
headaches and
nausea

(Tabl e continued on the next page)
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Tabl e 2-9: Part 3

Survey 3

Relief from Medi an Mean Bid

angi na, given Bi d

endownent of

angi na

--1 mld day
given 1 mld day 53 66. 08
given 10 mld days 50 83.95

--1 severe day

given 1 severe day 100 123. 59

given 10 severe days 100 144. 74
--5 mld days

given 10 mld days 55 96. 18
--5 severe days

given 10 severe days 150 192. 90
--10 mld days

given 10 mld days 100 154. 36
--10 severe days

given 10 severe days 200 261. 84

(Tabl e conti nued on next page)
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Tabl e 2-9: Part 4

Survey 4

Relief from Medi an Mean Bid

angi na, given Bid

endowrent of

angi na

--1 mld day
given 1 mld day 53 90. 24
given 20 mld days 40 99. 05

--1 severe day

given 1 severe day 75 278. 88

gi ven 20 severe days 60 208. 78
--10 mld days

given 20 ml|d days 100 287. 63
--10 severe days

gi ven 20 severe days 125 506. 25
--20 mld days

given 20 mld days 100 486. 25
--20 severe days

gi ven 20 severe days 200 844. 38
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2.5. 4. Concl usions and SupgBry

An assessnment of the contingent valuation nethod suggests
that with careful design the resulting value estinmates may be
fairly accurate. Wth this in mnd, this section reviewed three
studies that applied the C/M to the problem of wvaluing health
effects related to air pollution: Loehman et al. (1979), Rowe
and Chestnut (1984), and Tolley et al. (1985). Each of these
studies seens to be carefully designed, though certain problens
are noted. As a result, the value estimates are probably as
accurate as any estimates based on contingent valuation; simlar
to Cunmngs et al. (forthcomng), the reference accuracy may be
set at plus or mnus 50 percent.

While the health effects valued are not exactly the sane,
certain conparisons can be nade between the results of the three

st udi es. For instance, each of the studies inplies a value for
one day of respiratory synptons, though not always of the sane
synpt ons. From the Loehman et al. study, one day of of
coughi ng/ sneezing has a nean value of $138 (mld day) or $236
(severe day). The Rowe and Chestnut study inplies that relief
from one day of asthma synptons is worth on average about $20.
The Tolley et al. study finds that relief from one day of

coughing, throat, and sinus problens has a nean val ue of $65. 60.

These different values can be reconciled, to sone extent.
First, the Rowe and Chestnut value is not a value for a marginal
day of relief, but an average value for one day, given an average

of 19 days of synptons relieved. Thus, it is not really
conparable to the other estimates. The Loehrman et al. and Toll ey
et al. studies are nore directly conparable. In general,
sonmewhat different values result. But conparing nedian bids

across the two studies, or conparing nean bids across the two
studies, the values do not seem to be necessarily inconsistent.

2.5.6. Not es

L For a review of these and other contingent valuation studies
concerned with the value of norbidity, see Chestnut and
Violette (1984).
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2. 6. COVMPARI NG COST OF | LLNESS AND CONTI NGENT VALUATI ON

2.6.1. Introduction

The <cost of illness (CO) approach and contingent
valuation (CV) are two inportant nethods that allow a dollar
value to be placed on a change in norbidity or sickness. A
di rect conparison of values based on these nethods is undertaken
in this section. This conparison is especially interesting
because the nethods are in sone sense conplenentary. The cost of
illness approach, focusing on nedical expenditures and foregone
ear ni ngs, uses widely available data and straight-forward
enpirical techniques, so it is generally accepted on a practical
| evel . However, there is no strong theoretical basis for using
CoI values in benefit cost analysis. That is, there are serious
guestions whether a col value associated with a given change in
nmorbidity will be close to what an individual would be willing to
pay for that change. In contrast, contingent valuation
experiments can be designed to directly estimate what an
i ndividual would be wlling to pay for a certain change in
nmorbidity. So CV values are estimates of the conceptually
correct benefit nmeasures for benefit-cost analysis under
certainty. Unfortunately, the proper design of CV experinents is

difficult and still Controversial, and nmany econonists tend to be
skeptical of +the actual values given by individuals in a CV
experi ment. On a practical level, co1 values are often judged

superior to CV values, while on a theoretical or conceptual
| evel, CV values are preferred.

Due to the perceived practical advantages of the cost of
illness approach, recent theoretical work has investigated the
rel ati onship between ¢0I values and an individual's true
wllingness to pay (WP) for changes in norbidity. Harri ngt on
and Portney's (forthcomng) theoretical analysis supports the
conclusion that a coI value is a |ower boundtothe true WP, for
the certainty case. The nore general nodel presented in section
2.2 also inplies that under plausible conditions, ¢oI < WP under
certainty; the nodel also allows the analysis to be extended to
the case of uncertainty.

CV studies of the value of norbidity have considered changes
in health status that occur with certainty. This seems justifried
since the costs of adding uncertainty seem large in light of the
probl enms encountered in surveys that deal wth concepts of
uncertainty, and the benefits of adding uncertainty in the
context of non-serious norbidity may be snall. In this section
only the relationship between wllingness to pay and cost of
illness for certain changes can be directly addressed.

The enpirical evidence presented in this section is used to

test the hypothesis that'the cost of illness values are |ower
bounds to the true willingness to pay values. Values reported in
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CV experiments are used to represent the true WP values for a
change from being certainly sick to being certainly well. On the
assunption that the CV values are reasonable proxies for true
WP, the enpirical results support the hypothesis that cor < WP.
Alternatively, the fact that this reasonable relationship holds
between ¢c01 and CV reported WP can be seen as additional
evidence on the wusefulness and reliability of contingent
val uati on net hods.

In section 2.6.2, previous work conparing cost of illness
and contingent valuation is reviewed. In" section 2.6.3, the
results of a new contingent valuation experinent are presented,
to test the hypothesized relationship. The analysis is extended

to a prelimnary discussion of the relationship of col and WP
val ues under certainty, and the anount an individual would be
willing to pay for a change in health risks. No direct evidence
is available on wllingness to pay for norbidity risks, but the
anal ysis of Section 2.2 suggests an approximation from the
evidence on certainty values is possible. Section 2.6.4 is a
concl usi on.

2.6.2. Previous Wrk Compating ¢0I and CV

Two contingent valuation studies on the value of norbidity

contain sonme evidence ?n the relationship between cost of illness
values and CV val ues. The first study, reported in Loehnan, et
al. (1979), estimated median willingness to pay bids for

reductions in air pollution-related synptons. They note that the
bids "are probably Ilow conpared to out-of-pocket costs of
illness." As an exanple, the incone loss per day for a person
with an average incone would be $65, while the highest nedian
reported for 1 day of relief from severe synptons (shortness of
breath) is $10.92. Including the value of nedical expenditures
woul d cause COI to exceed the CV bid by a larger anount. The
differnce may be in part due to paid sick |eave and nedical
i nsurance causing out-of-pocket expenses to be |ow Anot her

problem is the use of nedian CV bids. In order to avoid over-
stating WIP because of the influence of a few very large bids on
the neans, they instead used the nuch smaller nedians. Thi s

m ght have resulted in an under-statement of WP, however, which
m ght explain why the CV bids are small relative to reasonable
colI values. At least, the nedian CV bids should be conpared to
nmedi an C€O0I val ues. In any case, Loehman, et al do not collect
the data that would allow a direct conparison of individual's CV
bids and their experienced or expected costs of illness. Thus,
their results seemto be only a weak indication that WIP is |ess
than CO; i.e. this is weak evidence against the hypothesis that
col is a |ower bound to WP.

A second CV study, by Rowe and Chestnut (1984) on the
value of asthma, is nore suitable to a direct conparison of CV
bi ds representing WIP, and the cost of illness. he first body
of evidence on WP conpared to col is the respondents' rankings
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of the inportance of the benefits they mght receive from reduced
ast hma. Based on statistical analysis of the rankings, Rowe and
Chestnut conclude that disconfort and effects on |eisure and
recreation activities, which are part of WP but not part of CO,
clearly ranked above nedical costs and work lost, which are the
only components of WP that a coIl value includes. So according
to these rankings, ¢cO0I estimtes do not include the nost
i mportant benefits of reduced norbidity. This indicates that WP
shoul d therefore exceed CO.

The second body of evidence from the Rowe and Chestnut
study is a conparison of the total WP bid and a constructed coI
val ue. This nethod reported yields a ratio of WIP/CO of 1.6,
supporting the hypothesis that WIP is greater than CO. O her
approaches to neasuring this ratio examned in their |arger study
suggest a ratio as high as 3.7.

Unfortunately, the data collected do not include foregone
earnings, Sso to construct the col value Rowe and Chestnut had to
assune that the earnings foregone were equal to the nedical

costs. The assunption is justified on the grounds that the
respondents' rankings of the inportance of foregone earnings and
medi cal expenditures were nearly identical. The conparison of

WP to ¢c0I does not seen sensitive to any inaccuracies inherent
in this assunption.

Anot her problem in the construction of the €OI value is
that it includes only variable nedical expenditures, such as on
medi ci nes or doctor visits. The asthmatics interviewed also had
significant fixed cost expenses on one-tine goods such as
Intermttent Positive Pressure Breathing Mchines. From Rowe and
Chestnut's Table 1, the total (household) fixed cost expenses
were $713, conpared to total (household) variable expenses per

year of $528. Cl early, the entire sum of fixed «costs
expendi tures should not be conpared to the willingness to pay for
an inprovenent in norbidity. However, since the inprovenent
woul d change individuals' marginal decisions on the purchase of a
one-time good, ideally sone (unknown) portion of the fixed
expenses would be included in a CO0I value. It does not seem

l'ikely that doing so would change the result that WP is greater
than CO .

In general, while the Rowe and Chestnut study is not the
i deal test of the hypothesis that WP exceeds CO, 1t does offer
strong support of that relationship. The final caveat is that
the study involved only a relatively smal sanple of individuals
with a chronic condition, asthma, and may not be relevant for the
general popul ati on.

Conmparisons of c¢oIlI and CV values from the Loehman et al.
(1979) and Rowe and Chestnut (1984) studies are thus sonewhat
i nconcl usi ve. The first study contains very weak evidence
agai nst the hypothesis that WP exceeds CO. The second study
contains nuch stronger evidence that supports the hypothesis, but
problens wth the study may limt its applicability.
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The contingent valuation study described in detail
el sewhere in-this report was designed to collect the necessary
data for a direct conparison of CV willingness to pay bids for
changes in health status with certainty and experienced cost of
illness. Only the surveys on seven light synmptonms (coughing
spells, stuffed up sinuses, throat congestion, itching eyes,
drowsi ness, headaches and nausea) are used for this conparative
analysis. The surveys on angina coul dnotbe usedbecause few if
any of the respondents had experience with angina and its related
cost of illness.

The total sanple of the seven light synptom surveys used

in the analysis was 131, using door-to-door and nmall-intercept
interview methods. Qut of this sanple, 9 observations were
unusuabl e because they were inconplete. Because of the limted
scope of the sanple, we view this enpirical study as
illustrative.

Table 2-10 conpares the mean WIP and private cOI for each
of the seven synptons in the contingent valuation survey. The
conparison is nmnade anong those who have experienced the synptom

in the previous year, i.e., those for whom we have coI data. The
private coI is calculated consistent with the prevailing neasure
in the coI literature. It is the expenditures on nedicine and

doctor visits less any insurance paynents plus any |ost earnings.
Both the individual WIP and col neasures are expressed on a daily
2 basis.

Qut of the entire sanmple of 122 individuals, t he
subsanpl es of those who had experienced the various synptons in
the previous year ranged in size from6 for drowsiness to 48 for
headaches. Wthin each of these subsanples, the nmean WP al ways
exceeded the nean cost of illness. The last colum of Table 2-10
indicates that in 5 of the 7 cases, the differences were
significant at the .05 level in a one tailed test.

Another way to test the equality of the private coI and
the WIP is through the use of a nonparanetric sign test (see Hoel
(1971, pp.310-315)). This type of test is less sensitive to

extreme WIP or coI values than is the t-test. For the sign test
the 192 WIP-COL pairs across all seven syrrptoms are conpared. In
174 cases, the WP exceeds private CO. the WIP-COLl pairs had

in fact come from the sane distribution, we would expect that in
only 96 cases would WP exceed CO. VW can then test whether 174
is significantly greater than 96 by, using the binom al
approximation to the normal distribution. The resulting value

of the test statistic is 11.26 which is significantly different
from zero at a .001 level of significance, further adding to the
enpirical evidence that WP exceeds CO.
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TABLE 2-10

WIllingness to Pay and Private Cost

of Illness Conparisons of Means

Synpt om Sanpl e Mean Daily Mean Daily t-

size (a) W I 1ingness Private Costs val ue(d)

to pay (b) of Illness (c)
Coughi ng Spel l's 27 $105. 34 $11. 29 2.12%
Stuff Up Sinuses 43 38. 84 6.79 2.22%
Throat Congestion 24 43. 93 14. 27 1.59
I'tching Eyes 16 172. 23 14. 56 1.24
Heavy Drowsi ness 6 173. 89 21.50 2.57%
Headaches 48 173. 21 3.33 2.07%
Nausea 18 91. 24 2.36 2.03x%
a
Only those experiencing the synptom are included

b

WIllingness to pay to avoid one extra day of the synptom

C
Cal cul ated as expenditures on doctor visits and nedicine net of

i nsurance reinbursenents plus |ost earnings, expressed on a daily
basi s.

d

Test of the null hypothesis that willfngness to pay is |less than
or equal to private costs of illness. *Indicates hypothesis
rejected at 0.05 level of significance in a one-tailed test.
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There are two types of additional evidence which support
the finding that WIP exceeds CO. First, we asked individuals to

rank the reasons for their values for synptom relief. Focus
group feedback led to developnent of a five-item list which
covered nost reasons. The reasons and the percentage of the 122

respondents who ranked the reason as the nost inportant are:
confort (67%), loss of work at hone (6%), loss of work away from
honme (12%), loss of recreation (2%), reduce nedical expenses
(11% and other (2%. So as in the Rowe and Chestnut (1984)
study, the conponents of the value of health included in co1 are
ranked as less inportant than the conponents COI omits.

W also estimated simple ordilpary | east squares
regressions of WP on the private cCOI. 'n each case the

intercept is positive, and in npbst cases is significantly
different from zero. The slope term is never significantly
different from zero. However, in the <cases in which it
approaches significance, it is positive. Thus, the regression

results are consistent with the above finding that in general WP
exceeds CO, although there does not appear to be any strong
tendency for the tw to nove together. This suggests it is not
possible to predict WP based on CO. So while WIP/CO ratios
could be conputed based on the neans reported in Table 2-22,
yielding ratios of about 3 to over 50, the regression results
suggest that these ratios are not particularly neaningful.

Implicit in our WP-COL conparison is the assunption that
the synptoms which people experienced in the previous year are
the sane as those which they are bidding on in the contingent

val uation experinments. For the light synptoms included in the
survey the differences are rather inconsequential. When the
sanples are limted to those who reported that their synptons
were the same, not worse or |less severe than the contingent
synptons, the mean of WIP is still greater than the nean of co1

for each synptom and although the dollar differences are greater
for four of the seven synptons only two of the t-values are
significant at the .05 level due to the smaller sanple sizes.
The nonparanetric sign test yielded a test statistic of 8.77 and
the regression results are simlar to those descri bed above. 3

Qur enpirical evidence suggests that the private CO
defined excluding tine lost from consunption is l|less than WP
Is it the exclusion of these tine expenditures which is driving
the result? In order to investigate this question we use other
information available from our contingent valuation survey to
construct an expanded col neasure which can then be conpared to
the WIP val ues. This neasure is the cost of nedicine and doctor
visits net of insurance reinbursenents plus the value of tine

| ost 6from any activity (e.g. market, work, school, work at
hone) . This increases the neasured COI is nore conpatible wth
theoretical nodels of CO. A conparison of the nean col and WP

for the various synptons indicates that WP is greater than COI
in six of seven cases (the exception is throat congestion),
al though the significance -1levels of the t-statistics are |ower
than before (they range from -.165 to 2.08). The nonparanetric
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test produces a test statistics of 5.48, which is again
significant at the .001 level, indicating WIP > CO. Regr essi ons
explaining WP again produce positive (although snaller) and
mostly significant constant terns and insignificant CcOI
coefficients. So overall, the exclusion of |ost consunption tine
does not appear to be the reason for our earlier result. Qur
enpi ri cal results are consistent with the hypothesis that
consuner surplus exceeds the private CO, whether or not the

value of lost consunption tine is included. It should be noted,
t hough, that our earlier neasure, excluding the value of |ost
consunption time, is nore consistent with that wused in co1I
st udi es.

The next step is to generalize our results to the
relati onship between willingness to pay for a change in norbidity
risks and the expected CO. From the theoretical nodel of
Section 2.2, if an exogenous change which lowers the probability
of contracting an illness causes individuals to reduce their
preventive expenditures (that is, if dX/dE is negative), then
wi Il lingness to pay for a change in risks exceed' s expected CS.
This is true since individuals would also be willing to pay their
preventive expenditure savings to avoid increases in health
risks. While our survey contains no direct evidence on the sign
of dX/dE fortunately it contains sone indirect evi dence.
I ndividual; are asked whether they have nmde various defensive
expenditures for health reasons: whether they have purchased air
conditioners, air purifiers, humdifiers for their hone or car or
made other preventive expenditures. Nontrivial proportions of
the full sanple have nade sone type of preventive expenditure.
But nore interesting are the differences between those who have
and have_ not experienced at |least one of the seven |ight
syrrptoms.7 Wiile the percentages of the two groups are al nost
equal for the purchase of humdifiers, those who have experienced
at |least one of the seven synptons are nore likely to have nade
expenditures in the other three categories than those who have
not . The difference is nost pronounced for air conditioners. No
one in the group not experiencing any synptons purchased an air
conditioner for health reasons but 19 of those having at |east
one of the seven synptons did so.

What does this pattern of preventive expenditures tell wus
about the sign of dX dE? The pattern is consistent wth a
negative dX/dE in the following way. Assune that those having
experienced the synptons also experience worse exogenous
environnmental conditions. This results in a higher probability
of experiencing the synptom In looking across the sanple, we
observe an increase in the quality of the environment(dE > 0) in
moving from those who have experienced at |ast one of the
symptoms to those who have not. The resulting change in
preventive expenditures then appears to be negative. It shoul d
be stressed that the above explanation is only consistent wth
dX/dE < 0. The data in the survey do not allow for a strict test
of hypot hesi s.

However, if it is true that dX/dE < O, then our enpirical
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results are also consistent with wllingness to pay for a change
in norbidity risks being greater than the expected CO. Thi s
allows us to nake statenents about our theoretical nodel wth
uncertainty from our enpirical results, which by practica

necessity are couched in ternms of certainty, and yield only
estimates of willingness to pay under certainty, in other words,

an estimate of consumer surplus (CS)

One final illustration will help show the useful ness of
our enpirical consuner surplus estimtes. From the theoretical
nodel, it 1is plausible that the expected change in consumner
surplus is a lower bound on wllingness to pay for a change in
heal th ri sks. Since the contingent valuation experinment measures

cs, if we assune sonme value for the change in probabilities of
becom ng sick, we canestimate a |ower bound for the value of the
reduction of health risks. For exanple, in Table 2-10 we report
that anong those having experienced coughing spells in the
previous year, the nean CS for avoiding one extra day of cough
with certainty is $105. 34. These individuals had on average
approximately 48 days of coughing spells in the previous year.
If we assune that the probability of having a coughing spell on
any given day is constant throughout the year, the nean
i ndividual faces approximately a . 13 probability of having a

coughing spell each day. A lower bound estimate of the
willingness to pay for a 10% reduction in the risk of a coughing
spell on any given day for the nean individual is sinply

- CS dH/dE or $105.34 x .013 = $1.37. The willingness to pay for
a whole year's worth of 10% reductions is $1.37 x 365 = $500. 05.
Lower bounds on the values of changes in the risks of the other
synptons can be simlarly calculated. It should be stressed,
however, that our Ilower bound estimates, while wuseful for
conparisons anong approaches, should be used for policy purposes
wi th caution. Qur small sanple is probably not representative of
the entire U S. population. In addition, it should be recalled
that the contingent valuation experinent contained no direct
evidence on the value of norbidity risks, and the [ower bound
estimates depend upon the theoretical nodel used in section 2.2.

2.6. 4. Concl usi ons

Qur enmpirical work provides evidence on WP and ¢oI for

seven light synptons in the certainty case: coughing spells,
stuffed up sinuses, throat congestion, itching eyes, heavy
dr owsi ness, headache, and nausea. The WP values that are
obtained are equivalent to consuner surpluses. The results

suggest that WIP exceeds CO, but there is no strong indication
that WP and ¢0I nove together in any systematic fashion
Assuming that exogenous changes affecting health risks reduce
preventive expenditures, our results also inply that the WP for
reduction in health risks which arises from our uncertainty based
nodel exceeds expected CO. W then provide an illustrative
| ower bound estimate of the value of a change in health risks
from our contingent valuation survey.
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The results of the new enpirical work thus tend to confirm
Rowe and Chestnut's (1984) prelimnary results that WP exceeds

COI. It should be noted that this relationship is also found in
the experinmental mail survey conpleted (see Section 3.7); but the
results are for a very small sanple. So there is a grow ng body
of evidence that suggests contingent valuation responses on WP
exceed CO, as predicted by several theoretical nodels. The
major limtation is the small sanple sizes of the studies.

2.6.5. Foot not es

L These studies are described in greater detail in section 2.5.

2, The contingent valuation experinments were conducted for both
one-day and thirty-day changes in the experience of the various
syst ens. Inmplicit in the normalization to one-day changes is the
assunption of constant marginal costs in the case of cost of
illness and constant marginal wutility in the case of wllingness
to pay.

3. The standard deviation for calculating the nornmal
distribution test statistic is constructed under the null
hypot hesis that the WP - c0I pairs come from the sane
di stribution. In this case the probability that WIP > COI is 1/2
and the standard deviation for the binomal approxinmation to the
nornmal distribution is 192 x 1/2 x 1/2 = 6.93.

4. These and other results not reported in the paper are
avai | abl e upon request.

5. A final piece of corroborating evidence is contained in the
survey. I ndi vi dual s were asked how much they would be willing to
pay to avoid all of the synptons they had experienced in the
previ ous year, O the 46 individuals who did not experience

synptons in conbinations with one another, 41 had WP > CO,
yielding a nonparanetric sign test statistic of 5.3, which is
highly significant. The nean WP greatly exceeded the nmean COI
and a sinple regression yielded results simlar to those
descri bed previously.

6. The value of time lost from market or nonmarket activity is
measured by nmultiplying the nunber of days lost by the daily wage
(hourly wage x 8). This reduces the sanple sonewhat since not

everyone in the sanple wrked in the previous year and thus
reported a wage rate. W also expanded the definition of cost of
illness even further to include days of market and nonmarket

activity "hindered." This cost of illness neasure is the sane as
above except that'it also includes the nunmber of days hindered
multiplied by one-half the daily wage. The neans test, sign
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tests and regressions were all recalculated and the results are
very simlar to those described for the first expanded cost of
il ness neasure.

1. The proportions of the full sanple having nade various
preventive expenditures, and the proportions anong those who have
and have not experienced at |east one of the seven |ight synptons
are as foll ows:

Preventive Ful | No One or nore
Expendi ture Sanpl e Synpt ons Synpt ons
Air Conditioner .151 . 000 .188
Air Purifier .110 .044 .126
Hum di fier .311 .318 .309
Q her .074 .056 .078
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2. 7. HOUSEHOLD PRCDUCTI ON OF HEALTH AND AVERTI NG BEHAVI OR

2.7. 1. | nt r oducti on

Followng Gossman (1972), economc analyis of health has
usually taken place in the context of household production

model s. In these nodels, the individual produces the comodity
health by conbining his own tinme and effort with purchased goods
such as nedical care, diet, and so on. So in effect, health is
partially wunder the control of the individual, that is, it is
partly endogeneous. It may also be affected by exogeneous
factors the individual can not control, including environnental

quality.

Some recent theoretical and enpirical work has used this
framework to derive expressions for what an individual would be
willing to pay for an exogeneous inprovenent in environmental
quality. The theoretical studies, such as the nodel developed in
section 2.2 and the references therein, investigate how the
conceptually correct wllingness to pay nmeasure will be related
to observable quantities nanely the cost of illness and
preventive expenditures (averting behavior).

Two enpirical studies have taken the analyis further and
attenpt to estinmate wllingness to pay directly. Gerking and
Stanley (1984) estimate wllingness to pay for health risks
related to ozone exposure, and Cropper (1981) estimates
willingness to pay for health risks related to an index of air
pol | ut ant s. In sections 2.7.2 and 2.7.3 below these studies are
reviewed to investigate the useful ness and conparability of their
enpirical estimates of the value of health. Section 2.7.4 is a
concl usi on.

2.7.2. Cerking and Stanley (1984)
The Gerking and Stanley study fornmulates a household
producti on nodel where environnental quality enters as a factor
in the production of health - which is in preferences, and which
affects the nunber of days sick. Thus the willingness to pay
(WIP) for an environnental quality inporvenent can be derived:

WITP=dY/dA|(dU=0) = -Ha(S,A,D)/Hs(S5,A,D)

where H is a multidinensionsl health production function, S is
averting activity -- in this case visits to a doctor -- and D
represents individual characteristics which parameterize indivi-
dual productivities of S and A in producing H for example, D
will include the existence and length of a chronic health
condi tion. Gven that the assunptions of the inplicit function
t heorem hol d, H=H(S,A,D) may be expressed as F(H,A,D), and thus:

Sa = -Fa/Fs = -(Fa/Fh)/(Fs/Fh) = -Ha/Hs.

Gerking and Stanley neasure dS(A,D)/dA using a cross-
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sectional survey of 2,594 households in St. Louis, Mssouri, over
the years 1977-1980, which is conbined with air quality data from
the Regional Air Pollution Study matched to each data point.
Because two of the independent variables in the regression - -
the existence and length of the chronic condition - - are
determned under the formulations of the nodel sinultaneously
with the health decision, a two-stage logit procedure 1is
fol | owed; the health wvariables are regressed on the other
expl anatory variables, and from this, predicted values are
entered into the final logit regression.

O the four pollutants considered in the nodel--ozone,
sul fur dioxides, total suspended particulates, and nitrous
oxi des-- only ozone has a coefficient significantly different from
0, at the 1 percent level of significance. None of the other
pollutants are significant at the 10 percent l|evel. By
multiplying this coefficient by the nean cost of a nedical visit
and by a posited change in ozone levels, Gerking and Stanley
calculate the change in new first nedical visit expenses due to a
30 percent reduction in anbient ozone |evels. The reduction in
expenditures range from $18.45 to $24.45 per capita, annually.

As a result of the' order of their tw stage estimation
process Gerking and Stanley do not directly estinmate the effects
of ozone onhealth, so it is inpossible to specifywhatchange in
health results from a given ozone reduction. Thus, these val ues
of WIP for an ozone reduction do not unanbiguously inply a value
for WIP for health. However, Gerking and Stanley do suggest that
it mght be reasonable to assune that each nedical visit is

associated wth a day of restricted activity due to illness. If
this is true, the value of preventing a restricted activity day
is equal to the full price of the nedical visit, wlich they

esti mated at about $40.

Anot her approach is to use an independent estimate of the
effect of ozone on health, and calculate what change in health
i ndividuals are purchasing when they purchase a given change in
ozone. Portney and Millahy (forthcomng) present a range of
estimated effects of ozone on health. When conbined with the
Gerking and Stanley values for a 30 percent reduction in ozone,
these estimates inply values not inconsistent with the $40 per
restricted activity day val ue above.

Two problenms noted by Gerking and Stanley that may affect
the robustness of this study are the choice of the dependent
variable, and the possible sanple selection bias created by the
use of a relatively small subset of the entire sanple. First,
whet her or not an individual has ever visited a doctor within a
year just does not seem very sensitive to the particular health
care needs created by high ozone |evles. It does not capture
additional nedical trips nmade by those already visiting doctors
for other reasons, and sinmlarly, does not reflect the intensity
of care related to a particulate ozone-related health problem
Second, because the nodel is formulated using the full price of
nmedi cal care - which equals the direct price of nedical care plus
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the time cost of receiving such care, the need for wage
information to value time suggests that only the 824 househol ds
who |list their primary occupation as enployed, and who had
reported wage date, be included in the regressions. I f enpl oyees
experience different exposures to air pollution levels than those
not enployed.- they may live in an air-conditioned office, or if
enpl oyees face different nedical cost structures - they have
conpany-provided insurance, the WP calculated from an enpl oyee
regression may not be generalizable to the population at |arge.
Gerking and Stanley do report, however, that regression results
run on the full sanple do not differ much from the subsanple
regression.

2.7.3. Cropper (1981)

Cropper postulates a dynamic health capital nmodel in which
pol lutants affect health expenditures only through wealth

maxi m zati on. Pollution increases the rate of health capital
decay - changing the margin between the net rate of return on
health capital and other investnent goods, and increases the
nunber of days ill. But because neither the pollutant nor health

is in preferences, the consumer optimzation problem can be
fornmulated as a two stage nmaxinum the individual first chooses a

schedule of health to maximze the present value of Ilife-tine
weal th, and then uses capital markets to shift consunption over
time so as to nmaximze utility. For a small change in the

pollutant level in sonme period t, Cropper defines the WIP as:
WP = (w(dS/dP)p + b(dI/dP)P)e Tt

where wis the wage rate, S the nunber of sick days, P the |evel
of pollution, b the costs of a unit of health investnent, | the
extent of health investnent, and r the discount rate. The first
term represents costs of illness(CO0I), the second the change in
heal th investnent expenditures.

In the course of wrking through the dynamc wealth
maxi m zati on, Cropper makes three restrictive assunptions which
allow the WP expression to be sinplified considerably; the
rel ati onships between the pollutant |evel and the depreciation

rate, and between health status and days ill, are assumed to be
of constant elasticity, and the health production function is
defined as constant returns to scale. G ven these assunptions,

it can be shown that the change in averting expenditures exactly
equals the co1 costs; the first order conditions for the wealth
maxi m zation insure that the marginal costs of sickness and
health investnent be equated, but, given the constant returns-to-
scal e-- which insures constant prices- -and the constant elasticity
rel ationships, the equilibrium margins are constant Irrespective
of the scale, and hence total costs are also equated. Thus to
calculate the WIP one nmerely needs to calculate cor and nultiply
by two, or, to calculate the change in averting expenditures, one
just needs to neasure the CO.
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Cropper illustrates her analysis by calculating coI and WP
from Mchigan Panel Study of Inconme Dynam cs data. G ven the
estimated elasticity of sick tine with respect to pollution, an
average personinthel976 sanple earning $6.00 per hour would be
willing to pay $7.20 annually for a 10 percent reduction in the
mean of sul fur dioxide.

Since WIP is always twice the foregone earnings in this

nodel, it is also possible to say that this average i ndividual
would be willing to pay $96 to avoid the loss of an eight hour
wor k day. Putting this in 1984 dollars inplies avalue of $176

per work | oss day.

2.7. 4. Concl usions

In this section, studies by Gerking and stanley (1984) and
Cropper (1981) are reviewed. These studies attenpt to estimate
what an individual would be willing to pay for an inprovenent in
air quality related to health effects only. The inplied values
for health are about $40 for a day of restricted activity from
the Gerking and Stanley study, and $176 for a work loss day in
the Cropper study. Since a work loss day is a nore severe effect
than a day of restricted activity (as defined in these studies),
it is notunexpectedthatthe Cropper estimate is larger than the
Gerking and Stanley estinate. The nmagnitude of the difference

does seem | arge. However, due to the limtations of these
studies noted by the authors, these value estinmates are probably
best described as illustrative of the order of magnitude of the
val ue of health. In this context, the two studies do not produce

i nconsi stent results.
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2.8. PROPERTY VALUES AND THE VALUE OF HEALTH

2.8.1.  Introduction

Hedonic analysis of housing narkets frequently has been
enployed in an effort to estinate the benefits of inproved air
quality. Presumably, individuals reveal their wllingness to pay
for environmental quality through their |location choices in
housing markets and the corresponding housing premuns for

various | ocational attributes, including air quality. The
benefit estimtes thus obtained, if accurately nmeasured,
represent the total benefits to individuals of inprovenents in
air quality, including inprovenents in health status, reduced

property damage (soiling costs), as well as less tangible psychic
benefits such as inproved visibility. As such, estimates of the
aggregate benefits of inproved air quality obtained from hedonic
analysis of housing markets nmay be viewed as upper bound
estimates of the benefits of inproved health status attributable
to inproved air quality.

This section explores the possibility of deriving neaningfu
informati on about the value of health risks from the literature
relating property values and air pollution. In section 2.8.2 the
hedonic analysis of housing narkets is considered in detail.
After noting a nunber of econonetric problens that have not been
fully resolved in the literature, sonme estinmates of wllingness
to pay for air quality inplied by a nunber of studies are
presented. It should be noted that the review does not attenpt to
attack or defend the basic nethodology of applying hedonic
analysis to the problem of property values and environnental
quality. Gven the existing state of know edge it seens
premature to attenpt to make judgenments about the appropriateness
of housing market hedonic studies, or to attenpt the derivation
of a consensus or best estimate of the value of air quality as
reveal ed in housing markets. Instead, a nunber of nmethodol ogica
concerns and a range of enpirical values are presented, to
expl ore the robustness of the nethod.

In section 2.8.3, the estimtes of wllingness to pay for
air quality are conbined with estimates of the effects of air
quality on health, to inply upper bounds for the value of
nortality risks. The extensive literature on the value of
nortality risks as revealed in various indirect and contingent
markets has been reviewed elsewhere (see Blonguist (1982),
Violette and Chestnut (1984) and Jones-Lee (1985)). The upper
bound values of nortality risks as revealed in the housing narket

can be conpared to the range other studies have found. The main
benefit of examning the housing market results is that this
mar ket directly reflects air quality. O her approaches to

valuing nortality risks consider other types of risks, such as
the risk of accidents while on the job, or traffic accidents. On
the other hand, the link between the value of air quality as
reflected in housing markets and the value of nortality risks is
fairly tenuous and depends crucially upon the validity of various
assunpti ons nade.
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2.8.2. Hedoni ¢ Anal.ysis of. Housing Markets

2.8.2.1. I nt roducti on

Ideally, we need estimates of the paraneters of the demand
function for inproved air quality, and an estinmate of the initial
hei ght of the demand curve. The benefits of a given inprovenent
in air quality can be neasured as the integral wunder the
conpensated demand curve, from the initial level of air quality
to the Ilevel of air quality that is attained wth the
i nprovenent . In Figure 2-2, the initial level of air quality is
shown by a,, and the augnented level a,. The initial level of
mar gi nal benefits as perceived by the consuner are shown as B,
and the level of narginal benefits corresponding to |level A2 are
shown as B,. The value of the inprovenent to the consuner is
shown as tzhe shaded area BiB,AjA, and corresponds to the
equi val ent variation Of incone o ]the change. This is a neasure

of the dollar equivalent of the welfare inprovenent (Hicks,
1968) .

The earliest hedonic analysis of housing markets concerns
the construction of housing price indices. This literature is
notivated by an interest in accurately estimating changes in
housi ng price. Fol l ow ng Gorman (1956) and Adel man and Giliches
(1961), the primary enphasis 1in the housing price index
literature is the developnent of a tine-series (or cross-SMVSA)
housing price index holding housing "quality" constant. |In sone
of these studies, the sales price of a particular house at
different points in tine is used to estimate a price index
(Dobson, 1970; Chinloy, 1977; Pal nguist, 1980). In nost of the
remai ning studies, such as Misgrave (1969), Follain (1978), and
Pal mqui st (1980), the sale price is regressed on the
characteristics of the house, wth the housing price index
conputed as the change over time (or across areas) in the
predicted sales price of a typical housing bundle (that is, a
bundle with the sanple nean |evel of each attribute).

Related to the housing price index literature is the early
hedoni c demand literature. Studies of this type were primarily
interested in estimting the "shadow prices" of housing
characteristics, that is, the contribution of particular
characteristics to total value, rather than an overall housing
price. Studies concentrating on the inpact of air quality on
housing values include Ridker and Henning (1967), Anderson and
Crocker (1971), Smith (1978), and Weand (1973). A summary of
the results from these studies and others are provided in
Tabl e 2-11. The marginal price estimtes vary considerably
across studies, ranging fromzero to $422.
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FI GURE 2-2
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TABLE 2-11 ESTIMATES OF MARA NAL PRICES OF AIR PCLLUTI CN
(Suspended Particulates)

Estinated Narginal__Pricée

St udy Locati on Year (1980 Dollars/mm>)
Di anond (1980) Chi cago 1969- 71 $422
Li and Brown (1980) Bost on 1971 2-88
Snith (1978) Chi cago 1971 91- 108
Smth and Onhsfel dt Houst on 1970 4-21
(1979) Houst on 1976 14- 68
W eand (1973) Census 1960 0-9%8

8 Not statistically different from zero.
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In many of these studies, marginal prices are assuned to
reveal the consunmer's wllingness to pay for various units of a
particul ar characteristic. However, these are not estimates Of
the consuner's entire willingness to pay schedule, and may not
reveal the marginal evaluations of different classes of

consunmers, except as an overall aver age. | nst ead, t hese
estimates are neasures of the average market price of a marginal
change in a particular |locational anenity--clean air. At nost,

the shadow prices determine only the height of the demand for
this characterisitic, but do not throw any light on the shape of
t he demand functi on.

An additional problem of wusing single state hedonic

regression concerns the implicit nature of housing
characteristics. Consider an ordinary good that is supplied in a
conpetitive market. A consuner faces a constant market-

determned price, and adjusts quantity purchased to the point
where the person's marginal evaluation of the good (demand) is
equal to the market price. If the good is sold in such a way
that the price facing the consunmer varies wth the quantity
purchased, the single hedonic estimate of the marginal benefit to
the consunmer will be a weighted average of marginal evaluations
of consumers in different cicumstances. |If air quality is a
normal good, higher income consuners wll have a higher demand
for it, and their demand curves wll intersect the non-constant
price schedule at different points. It is still true that
consuners equate marginal evaluation with price, and neasures of
benefits to inproved air quality can be estimated as the area
under the conpensated demand curve, but these neasures wll vary
with consuners. One may conclude that a proper neasure of
benefits should segnent consuners by different incone |evels and
ot her characteristics, or alternatively one may accept that the
average margi nal evaluation, shown by the hedonic estimte, m ght
be used for an overall estimte of benefits to the typical
consuner. The single-stage hedonic estimate still wll not
provi de evidence as to the shape of the demand curve, however.

2.8.2.2. Hedonic Prices and the Denand for Characteristics

There have been many attenpts to estimate the demand for
housing characteristics directly, either as a system of denmand
equations or wth each equation treated separately. Anong the
earliest studies of this type are Kain and Qigley (1975),
Straszheim (1975), and King (1976). Unlike Kain and Quigley,
both Straszheim and King include price information in their
estimating equations (specifically, the "hedonic" price of the
attribute). Since both studies assune a linear housing price
structure (that is, a constant marginal price of the attribute),
it is necessary to invoke a "segmented markets" assunption to
insure variation of the hedonic prices within an urban area at a
single point in tine. That is, a separate hedonic regression is
estimated for each market segment, and the resulting coefficient
estimates are used as the price variable in the demand function.
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It is inportant to note that the segnmented markets
hypothesis arose from the observation that point estimates of
marginal price differ across areas within an urban area. | f
markets were not segnented (or separated), it was (inplicitly)
assunmed that arbitrage between nmarkets would insure price
equality across the urban area. Athough this argunent my be
applicable to the literature on racial discrimnation in housing,
the segmented nmarkets hypothesis, in general, represents a
failure to recognize the inplicit nature of characteristics
mar ket s. The fact that characteristics are purchased jointly in
indivisible bundles limts arbitrage possibilities, resulting in
a nonlinear price structure. Differences in point estinmtes of
margi nal price are to be expected, and do not constitute evi dence
of segmented markets.

2.8.2.3 Rosen's Mdel of Inplicit Markets

A general nodel of inplicit markets for characteristics was
devel oped by Rosen (1974). In this nodel, the interaction of
supply and demand produces a market clearing price function,
P(Z), which relates the price of a heterogeneous good to z, the
characteristics of the good. Rosen defi ned equi l'ibrium as the
state at which the marginal bid price for ¢;, equals the
marginal offer price for z;, @;, for all i in E The bid curve
relates the maxinmm prlce a consumer is willing to pay for an
addi tional unit of 2z., holding inconme (and other exogenous denmand
vari abl es) and utlflty constant (uY). The offer price curve
relates the mninum price a producer is willing to accept for an
additional unit of % hol di ng exogenous supply variables and
profits constant (Pi Notationally, an inplicit market is in
equi | i brium when

9;(z, Y., v%) = By = 9,(2z, v,, Pi¥%)

for all i, where Y, represents incone and other exogenous demand
variables, Y, represents exogenous supply variables, and P; is
the equilibrium inplicit marginal price of z;.

In Rosen's nodel, the derivatives of @; form a set of
conpensated (inverse) demand functions, and the derivatives of
Q; a set of profit-conpensated supply functions. The
intersections of the demand and supply functions trace out the
price function p;, which will not in general be linear, and will
not inply a constant narginal price. (The usual hedonic
technique and the conpetitive nodel for an ordinary good both
imply constant narginal prices.) If the price function P can be
determined, then taking its derivative at various |eve }s
will yield a set of inplicit marginal prices, which in turn may
be used to estinate the conpensated demand function needed in the
estimation of benefits to inproved air quality. In essence,
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since the price function relating the marginal price and the
quantity of an attribute is conposed of intersections of denmand
and supply, it is neither demand nor supply itself. What results
is an identification problem

Rosen suggested a two-step estimation procedure, where an
hedonic market equation, P(Z), is estimated in the first step
using the best fitting functional form and omtting Y; and Y,.
In the second step, the derivatives of the equation estimated in
the first step, evaluated at each observation's level of Z are

used in the estimtion of a system of supply and demand
equat i ons:

Py = 05(2, Yp) [ denand]
Py = 0;(2, Yy) [supply]l

where P, = the partial derivative of P(Z) w.r.t. z;, evaluated at
each observed Z

2.8.2.4. Rosen's Mbdel: Applications to Denand for Air Quality

Studies that apply Rosen's technique to the analysis of the
demand for air quality are Harrison and Rubinfeld (1978), Nel son
(1978), Bender et al. (1980), and Onhsfeldt (1983). Harrison and
Rubinfeld are primarily interested in a single characteristic,
air quality. They estimate a single demand equation (1) using
QS and (2) wth an instrunental variable for air quality.
Nel son estinmates a supply and denmand function for clean air using
two-stage |east squares. In both cases, the variation in Py iLn
the system is entirely attributable to the nonlinearity of the
price structure and the subsequent differences in point estinates
of marginal price. Bender, et al. estimate the demand for air
quality giving special attention to the choice of functional form
for both the demand function and the hedonic price equation.
Chsfeldt estimates the demand for three housing neighborhood
characteristics including quality (of which air quality is a
maj or conponent) for three cities using the |ongitudinal Annual
Housing Survey for the years 1974 through 1979.

In all of these studies, wth the exception of OChsfeldt
(1983), the market price function, P(2Z), contains a greater
nunber of characteristics variables than the demand (or supply)

equat i ons. One reason why the enpirical nodels have this
structure, although it is never explicitly stated as such, is to
reduce the severity of a problem that is immediately apparent in
Rosen' s suggested enpirical technique. That is, if Pi is linear
in Z and Q; is linear in Z then in the second step of the
estimating “procedure, Z wll explain all of the variance in Pi
and the coefficients of ¥y, will be zero. The only way to avoid

this result using Rosen's technique is to assume that Pi and 0;
have different functional forms wth respect to Z, of which
including linear fewer Zi's in @; is a special case. In other
words, wth a single market area ‘at a particular point in tine,
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all of the variation in the estimated marginal price, P;, can be
attributed to the nonlinearity of the price structure, lP(Z). In
estimating demand (or supply), restrictions on the functional
formse nust be inposed to avoid duplicating the marginal price
function. Even with nultiple market data, substantial exogenous
price variation is necessary to avoid the effects of spurious
correlation (see Onsfeldt and Smth, 1985). It seens likely that
all of these studies suffer, to sone degree, from inadequate
exogenous price variation. Thus, the benefit estinates obtained
from these anal yses are not very reliable.

Another basic flaw in nost of these studies is that they
accept Rosen's view of the identification problem The object of
an inmplicit market analysis is the individual consuner (or

pr oducer) . Since the market price structure P(Z), is exogenous
to the individual, there is no direct interaction between
Individual. supply and l1individual_demand. The relevant

simultaneity problem in an inplicit market analysis results from
the quantity dependence of marginal prices.

Wth these Ilimtations in mnd a sumary of demand
el asticity estinmates from these enpirical studies is provided in
Tabl e 2-12.

These estimates, to the extent they are accurate, indicate
that the demand for clean air is probably price inelastic, and
that clean air is a normal good.

In ternms of benefit estimates, Bender et al. suggest a
permanent 10 percent reduction in suspended particulates would
result in a $700-1800 benefit (present value) per household. A
per manent reduction of 20 percent would create $1500-3000 in
benefits (present value) per househol d. Simlarly, Harrison and
Rubinfeld estimate. that a 2 pphm reduction in nitrogen oxides
woul d create benefit of $800 per mddle-inconme household, while a
9 pphm reduction would result in benefits of $2200 per

m ddl e-i ncome  househol d. But , because of the econonetric
problems outlined earlier, these estimates should be wused
cautiously.
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TABLE 2-12 ESTI MATES OF ELASTICITIES OF DEMAND FOR CLEAN AR

Dat e Price | ncome
St udy Locati on Year Elasticity Elasticity
Bender, et al. (1980) Chi cago 1972 - .516 .609
Harrison and Rubinfeld Boston 1970 - .850 .957
(1978)

Nel son (1970) D. C. 1970 -1. 250 1. 000
Onsfel dt  (1983) Houst on 74-79 -1.111 .081
Chi cago 74-79 - .113 .139

Phi | adel phi a 74-79 - .382 .123
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2.8.3. Implied Values of Mrtality R sks

In this section, we consider the problem of deriving a value
for the risks to human health associated with air pollution,
based on the-values inplied in property value studies. Thi s
exercise follows the proposal made by Portney (1981). A simlar
exercise has also been carried out by Smth and Glbert (1984)
for values derived from a hedonic wage function that incorporates
both job related risks and inplicitly the nortality risks
associated with air pollution.

As discussed above in section 2.8.2, individuals may reveal
their wllingness to pay for air quality through their |ocation
choices, and so housing prices will relflect this value. From

sone early studies in this field, estinmates of the marginal price
of air pollution (suspended particulates) range from zero to $422

per m crogram per cubic meter. For the present exercise, we wll
use this average marginal evaluation as an estimate of the
benefits to the typical consuner. For illustrative purposes,

assune the true value is somewhere in the mddle of this range,
say at $100.

Knowing the marginal price of air pollution as revealed in
housi ng markets does not directly lead to estimates of the value
of risks to health. What is necessary is additional information
linking air pollution to health risks, which can be found from
the health econonetrics literature (see Section 2.3). Usi ng the
sane notation as Portney (1981), if the marginal value of risk is
Vg, it can be approxinmated by the ratio of the narginal value of
air pollution (dVdQ and the marginal effect of air pollution on
risks (dRIdQ, i.e.

Vg = (dV/dQ)/(dR/4Q).

Using the estimates from housing hedonics leads to a value of
(dv/dQ); using estimates from a health econonetrics study allows
the estimation of (dR dQ. In particular, a "typical" health
econonetrics estimte (see Section 2.3) suggests that a narginal
change in the nmean |evel of suspended particulates results in a
change in the average nortality rate of 0.45 (deaths per
100, 000).

To actually conplete the calculation of the value of
health risks, the basic pieces of information nust be adjusted to
take into account exactly what is revealed in the housing market.
First, the marginal prices of 'air pollution, reflecting the
difference air pollution makes in housing prices, nust be put on

an annual cost Dbasis. Using a typical discount rate of 10
percent (again, see Portney (1981)), our assunmed value of $100
inmplies a $10 annual cost. Second, it should be recognized that

the choice of location inproves health for all menbers of the
household. So if a typical household is made up of 3
i ndividuals, the risk reduction the household "buys" when it buys
a house with a marginal reduction of air pollution is a reduction
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in nortality risks for 3 individuals, or 3 tinmes .45 = 1.35

deat hs per 100, 000. Wth these figures, then, the inplied value
of a risk reduction is

Vg = (dV/dQ)/(dR/dQ) = ($10)/(1.35 x 10 9)= §7.4x 107,

That is, the value of a marginal change in risks, or the value of
life in a statistical sense, is $740, 000.

There are numerous caveats concerning this value of risk.
First, for the calculation to be approximately correct, two
assunptions mnust be approximately net: 1) the only reason
househol ds value cleaner air (as revealed in the housing narket)
is for the change in health risks; and 2) households "correctly"

perceive the change in health risks associated with changing air
pol | uti on.

Since households probably value cleaner air for reasons
unassoci ated with health, the estimate of the marginal value of

risk, Vg, wll be wupwardly biased, or an upper bound to the
correct measure. Smth and Glbert (1984) attenpt to at |east
partially correct for this problem by reducing the inplied val ues
of nortality risks by 30 percent. This correction used the

results of a contingent valuation study by Brookshire et al.
(1979) that asked respondents to allocate their total wllingness
to pay for air pollution reductions between aesthetic and health
not i vati ons. This study indicated that 30 percent of the total
willingness to pay was due to aesthetic notives. To use this
adjustnment, Glbert and Smith have to mmintain the assunption
that the sane proportion can be applied to wllingness to pay
estimates from the wage nodel. Maki ng the sanme assunption for
willingness to pay estimates from property value studies, the
value of nortality risks derived above could be simlarly

adj ust ed. However, depending upon the individual's exposure to
pol lution at work and at home, the relative inportance of health
versus aesthetic notives may differ. Maur een Cropper suggests,
for instance, that nost of the observed housing price premuns
may be due to aesthetic and not health notives. Si nce worKking
persons spend a large portion of their tine away from their
hones, wllingness to pay for cleaner air at hone cannot capture

the total willingness to pay for cleaner air for health reasons.
This inplies that the derived value of nortality risks overstates
the true value because of the inclusion of aesthetic and other
benefits, but understates the true value because it excludes the
value of clean air on the job.

I f households underestimate the effect of air pollution on
health (i.e. households' estimates are snaller than the health
econonetric studies' estimates of drR/dQ), then the estimate of VR
will be biased downwards. The converse is of course true if
househol ds overestimate the effect of air pollution on health.
The effect of air pollution on health as perceived by househol ds
is the required, but unkown, value. Smth and G lbert (1984)
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point out that given the range of estimates existing in the
technical literature, it is plausible that the relationship as
perceived by individuals' could fall anywhere within this range.

Finally, even if the formula for calculating the value of
risk is approximately correct, the values plugged into the
formula are only possible candidates from a wde range of
estimates for both the value of air pollution and the effect of
air pollution on human health. Using different estimates could
change the value of risk by at l|east an order of magnitude. In
particul ar, since sone property value studies show no prem unms
for air quality, the lower bound for the value estimated is zero.
This could inply that there is no relationship betwen air
quality and health, or that individuals do not perceive any
relationship, or that the relationship sinply is not discovered
by hedonic anal ysis of housing markets.

Wth the above caveats in mnd, whatcanbe said about the
value of risk of $740,000 that was found? In very broad terns,
this value does not seem inconsistent with the values derived
from the hedonic analysis of |abor markets, or from the analysis
of risk-related consunption activity. Blomguist (1982) reports a
range of inmplicit values from |abor market studies from $378, 000
to $2,820,000; and a range Oof inplicit values from consumption
activity from $180,000 to $466, 000. Further nention should be
made of the conparison of Portney's (1981) results to ours, since
by follow ng amost exactly the same procedure as used above, he
arrives at a value of $180, 000. The difference can be explained
mainly by the marginal value of air pollution Portney uses. He
begins with a value of $335 for 18 mcrograns/cubic neter of
suspended particulates, Which inplies a value of (roughly) $18.60
for 1 mcrogramcubic neter. This conpares to the value of $100
used in the above cal culations, and thus accounts for nost of the
difference in the final value of risk. The estimate Portney used
is well within the range of estimates reported in section 2.8.2.
Also note that Portney's estimated relationship between air
pollution and nortality risks (.5 per 100,000) is very close to
that used above (.45 per 100, 000).

So the various inplicit market values for health risks,
where the narkets are |abor, housing, and certain consunption
goods, seem to result in what again is best termed not
i nconsi stent results. The $740,000 estinate can al so be conpared

to the cost of illness approach estimates of the value of
nortality risks, which are given by the present value of future
f or egone ear ni ngs. Landefeld and Seskin (1982) report a standard

estimate for a nale 40-44 years old of $180,352, or their
adjusted estimate (to nore closely approximate wllingness to
pay) of $660, 193. Again, no large inconsistencies are seen in

the estimates. |In addition, due to the existence of averting
behavior, it has been suggested that the cost of illness approach
underestimates wllingness to pay (see Section 2.2). This can
help explain in particular the relatively low estinmate of the
standard cost of illness approach.
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2.09. CONCLUSI ONS: | NTERIM VALUES FOR THE HEALTH EFFECTS
OF AIR POLLUTI ON

2.9.1. JEI roduction

The strengths, weaknesses and mgjor results of the various
approaches to solving the problem of valuing health effects
likely to result from an air quality change are discussed in the
earlier parts of Volume 2. A synthesis of these results is the

goal of this concluding section. The task seens form dable,
since the studies reviewed often value different aspects of
heal t h, using different nethodol ogies. As a result of the
net hodol ogy used, the studies' results will vary in quality, in

terns of accuracy and in how conplete a value estimate can be
reached.

To organize the issues involved, in section 2.9.2 a
framework for value estimates is discussed. This section
describes what health effects it would be desirable to have
values for, and what a conplete value estimate would include.
Rather than beingan ideal, the goal is to develop a franmework
that can be inplemented with data already available or likely to
be available in the near future.

In section 2.9.3 the avail able evidence on the value of health

effects is reviewed. The available evidence is conpared to the
framework, in terns of which health effects are valued, and how
conplete these values wll Dbe. In light of this discussion,

reasonable ranges and interim values are developed. To
illustrate the useful ness of these values, the section concl udes
wth an illustrative calculation of the benefits of an
hypot hetical change in air quality.

2.9.2. A Framework _for _Valuingthe Health FEffects O Al

PolTution

There are two questions involved in formng a set of values
for the health effects related to air pollution. First, what
types and ranges of health effects would we like to have val ues
for? Second, for the health effects we would |like to value, what
would constitute a conplete and conceptually correct value
estimte? Answers to these questions are discussed below, and
this discussion is summarized in Table 2-13.

QG her sections of this report contain a nore conplete
di scussion of the issues involved in answering these questions.
The types and ranges of health effects related to air pollution
are discussed in section 2.3 on health econonetrics, and in
section 3.2 of Volume 3 on dose response relationships. What is
involved in a conplete value estimate is devel oped on a rigorous
theoretical basis in section 2.2. A prelimnary investigation of
valuing serious or life-threatening illness is the focus of
Volume 4, though the framework developed has yet to be
i mpl enment ed.
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TABLE 2-13

FRAMEWORK FOR

Health Effects Val ued

--margi nal change in
time spent ill

Aggravation of Previously
Exi sting .Chranic MrIbidity

--chronic lung conditions

--chronic heart conditions

--margi nal and non-nmargi na
changes in tinme spent il

Increased lncidence" of
Non-fatal Chronic Mrbidity
--chronic lung conditions

--chronic heart conditions

- - cancer

Nogtality

--unforseen instant death

- chronic lung conditions
--chronic heart conditions
- - cancer
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HEALTH VALUES

Value reflects

--physical and nental

di sconfort
--work tine |ost
--other time | ost
--nedi cal expenditures

of
or

--costs
behavi or
nmeasur es

averting
preventive

--a larger
al |

degree of
of the above

--individuals' health
status is already | ow

--all of the above

--lifestyle and work

changes due to the
exi stence of chronic
illness
--nmortality risks
--norbidity preceding
nortality valued as
above

--psychic costs of
i mm nent death



2.9.2.1. Health Effects to be Val ued

Based on the health econonetrics literature and what is
known about dose-response relationships, the health effects
relevant to a change in air quality levels fall into three
groups: 1) acute norbidity; 2) chronic norbidity; and 3)
mortality. This <classification 1is necessarily somewhat
arbitrary. Particularly troublesome is the separation of

nmorbidity and nortality. Alnmost all norbidity involves sonme risk
of nortality, and conversely alnost all nortality is preceded by
a period of norbidity. In what follows, norbidity is treated as
not involving any risk of death; that norbidity related to death
is termed "norbidity preceding nortality.”

Most individuals affected by air pollution at all probably
experience only acute effects. These include synptons such as
eye irritation, cough and headache stemrming directly from the
pollutants, and the possibility of increased sucesptibility to
acute illnesses such as upper respiratory infections. Reasonabl e
changes in air quality could change the experience of these
individuals marginally-- a fraction of a day to a few days of this
type of health effects nore or |ess. So value estimtes should
val ue margi nal changes for a range of |ight synptons.

Health changes related to chronic norbidity will affect a
smal l er nunmber of people, but each wll suffer nore serious
ef fects. Most evidence supports the relationship between air
pollution and the aggravation of existing chronic |ung
condi ti ons. There is also sone evidence that those individuals
with existing heart conditions may be affected. In general, the
dose-response literature seenms to suggest that a reasonable

change in air pollution levels may provide a significant change
in health status for those with chronic conditions, both in the
severity of the synptons and in the change in the nunber of days
the synptons are experienced. However, at levels of air
pollution relevant to the US., from the health econonetrics
literature little evidence has been found of a link between air
pollution and any l|large changes in tine spent ill. To val ue the
possible effects of air pollution on the chronically ill, it is
thus necessary to address the symptons the chronically il
experience, and be applicable to both marginal changes in tine
spent ill, and possibly non-marginal changes as well.

The possibility that air pollution causes (or is one
possi bl e cause of) new cases of chronic lung conditions or heart
conditions also can not be ruled out. To date, evidence on this
possibility is wvirtually non-existent. There is sonme evidence
linking increases in nortality rates for chronic and serious
illnesses to air pollution. If air pollution is increasing the
i ncidence of eventually fatal condtions, it seens reasonabl e that
it increases the incidence of non-fatal conditions as well. On
the other hand, air pollution nay not be causing new cases at
all, but instead aggravate existing cases to the extrene of
increasing death rates. Wile this is an unresolved issue, it is
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still wuseful to value a change in the incidence of non-fatal
chronic norbidity. Aside from valuing an inportant possible
effect of air pollution, wvaluing non-fatal conditions is a first
step towards valuing the norbidity preceding nortality.

The nost serious health effect related to air pollution is
of course nortality. Evi dence supports a link between general
nortality rates and air pollution levels, possibly stemmng from
increased mortality due to chronic lung conditions, heart
condi ti ons, and cancer. The ideal nmeasure of the value of
nortality would include a value of the change in nortality risks,
plus a value for the change in norbidity preceding nortality.

2.9.2. 2. Components of a Conplete Value Estinmate

The devel opment of a conceptually correct and conplete
estimate of the value of aninprovenentinhealth due to a change
in environmental quality can be thought of involving several
st eps. First, for norbidity, an estimate of what an individual
would be wWilling to pay for a certain change in his health status
could be prepared. This estimate wll reflect the different
reasons an individual values his health. Second, it is necessary
to estimate what an individual would be willing to pay for a
change in the risks of nortality he faces. This estimate wll
reflect the value of the norbidity preceding nortality, as wel
as the value of the nortality risks alone. Each of these steps
is discussed briefly bel ow. Following this discussion is a brief
di scussion of the Ilimtations of the framework that are
necessitated by the limtations of the avail able data. It shoul d
also be noted at the outset that the value estinmates are being
prepared for use in an ex ante evaluation of whether a project is
a potenti al Pareto i nprovenent. This criterion relfects
normative judgenents, but it is not the purpose of this Report to
di scuss and defend the general nethodology of applied welfare
economi cs.

To anal yze why and how rmuch an individual values his health
first consider why an individual would value a reduction in acute

norbidity. First, there is the value of disconfort: t he direct
disutility of illness or synptonms, which in nore severe cases
m ght be termed pain and suffering. Second, there is the value
of work tine lost due to illness or synptons. This can be

nmeasured directly as the value of the foregone earnings the
individual actually incurs (allowing for the possibility of paid

sick leave). Third, there Is the value of other time lost This
includes the value of time devoted to housework, |eisure tine,
and so on. Fourth, there are the direct costs of nedical
expenditures incurred because of the illness or synptons.

Finally, there are the costs of averting behavior, or preventive
actions taken to offset the inpact of bad healt or the
envi ronnent .

For the value of <chronic norbidity, all of the above
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conponents of the value of acute norbidity remain relevant. O
course, the disconfort nmay be -more severe, and the foregone

earnings, lost tine, nedical expenditures, and averting behavior
may be nore significant. In addition, there seem to be special
considerations required for chronic conditions. Since the

condition may restrict activity and cause disconfort for a nuch
| onger period of time, the individual nmay be forced to nmake |arge
changes in his lifestyle and occupation. For instance, certain
strenuous leisure activities or occupations may not be possible.
So evenifthe individual has not |ostworktinme or |leisure tine,
he also may not earn as nuch or enjoy his leisure as nmuch as he
would if the chronic condition were not present. (The influence
of chronic conditions on earnings has been explored by Crocker,
et al (1979).)

Valuing nortality risks due to air pollution involves
valuing the norbidity that precedes death, and finding the anount
individuals are wlling to pay to avoid increased nortality
risks. Valuing norbidity preceding nortality involves the sane
considerations discussed in valuing chronic norbidity. Val ui ng
nortality risks results in what has been terned the value of a
statistical life.

The framework discussed above for developing a conplete
estimate of the value of health is feasible to inplenent (though
not necessarily perfectly) given existing data, but still falls
short of being ideal. Several further steps would need to be
taken before the value of health would be ideally estimated.

First, since health and the effects of environnental quality
on health are goods involving a high degree of uncertainty, the
analysis nust take this into account. Graham (1981) addresses
the general problem of benefit cost analysis under uncertainty,
and investigates how what an individual would pay for a change
in risk may be related to what an individual would pay for a
certain change. An expression for what an individual would be
willing to pay for a change in health risks is derivedin section
2.2. However, in the discussion above of the value of norbidity,
health is treated as a certain good, and the conplete value
measure developed corresponds to a standard consunmers surplus

measure under certainty. This sinmplification is necessary
because nost of the existing enpirical work values certain
changes. In general, for small changes in the incidence of comon

ill nesses or synptons (e.g. coughing), treating uncertain changes
as if they occur with certainty does not seem very m sleading.
At the other extreme, valuing nortality risks by the anount an
individual would be wlling to pay to avoid certain death is
clearly inappropriate, and so the value of nortality risks, or
the so-called value of a statistical life, s used. I n between
t hese extrenes, the change involved if an individual develops a
new chronic condition is probably |arge enough that recognition
of the inherent uncertainty is necessary. Wat would be ideal is
the value of a change in risks of incurring a chronic condition,
but since the only data available apply to certain changes, value
estimates nust reflect this.
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Anot her conceptual shortcomng of the framework devel oped
above is that it applies mainly to the values individuals place
on their own health. That is, individual willingness to pay is
the focus, while for benefit cost analysis these neasures nust be
adjusted to reflect societal wllingness to pay. This problemis
di scussed in section 2.4.3, and a prelimnary attenpt to value
sonme of the differences between individual and wllingness to pay
is made in the contingent valuation experinent discussed in

Vol ume 3. It is not entirely clear in which direction and to
what extent individual wllingness to pay is biased away from
societal wllingness to pay, but it seens likely that in general

individual willingness to pay will understate societal.

2.9.3. Interim Values for the Health Effects of Air Pollution

2.9.3.1. I ntroducti on

Based on the framework devel oped above (sunmarized in Table
2-13), and the studies reviewed in Volunme 2, this section
develops a set of interim values for the norbidity and nortality

effects due to air pollution. Gven that there exists a-good
deal of controversy regarding the proper estimation of the value
of health, this exercise mght seem prenature. There are two

reasons the developnment of the interim values is justified at
this time. First, a reasonably l|large body of work already exists
on the value of health. Since the studies often use different
nmet hodol ogies and do not always yield easily conparable values,
this body of work is not accessible to nmany policy-nmakers. So
one advantage of developing the set of interimvalues is that it
nmakes the results of this body of work available for applied
benefit-cost analysis. The second reason that the devel opnent of
interim values is a wuseful exercise is that it helps indicate
where further work is needed.

In section 2.9.3.2, the evidence from which the interim
values are developed is briefly discussed. The main criteria
used in judging the usefulness of this evidence are presented.
sections 2.9.3.3, 2.9. 3.4, and 2.9.3.5 detail the actual

devel opment of the interim val ues. Since so nany objective and
subjective judgenents are involved, these sections attenpt to
spell out in as nmuch detail as possible the considerations
i nvol ved. It is hoped that the details wll show the values
presented are reasonable, but providing the details wll also
show where different judgenents could be made, and how these
differences would affect the conclusions. To allow for sone

differences, low, nedium and high estimates are presented. This
range is not determned by the range of estimates from the

separate studies, but instead is fntended to include all
pl ausi bl e values, given the existing data Thus, it may narrower
or wider than the range of individual estinates. Finally, in

section 2.9.3.6 an exanple of using the interim values in
practice is given.
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2.9.3.2. Available Evidence on the Value of Health

The available evidence on the value of norbidity and
nortality is sunmmarized in Table 2-14 (acute or short-term
norbidity),. and Table 2-15 (chronic norbidity). The value of
nortality risks has been reviewed elsewhere, nobst recently by
Jones-Lee (1985). The estinates presented are limted to the
health effects Ilikely to be related to air pollution, as
di scussed above and summarized in Table 2-13. Al values are
expressed in terns of 1984 prices. For details of the derivation
of the values, see earlier sections of Volunme 2.

In judging the wusefulness of +the evidence presented in
Tables 2-14 and 2-15, the nbst inportant «criterion is how
conplete the value estimates are, in relation to the franmework
devel oped above. An inconplete value, no matter how precisely
estimated, vyields limted information on the true value of the
health effect. The conpleteness of the different estimates is
sunmarized in Tables 2-14 and 2-15. In general, the nost
conplete estimates cone from the contingent valuation studies.
The health production studies my or nmay not be conplete,
depending upon the specifics of the derivation. The cost of
illness studies are always only partial neasures of the value of
heal t h. Since the relationship between these partial values of
health and the conplete value is wunclear, the partial values
provide only corroborative evidence. A detailed discussion of
the estimates and the differences between them is presented bel ow
as a partofthe devel opnentofthe interim values.

Two inportant criteria concerning the wvalidity of the
contingent valuation studies are survey design and sanple size.
O her factors held constant, an inproved survey design or a
| arger sanple size should inprove the accuracy of the contingent
val uation estimates. The existing studies represent a tradeoff
bet ween survey design and sanple size. The study by Loehnman et
al. reflects the largest sanple of respondents, but at the cost
of using a mail survey. This design nay decrease the validity of
the results for various reasons as discussed in section 2.5, the
most i mportant problem being the inability to identify
unrealistic values or protest bids. The other contingent
valuation studies are based on personal interviews and may be
nore accurate as a result, but also represent snaller sanple
sizes. This tradeoff between survey design and sanple size nmeans
that no sinple rule favoring the largest sanple or the best
design can be applied in judging the validity of the different
estimat es.

Finally, sone nention should be made of the criteria used in
judging the results of the health production function approach.
As discussed in section 2.7, shortcomngs in the nethodol ogy and
data are seen as limting these results to being accurate only
within an order of magnitude.
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.-TABLE 2-14

VALUES OF ACUTE MCORBI D TY

Appr oach, study, Val ue Val ue Conponents | ncl uded
and health effect ($/day) dis- work time medi- preven-
confort lost lost cal tion

Cost of LlLLness

Hodson & Kopstein

(1984), Paringer

& Berk (1977) X X

--respiratory
illness 35

Contingent  Val uation

Tolley, et al.(1985)

- -cough 25 X X X X X
--sinus 35 X X X X X
--throat 29 X X X X X
--eyes 28 X X X X X
--drowsi ness 31 X X X X X
- - headaches 40 X X X X X
- - hausea 50 X X X X X
--cough, throat

and sinus 66 X X X X X
- - dr owsi ness,

headaches and

nausea 95 X X X X X
Loehman, et al.(1979)
--shortness of breath/

chest pains:

mld 8 X X X X X

severe 18 X X X X X
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Appr oach, study,
and health effect

- - coughi ng/ sneezi ng:
mild
severe

--head congesti on,
eye, ear, t hr oat
irritation:
mld

severe

Health Production
Cropper (1981)

-acute illness

TABLE 2-14

VALUES OF ACUTE MORBI DI TY

(conti nued)

Val ue
($/day)

11

13

176

Gerking,et al. (1984)

-acute illness

40

Val ue Conponents

dis-
confort
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TABLE 2-15
VALUES OF CHRONI C MORBI DI TY

Appr oach, study, Val ue Val ue Conponents | ncl uded

and health effect ($) dis- work time medi- preven-
confort lost lost cal tion

R W-m- - - ... f e emee meee e

CHRONI C LUNG CONDL TL ONS

Cost of |l ness

Freeman, et al. (1976)

--average case of:
enphysena 3194 X

Sci tovsky &
McCall(1976)

--average case of
pneunoni a 253 X
(non-hospital care)

Tolley, et al.(1985)

predi cted value of 1
day of relief for
person usually sick
(experienced 36 days of

synptom) for:
__cough 107 X X X X X
--sinus 82 X X X X X
--throat 163 X X X X X
--eyes 334 X X X X X
--cough, throat

and sinus 297 X X X X X
30 days of:
(given nornal health)
-- cough 167 X X X X X
--sinus 266 X X X X X
--throat 206 X X X X X
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TABLE 2-15
VALUES OF CHRONIC MORBI DI TY (continued)

Approach, study, Val ue Val ue Components | ncl uded

and health effect ($) dis- work tinme medi- preven-
confort lost lost cal tion

--eyes 236 X X X X X

--cough, throat
and si nus 625 X X X X X

Rowe and Chestnut (1984)
--average of 38
bad asthnma days 401 X X X X X
Loehman, et al.(1979)
one week of:

--shortness of breath/
chest pains:

mild 22 X X X X X

severe 57 X X X X X
- - coughi ng/ sneezi ng:

mld 13 X X X X X

severe 32 X X X X X

--head congesti on,
eye, ear, t hr oat

irritation:
mld 15 X X X X X
severe 33 X X X X X
90 days of:

--shortness of breath/
chest pains:

mld 56 X X X X X
severe 156 N X X X X
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TABLE 2-15
VALUES OF CHRONIC MORBIDITY (conti nued)

Approach, study, Val ue Val ue Conponents | ncl uded
and health effect ($) dis- Wwork time medi- preven-
confort lost lost cal tion

- - coughi ng/ sneezi ng:
mld 37 X X X X X
severe 81 X X X X X

--head congesti on,
eye, ear, t hroat

irritation:
mld 40 X X X X X
severe 99 X X X X X

CHRONI C HEART OCONDL TL ONS

Cost of Illness
Act on(1975)
--average case of
coronary heart 2703 X X
di sease
Hartunian, et al.(1981)

--average case of
angi na 604 X X

Sctivosky & McCall(1976)
--myocardial
i nfarction 11, 254 X X
Contingent Valuation
Tolley, et al.(1985)

angi na, various

endowrent s:
--1 mld day 66- 99 X X X X X
--1 severe day 124-279 X X X X X
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Appr oach,
and health effect

st udy,

--5 mld days
--5 severe days
--10 mld days
--10 severe days
--20 mld days

--20 severe days

CANCER

Cost of 11l ness

Hodson & Kopstein
(1984), Paringer
& Berk (1977)

--average case of
cancer

Hart uni an, et

--average first
of lung cancer

TABLE 2-15
VALUES OF CHRONIC MORBI DI TY (continued)

Val ue Val ue Conponents I ncl uded
($) dis- work tinme medi- preven-
confort lost lost cal tion
96 X X X X X
192 X X X X X
154-288 X X X X X
262-506 X X X X X
486 X X X X X
844 X X X X X
9742 X X
al.(1981)
year
29, 924 X X
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2.9.3.3. Val ue of Acute or Short-term Mrbidity
Severity of Synptons Val ued

The least serious health effects possibly associated wth
air pollution are various acute or short-term synptons. Five
separate sources of estimates for the value of a day of acute
norbidity are reported in Table 2-14. A brief description of the
estimates follows, wth enphasis on how the severity of the day
of norbidity valued differs. 1) The conbination of the Hodgson
and Kopstein (1984) and Paringer and Berk (1977) studies provides
a cost of illness value for an average respiratory illness. The
value is expressed in terns of an average or Restricted Activity
Day (RAD). (See Section 2.4 for details). 2) The Tolley, et al.
(1985) contingent valuation study provides values for a day of a

range of light synptons, alone and in certain conbinations.
Based on the descriptions of a "synptom day" given as part of the
contingent valuation experinment, it seens reasonable to interpret

these days as average RADS. 3) The Loehman, et al. (1979)
contingent valuation study provides values for mld and severe
days of several conbinations of |ight synptons. Since only a
short description of what is neant by mld and severe was given
as part of this experinent, it is somewhat difficult to interpret
t hese val ues. A mld day probably corresponds to a day of
disconfort, wthout any major restriction of activity. A severe
day can either be interpreted as an average RAD, or a nore
serious day involving work loss and/or confinenent to bed. 4)
The Cropper (1981) health production study can be used to derive
a value for a severe or work loss day (WD), in theory due to the

actual experienced acute illness or synptons caused by air
pol | uti on. 5) The study by Gerking and Stanley (1984) also
inplies a value for a day of experienced acute illness due to air
pol I ution. In this case, it is not clear what severity of a day

is relevant, though Gerking and Stanley (p.24) suggest that
interpreting it as an average RAD may be appropriate.

The severity of day valued in the above studies can be
broken down into three classes: a severe work loss day, an
average restricted activity day, and a mld day of disconfort

al one. Interim values for each level of severity are presented
in Table 2-17. A consideration in reporting this range of val ues
is the information available or likely to be available Iinking
air pollution to acute norbidity. For exanple, the study by

Ostro (1981) relates air pollution to WLDs, so a value of a WD
is required to use this study in benefit cost analysis. Ch_the
other hand, the study by Portney and Millahy (forthcom ng)
relates air pollution to RaDs, so a different set of values is

needed. Future work, such as that by the Rand Corporation using
data from the National Health Insurance Experinent, may link air
pollution to still different severity of days, such as a mld day

involving disconfort, or allow the linking of air pollution to a
specific synptom  The range of days valued is limted, however,
by the existing data.
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It is useful to make a prelimnary judgenent as to how the
values of different severities of days nmay conpare. Thi s
conparison allows a nore efficient use of the avail abl e evidence:
if we know how the value of a WD is related to a value of a RAD,
we can use an estimate of the value a WD as corroborative
evidence on the value of a RAD, and vice versa. Wiile the
relati onship cannot be specified exactly, useful evi dence
conparing different severities of synmptom days conmes from
Loehman, et al1.(1979). Respondents placed values on one day,
seven days, and ninety days of mld and severe synptons; the
nmedi an value for severe is always between two and three tines the
medi an value for mld. Unfortunately, as noted above, it is not
clear if a severe day should be interpreted as a an average RAD
or a WD. As a conpromse, it can be assuned that a severe day
as defined by Loehman et al. is internediate in severity between
an average RAD and a W.D.

In the preparation of interim values, the rule of thunb
roughly applied is that relief from an average day (a RAD) should
be valued about twice as nmuch as a mld day (disconfort); and
relief from a severe day (a WD) is twice as valuable as relief
from an average day. This allows for a slightly larger variation
in values from mld to severe than found by Loehman et al. It
should be re-enphasized that this rule of thunb is not used to
derive the values for different severities, but used to allow
some sort of meaningful conparisons between the different
studies, for corroborative purposes.

I ndependent Synpt ons- Average Severity

In the interim values presented in Table 2-17, six different
sets of estimates are provided for the values of an average day
(RAD) of acute norbidity due to air pollution. The first five
sets are for fairly specific synptons. These estimates are
derived principally from the Tolley, et al. (1985) contingent
valuation experinment, wth corroboration from Loehman et al.
(1979) when possible. As can be seen in Table 2-14, these
estimates from contingent valuation are conplete nmeasures of the
val ue of health.

The values from Tolley, et al. are used as follows. The
mean values based on the sanple including all plausible non-
protest bids are presented in Table 2-14: $35 for a day of sinus
probl ens, $29 for throat, $25 for a day of coughing or
respiratory problens, $28 for a day of eye irritation, and $40
for a day of headaches. These neans are seen as nedium
esti mates. Exam nation of the median values, the range of
val ues, and other aspects of the distribution of values from the
Tolley et al. study is also taken into consideration in the
general process of formng the range of values. These
consi derations suggest that for the Tolley et al. results the
mean value is the nost robust estinmate of an average individual's
willingness to pay.
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Estimates from the Loehman et al. (1979) contingent

val uation study can be used as corrobarative evi dence. They are
not exactly conparable, however, for several reasons. First, the
average day valued in Tolley et al. nmay be sonewhere between the
mld days and the severe days valued in Loehman et al., in terns
of severity. Al so, the Loehman et al. values are for
conbi nations of synptons, none of which are exactly the sane as
what is valued in Tolley et al., though several are simlar. For

instance, a mld day of coughing/sneezing is valued at $4, a
severe day at $11; and a day of shortness of breath is valued at
$8 for mld, and $18 for severe.

These val ues can be conpared to the Tolley et al. values for

a day of coughing, at $25 from above. The difference in the
values stens from Loehnman et al. 's use of nedian val ues. Usi ng
medi an values is generally not appropriate, given the nethodol ogy
of benefit cost analysis. It should be recognized that in a
random sanple or the entire population, it is reasonable that
some individuals will place very high values on their health. In
standard benefit cost analysis, justified by the potential Pareto
i mprovenment criterion, all individuals' values should be given

equal weight, even if the values are far above the average. |If
medi an val ues are used, however, the values of people with high
values are inplicitly given very Ilittle weight. So though
reporting nedian bids avoids overstating values due to the effect
of very high bids which may be inaccurate (i.e., not a true
reflection of wllingness to pay), legitimately high bids are
also given little weight.

If it seens likely that high bids have |ess informational
content than |lower bids, as seens to be the case for the Loehman
et al. study, the nedian may be a nore robust neasure of an
average person's wllingness to pay than the nean. However,
since legitimately high bids may also exist, nedians are judged
as likely to be underestinmates of the values desirable for
benefit cost analysis.

The median bids from Loehman et al. are used principally in
the devel opment of the |low range of estimates, though some snall
weight is placed on these values in the (subjective) calculation
of nmedium estimtes. Some weight is also placed on the nean
val ues from Loehnman etal., which are nmuch closer in magnitude to
the Tolley et al. estinmates. The outlier problem Loehman et al.
describes indicates these neans are overestimates, so only a
small weight is placed on them as well.

The interim values, based on the above considerations, for
average days of specific synptoms are as follows: Sinus at
$20(low), $35(medium), or $60 (high); throat at $10, $25 or $40;
respiratory synptons at $15, $30, or $50; eye irritation at $20,
$40, or $100; and headache at $30. $50, or $110. The | ow,
medium and high estimates reflect the considerations described
above, as well as sonme feedback from the devel opment of
addi tional values that follow
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Synpt om Conbi nati ons- Average Severity

In addition to valuing a day of specific synptons, the
evidence in Table 2-14 supports estimates for an average RAD due

a likely conbination of synptons that could result from air
pol | uti on. In this case, relevant estimates cone from the cost
of illness approach, health production studies, as well as
contingent valuation studies. For a RAD due to an average case
of acute respiratory illness, the <cost of illness approach
suggests a value of $35. This may be an overestimate of the
medi cal expendi tures and foregone earnings due to an air
pollution related illness, since this average includes the
influence of severe acute respiratory illnesses (e.g.,
pneunoni a) . However, the average is domi nated by a |arge nunber

of upper respiratory infections, which are presumably simlar to
air pollution related synptons.

In addition, the cost of illness estimate is not a conplete
neasure of the value of norbidity, since it fails to value
di sconfort, time lost from non-paid activities, and preventive or

averting expenditures. The $35 estimate is used as a |ower
bound, or |ow value estinate. It has been suggested that a cost
of illness (CA) value can be nultiplied by a rough adjustnent

factor to approximate a conceptually conplete wllingness to pay
(WTP) val ue. Rowe and Chestnut (1984) find WIP/CO ratios of 1.6
to 3.7, for asthma synptons; Tolley et al. find much |arger
ratios from about 3 up to 50, depending on the synptom (sone
ratios based on very small sanple sizes). Using a fairly
conservative ratio of 2 suggests that a true value would be $70
per average day of respiratory illness. This value is used as
one input in the devel opment of the nedium estinmate.

WIllingness to pay estimates from health production nodels
in principle value the health effects actually due to existing
levels of air pollution. Theoretically, the Gerking and Stanley
(1984) estimate of $40 includes all aspects of the value of
health, but due to data limtations this figure is probably nore
illustrative of the order of magnitude than of the exact val ue.
The Cropper (1981) estinate of $176 is derived from a theoretical
model that assumes disconfort and nedical expenses were
negligible, and in addition relied on the wuse of specific
functional fornms. Thus it also is probably nore indicative of
the order of magnitude. It applies to a severe work |oss day,
but if it is scaled dowmn by one-half to none-third, it yields a
value of $50 to $80 per restricted activity day. These values

serve a's additional inputs in the developnent of the nmedium
esti mat es.

The final estimates relevant to the value of an average day
of a likely conbination of synptons come from the contingent
val uation studies. In using these values, It is necessary to
make a judgenient as to which symptoms are nost |[ikely. Based
mainly on the dose-response literature, sinus, throat, and
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respiratory synptonms seem likely, wth sone possibility of
headache and eye irritation. Since it seens relatively unlikely
that all five synptons would occur in conbination is a single
day, the value of sinus, throat, and cough conbined from the
Tolley et al. study is used as proxy for any two or three likely
synptons. The nean bid is $66, which is used as an input in
formng the nedium val ue. Medi ans and other information on the
distribution of values are taken into consideration. The val ues
from Loehman et al. serve as inputs in formng the |ow estinates.
The interim values for an average RAD due to a likely conbination
of acute synptons are $35 (low), $50 (nedium), and $100 (high).

Severe Synptons

There is relatively little information from which to devel op
interim values for a severe or work |oss day of acute synptons.
As a definite |ower bound, such a day should be valued at the
earnings foregone, which on average would be roughly $80 a day.
The health production nodel devel oped by Cropper (1981) indicates
that this figure should be doubled to include the value of
preventive or averting expenditures, inplying a value of $176 for
the typical wage rate she uses in her illustrative example (in
1984 3). The rough rule of thunb that a severe WD should be
valued at twice the value of an average RAD supports this range.
So the interim values of a severe WD due to a |ikely conbination
of synptons are $80 (low), $125 (nedium, and $175 (high).

MI1d Synptons

To form interim values for a mld day of a likely
conbination of synptons is also difficult. The only direct
evidence is from the contingent valuation study by Loehman et al
(1979). The value estimates should be relatively conplete, but

are of somewhat questionable reliability. For conbinations of
mld synptons, the nedian values reported by Loehman et al range
from$4 to $8. The nean values for these conbinations range from
about $40 to about $80. As nentioned above, it is felt that the

medi ans are probably underestimates, but the neans may be
overestimtes, so the nedium value for a mld day of a likely
conbi nation of synptons should fall in the mddle of this range.

Applying the rough rule of thunb that a mld day should be val ued
at about one-half an average RAD indicates this range is
reasonabl e. So the interim values for a mld day of disconfort
due to a likely conbination of synptons are $10 (low), $25
(nmedium, and $50 (high).

2.9.3.4. Aggravation of Previously Existing Chronic Mrbidity

To move on from acute or short-term health effects, the
second nmmjor class of health effects to be valued is the
aggravation of previously existing chronic norbidity. Ar
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pol lution may have its npst significant inpacts on those already
with certain chronic conditions, so a change in air pollution
could cause either a marginal change in tinme spent ill (e.g., one
day), or possibly a non-marginal change (e.g., a week oOr nore).
However, due to fact that very little support has been found for
a link between air pollution and a large change in tinme spent
ill, and due to the limted information on the value of such
time, 1interim values are only devel oped for an additional day of
nmorbidity for those with previously existing chronic conditions.
Two types of chronic conditions are considered: lung and heart.

Lung Conditions

Chronic lung conditions likely to be aggravated by air
pollution include the very serious illness enphysena (or chronic
obstructive pul monary disease), and the less serious
ast hma/ bronchitis. To value an additional day of synptons due to
these conditions, the evidence on the value of acute respiratory
illness is clearly relevant. The per day values for the chronic

lung conditions should be higher than the per day values for
acute respiratory synptons, for two reasons. First, a synptom day

is likely to be nore severe for a person with a chonic illness.
Thus, only the values of an average RAD and the values of a
severe WD from the acute values are likely to relevant for
valuing chronic illness. Second, econom c theory suggests that
the marginal wutility of health should be dimnishing, so the
marginal disutility of sickness should be increasing. The

inmplication is that an individual who already experiences nany
sick days should value a change at the margin higher than an
i ndi vi dual who experiences few Support for this relationship is
found in Tolley et al.(1985) and other contingent valuation
st udi es. So even the values for a severe day of synptons for a
healthy individual nay be too |ow conpared to how an individual
with a chronic condition would value the sanme change.

The avail able evidence on the value of chronic norbidity is
presented in Table 2-15, and will be referred to in the ensuing
di scussi on.

Enphysena

For the value of an additional day of enphysema, there are
several pieces of evidence. From the results of the Tolley et
al . (1985) contingent valuation study, regressions were estimated
that relate the bids (values for a day of relief) to various
expl anatory variables, including overall health status and the
i ndividual's experience with the synptom Though these results
are based on a sanple of people with normal health, predicted

values for a chronically ill individual can be calculated by
evaluating the regression equation to correspond to sonmeone wth
a chronic condition. Thus the dummy variables were set to
indicate that the overall health status is low, and the

experience with the synptomis set at 36 days, the average nunber
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of RADs for an individual wth enphysema, according to the Health

I nterview Survey. This exercise results in predicted values from
$80 to $330 for single synptons, and about $300 for a conbination
of synptons. That the predicted value for the conbination of

synptons is lower than the predicted value for relief from eye
irritation is not expected, and is indicative of the degree of

confidence that can be attached to these results. Nevert hel ess,
they do give sone indication of the value a chronically ill
person mght place on relief from an additional day of illness,
and help to quantify the degree to which the values a day of
acute il 1l ness understate the values of an additional day of
enphysena.

Anot her piece of evidence on the value of an additional day
of enphysem synptons conmes from the Freeman et al.(1975) cost of
illness study. This study inmplies that an average case of
enphyserma involves $3194 of nedical expenditures and foregone
earnings, or an average of about $88 per restricted activity day
due to enphysena. It is inpossible to determne how this average
cost of illness conpares to nmarginal cost of illness, or what is
actually relevant, wllingness to pay for a marginal change in
days spent ill. Assuming average and narginal cost of illness
are simlar, this average figure should be an underestimte of
the willingness to pay, and applying the adjustnment factor of two
suggests that relief from a day of enphysema nay be worth about
$180.

The values for an additional day of enphysema available
produce a rather wide range. On the low side, the value should
be bounded by the value of an average or severe day of acute
respiratory synptons (medium interim values for these are $60 and
$125, respectively). On the high side, the predicted values from
Tolley et al. exceed $300. The interim values for the
aggravation of enphysema (per day) are $50 (low), $100 (nedium,
and $300 (high).

Ast hma/ Bronchiti s

To value an additional day of asthma/bronchitis, it is again

possible to use the values of a day of acute respiratory illness.
In this case, since asthma/bronchitis are less serious chronic
conditions than enphysema in general, the values for acute
illness may be nore useful. For the sane reason, however, it was

not possible to use the Tolley et al. (1985) estimated bid
function to predict values for a day of asthma/bronchitis
synptons different than the values for acute synptons.

Direct evidence on the value of relief from asthma is
avail able from the Rowe and Chestnut (1984) contingent valuation

st udy. In this study, about 80 asthmatics were asked their
maxi mum wi I lingness to pay to have the nunber of "bad" days they
actually experienced reduced by 50 percent. The average bid is
$401, for an average reduction of about 19 days. On average,

then, a bad day of asthma is valued at about $20. How this

2- 150



average value conpares to the wllingness to pay to avoid a
mar gi nal change can not be determ ned. Based on the results for
the value of a day of acute respiratory synptons, this $20 anount
seens |ow, perhaps because it is an average for 19 days rather
than a bid by a person with chronic asthma/bronchitis for a day
of relief at the margin.

The interim values for an additional day of
asthma/ bronchitis synptonms are set at $35 (low), $60 (nmedium,
and $100 (high).

Heart Conditions

Sone evidence suggests that air pollution may aggravate
exi sting chronic heart conditions, perhaps causing an individual
with heart disease to experience angina pectoris (chest pains).
The main evidence on the value of this type of synptom is found
in the Tolley et al.(1985) contingent valuation study on angina.
In this experinent, individuals who on the whole had Ilittle
experience with heart conditions were asked to value relief from
addi tional days of angina, given that they already experienced
(were endowed with) wvarious nunbers of days of the condition.
For a day of mld angina, the neans ranged from $66 to $99,

dependi ng upon the endownent. For a day of severe angina., the
nmeans ranged from $124 to $279. It is not clear if air pollution
woul d cause mild or severe angina. It is also notclearwhatthe

average experience of angina wwuld be for the individuals
affected by air pollution, so it is not possible to narrow the
range of val ues mnuch.

Potentially wuseful additional evidence is found in the
Hartunian et al.(1981) cost of illness study. Their cal cul ations
suggest that an average case of unconplicated angina pectoris
i nvol ves about $600 of nedical expenditures and foregone
ear ni ngs. It is not possible to discover how many synptom days
this average case involves, though, so this figure can not be
directly conpared to the per day values from Tolley, et al.

Wth relatively little evidence available, a fairly wde
range of interim values for an additional day of angina are
devel oped: $75 (low), $150 (nedium, and $400 (high).

Li kely Conbi nation of Lung and Heart Conditions

Depending on the data linking air pollution to health, it
may be known only that air pollution has aggravated chronic

illness, without specifying which illnesses. Thus, values for
the aggravation of a likely conbination of chronic lung and heart
conditions are also needed. To form these values, the basic

inputs are the interim values for the separate conditions. These
are conbined with the judgenment that the mgjority of chronic

conditions aggravated will be asthnma/bronchitis, wth enphysema
being the next nost likely chronic conditionaffected, and only a
small  nunber of heart conditions relevant. Thus the interim
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values for an additional day of a likely conbination of synptons
due to chronic lung and heart conditions are $45 (low), ¢80
(mediunm) and $190 (high).

2.9.3.5. Increased |Incidence of Non-fatal Chronic Mrbidity

In addition to the aggravation of previously existing
chronic conditions, it is possible that air pollution will cause
new cases of chronic conditions. This is an explanation as to
why air pollution is linked with higher nortality rates, and if
air pollution is causing fatalities associated wth chronic

illness, it presumably accounts for an increased incidence of
non-fatal chronic conditions. O course, ex ante it is
impossible to distinguish <conditions that will eventually be
fatal from those that will not, but it is useful analytically to
first <consider the value of the norbidity alone, and then
consider the norbidity that precedes nortality. So this section
focuses on valuing one year of a case of non-fatal chronic or
serious illness. First respiratory conditions are discussed, and

then heart conditions.
Lung Conditions
Enphysenma

The main piece of evidence on the value of a case of
enphysema is the estimate from Freeman et al. (1975) that on
average a case involves $3194 of nedical expenditures and
foregone earnings a year. Using the adjustnent that a conplete
willingness to pay neasure is at least twice the cost of illness
neasure of nedical expenditures and foregone earnings suggests
that a a case of enphysena nmay be valued at around $6500 a year.

Evidence to corroborate the cost of illness value is slim
Since a case of enmphysema wll involve on average at |east 30
days of restricted activity (see NCHS estimates), the values for
30 days of synptons from the Tolley et al (1985) contingent

val uation study nay be rel evant. This study found nmean val ues of
$166 to alnbst $500 for 30 days of a single synptom and a nean
value for 30 days of coughing, throat, and sinus synptons
conbi ned is $625. That these values are considerably bel ow even
the pure cost of illness estimate for a case of enphysema
probably stens from two factors. First, 30 days of synptons were

beyond the experience of nost of the respondents in the Tolley et
al. study, and a general result found in contingent valuation
experinents is that the values for unfamliar goods may be
i naccurately reported. Second, the synptons in the Tolley et al.
experiment are probably nmuch |ess serious symptons than those
experienced by an individual with enphysema, particularly one at
an advanced stage of the disease. Not nuch weight can be
attached to the Tolley et al. results, then, in formng a value
of a case of enphysena. The same problens apply to the Loehman
et al. (1979) contingent valuation results on the value of ninety
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days of synptons.

The interim values for one year of a case of enphysema thus
mainly come from the cost of illness estimate, wth the range
devel oped considering what reasonable adjustnment factors m ght
be: $3200 (low), $7000 (nedium, and $10,000 (high).

Ast hna/ Bronchiti s

Direct evidence on the vyearly value of a case of
ast hma/ bronchitis is found in the Rowe and Chestnut (1984)
contingent valuation study. As described above, the nean bid for
a 50 percent reduction in the nunber of "bad" days a group of
asthmatics actually experienced is about $400. As a very rough
appr oxi mati on, then, elimnation of a case of asthma for a year
coul d be valued at $800 or above, since elimnation would involve
a 100 percent reduction in the nunber of bad days as well as
reducing the nunber of days the individuals suffered from |ess

serious asthma synptons. Clearly, this extrapolation can not be
rigourously justified. In addition, the Rowe and Chestnut study
may not be typical for asthma in general. In this study, the

participants evidently suffered from fairly severe cases of
asthma; for instance, the average nunber of bad days of asthma is
76. The NCHS estinmates on the basis of the Health Interview
Survey that asthma involves only 15 restricted activity days per
conditon per year, and only 0.8 work-loss days per condition per
year. So the estimate of $800 a year for a case of asthma based
on the sanple of individuals in the Rowe and Chestnut study may
overstate the value of an average case of asthna.

Addi tional evidence on the value of a case of
asthma/bronchitis is available from a conparison with the value
of a day of acute illness. Since asthma/bronchitis are

relatively less serious chronic conditions (conpared to enphysem
for exanple), these values nay be fairly appropriate. As above,
the NCHS estimates that an average case of asthma involves 15
RADs, it also estimates that an average case of chronic
bronchitis' involves 7.5 RADs. Using the medium interim value for
a day of a likely conbination of respiratory synptons ($60), and
multiplying by 7.5 to 15 yields a range of $450 to $900. Thi s
range may be |low since a chronic illness is generally nore severe
and relief valued nore highly than an acute illness. The results
from the contingent valuation studies of Loehman et al. and
Tolley et al. are also of interest. The nedi an val ues reported
by Loehman et al. for a week of synptons are all well under $100
dollars, and even doubling these values to approximte the value
of 15 days of synptons yields at nost a value of $114. Judging
that these nedian values are too low, the nmean values from this
study can also be exam ned, i elding nuch higher values. The
Tolley et al. study values 30 days of synptons alone and in
conbi nation from $167 to over $800. This inplies that 15 days
(to correspond to asthma) mght be valued at $80 to $400, or 7.5
days (to correspond to bronchitis) at $40 to $200. Again, since
these values correspond to acute illness, they may in general be
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too | ow.

Based on consideration of the above evidence, the interim
yearly values for a case of asthma are $200 (low), $900 (nmedium,
and $1200 (high).

Lung Cancer

In addition to increasing the incidence of chronic 1ung
conditions such as enphysema and asthma/bronchitis, it is
possible that air pollution nmay increase the incidence of |ung
cancer. Valuing the small percentage of these cases that wll be
non-fatal rests largely on cost of illness estimates. Hartunian
et al.(1981) estimate that the first year of |ung cancer involves
al nost $30,000 of nedical expenditures and foregone earnings.

From separate <cost of illness studies (Hodgson and Kopstein
(1984) and Paringer and Berk (1977)) an average case of any
cancer inplies costs of alnost $10,000. Since lung cancer is

nore serious and thus nore costly than an average of all cancers
(including a large nunber of relatively non-serious neoplasns of
the skin), the $30,000 seens quite reasonable. Doubling this
estimate to $60,000 may approximate a conplete wllingness to pay
avoid a case of lung cancer.

Addi ti onal evidence that relief from cancer is highly val ued
is found in Jones-Lee (1985). As shown in Table 2-16, given a

choice of preventing 100 deaths from either cancer, heart
di sease, or notor vehicle accidents, nobst respondents preferred
to prevent the cancer deaths, and were willing to pay

correspondingly higher amounts to do so on the average. As
Jones-Lee (p.68) concludes, the results suggest that people
"would be wlling to pay very substantial sunms to avoid the
protracted period of physical and psychological pain prior to

cancer death." Simlarly, the results seem to also inply that
relief from the norbidity associated with even non-fatal cancer
is valued highly. So doubling or even tripling the cost of

illness estimate may be conservative.

The interim values for a case of non-fatal |ung cancer are
$30,000 (low), $60,000 (nedium, and $100,000 (high).

Heart Conditi ons

The incidence of non-fatal chronic heart disease nmay al so be
related to air pollution. The | east serious condition considered
is "angina pectoris unconplicated,”" defined as a case of angina
that does not include nore serious aspects of heart disease. On
average, Hartunian et al. estimate that such a condition involves
about $600 of nmedical expenditures and foregone earnings, which
doubled inplies a $1200 wllingness to pay estimate of the
conpl ete val ue of angina.
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Addi tional evidence cones from the Tolley et al. contingent
val uati on study. Mean values range from under $100 for relief
fromone day of mld angina, to over $800 for relief from 20 days
of severe angina. The values also depend on the initia
endowrent the respondents were asked to imagine they experienced.
For instance, the neanbidto relieve 10 mld days whentheywere
endowed with 10 mild days is about $154. Since the respondents
to this question are "buying" relief fromtheir entire endowrent,
this value is in effect the value of a case of angina that
involves 10 mld days. Simlarly, this study also inplies that a
case of angina involving 10 severe days is worth $262; a case
involving 20 mld days is worth alnost $500; and a case involving
20 severe days is worth $844. Wt hout know ng the nunber and
severity of days a case of air pollution-induced angina involves,
this range can not be narrowed. It should be noted that these
contingent valuation estinmates are conplete neasures of value,
but they may be inaccurate since respondents were relatively
unfamliar with angina before the experinent.

The interim values for a case of angina pectoris
unconplicated are $500 (low), $800 (nedium, and $2000 (high).

More serious heart disease, involving angina as well as
ot her conplications, may also be caused by air pollution. Again,
evidence on the value of a case of such an illness cones from
cost of illness and contingent valuation estimtes. Acton (1975)
estimates that a case of heart disease on average inplies $2700
of medical expenditures and foregone earnings. Sci tovsky and
M Cal | (1976) estinmate the nedical expenditures alone for a
myocardial infarction (a "heart attack") at over $11,000, but
clearly this is one of the nost serious outconmes of heart
di sease. Acton's estimate is judged to be nore representative
for the costs of an average condition. This inconplete value my
be doubled to approxinmate a conplete value neasure at around
$5500. Al ternatively, Acton’s estimate can be conbined wih the
Tolley et al. results on the value of angina. Since angina wl
often be one aspect of a serious heart condition, the values
reported above are again relevant, ranging from under $100 to
over $800. These values nmainly reflect the value of confort, and
are little influenced by the costs of illness. So it may be
apbropriate to sinply add the estimates of the value of angina to
the cost of illness value, suggesting a total value of over $3000
for an average case of heart disease. Prevention of nore serious
cases may have anuchhi gher val ue.

Thus the estimates suggest a range of interim values of
$2500 (low), $4000 (nedium, and $10,000 (high).

Li kely Conbi nation of Lung and Heart Condtions
In case it is known that air pollution increases the

i nci dence of chronic conditions, but the conditions involved can
not be specified (possibly because of data limtations), interim
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values for an increased incidence of a likely conbination of
chronic lung and heart conditions are useful. To develop this
range, the interim values for the specific chronic conditions are
conmbined with judgenments as to which chronic conditions are nost

likely to result from air pollution. It seenms that the
i kelihood of non-fatal conditions is probably inversely related
to the seriousness of the condition: ast hma/ bronchitis being
| east serious and nost likely to be caused by air pollution;
enphysema being next nost likely; heart disease is judged as
relatively wunlikely, with nost conditions only involving angina
pectoris unconplicated; and finally non-fatal lung cancer is
judged as being extrenmely unlikely. These judgenents and the

interim val ues devel oped above inply interim values for a likely
conbi nation of lung and heart conditions of $1700 (low), $3800
(nmedium, and $5900 (high).

2.9.3.6. Increased Mortality Risks

A good deal of evidence suggests that air pollution is
associated with increased nortality rates. Val uing these risks
i nvol ves two steps. First, the value of what mght be terned
"pure® nortality risks is estinated. This value corresponds to
the value of an unforseen instant death often estimated in the
"value of life" literature, wth no significant nmorbidity
precedi ng the death. However, air pollution at the levels found
in the US. could not cause such instant death, but instead nust
influence nortality rates by increasing the incidence or
aggravating the severity of chronic conditions. So the second
step in valuing the increased nortality risks due to air
pollution is to value different causes of death differently, to
reflect the differences in the nmorbidity preceding nortality.

A large nunber of studies, based on revealed preference as
di scovered through the hedonic analysis of |abor markets or
analysis of consunption activities, and contingent valuation
net hods estimate the value of nore or less pure nortality risks
or the value of an unforseen instant death (in a statistical
sense). These estimates are reviewed by Blonguist (1982),
Violette and Chestnut (1983), and Jones-Lee (forthcom ng).
Updated to 1983 or 1984 prices, all reviews suggest a range from
several hundred thousand dollars per statistical life, to
estimates of over five mllion dollars per statistical life.
Jones-Lee finds an overall nean of the revealed preference
studies of $2.06 mllion, and an overall nmean of the contingent
valuation studies of $2.35 mllion. Support for a value of
around $2 mllion also is found in the CGegax, et al study that
i ncorporates both wage hedonic analyis and contingent valuation.
So the interim values for an unforseen instant death are $0.5
mllion (low), $2 mllion (medium, and $5 mllion (high).

The low interim values for nortality from specific illnesses
are developed using calculations simlar to the "preval ence-based
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approach"” to estimating costs of illness. The calculations are
based on the fact that every current death due to a condition is
associated wth a much l|arger preval ence of cases that eventually
wll be fatal. For instance, if the average life expectancy with
a certain condition is 10 years, in a given year there wll be
one death and 10 person-years of norbidity preceding nortality.
To develop the low interim value for such a death, the value of
10 person-years of norbidity is added to the low value for an

unforseen instant death ($0.5 mllion). The yearly norbidity
values used are the nedium estimates developed for valuing non-
fatal chronic conditions. These are conservative values for the

value of norbidity preceding nortality, since eventually fatal
conditions are obviously nore serious and thus nore costly than
non-fatal conditions. In addition, no allowance ismade for the
psychic costs of immnent death. Wth these caveats in mnd, the
low interim values are $0.64 mllion for enphysema, $0.53 mllion
for ast hnma/ bronchitis, $0.58 mllion for lung cancer, and $0.54
mllion for heart disease.

In developing the nedium and high interim values, the
procedure used to estinmate the low values is considered as one
I nput . However, a mmjor attenpt is nmade to nore conpletely val ue
the norbidity preceding nortality, Significant evidence are
responses to a questionarre given by Jones-Lee et al (1985),
reported in Table 2-16. One question related to the seriousness
of different types of injury, from losing an eye to being
confined to a wheelchair for life or being permanently bedridden.
Since the study focused on notor vehicle safety, nobst of the
injuries described are not relevant to the value of chronic |ung

and heart conditions. However, as these conditions get
progressively worse (ending in death), they wll generally
i nvol ve prolonged periods of severe limtations of activity,
possibly to the point of confinenment to bed. This type of
outcone is probably nost likely with lung cancer and enphysens,
and to a lesser extent heart disease. How people rate being

confined to a wheelchair for life or being permanently bedridden
in the Jones-Lee et al survey is therefore relevant to the
nmorbidity preceding nortality associated wth |ung cancer,
enphysema, and heart disease. Jones-Lee et al found that about
one-half of the sanple of about 1000 individuals felt that being
confined to a wheelchair was as bad or worse than death. Over
one-half felt that being permanently bed-ridden was as bad or
worse than death, wth alnost one-third (30% ranking it worse
t han deat h. If these outconmes are viewed as at |east as bad as
death, it seens reasonable that an individual would be willing to
pay to change the risks of these outconmes approxinmately the sane
anount .he would be willing to pay to change nortality risks.
This inplies that the total value of a death from |lung cancer of
enphysema may be twice the value of an unforseen instant death.
The value of a death from heart disease, possibly involvi ng% a
smaller but still significant degree of restriction of activity,
shoul d also be valued a great deal higher than an instant death.
A death from asthma/bronchitis may involve much |ess restricition
of activity, so its value may be nuch lower than that of the
ot her conditions.
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TABLE 2-16
VALUES OF DI FFERENT KINDS OF MORTALITY
Conmparing Causes of Mortality
(Source: Jones-Lee (1985)

Cause of Death Prefer to have
Reduced (%)

Mot or Acci dents 11
Heart D sease 13
Cancer 76

*Value is a single paynent to reduce the nunber of
t hese causes by 100 next year. Value is not
statistical life.
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For reduction in
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7.35 mllion
13.23 mllion
23.12 mllion

deaths from
a value of



TABLE 2-16
(Conti nued)

SERI QUSNESS OF DI FFERENT TYPES OF | NJURY

Lose an eye

Badly scarred
for life, and in
a hospital for

a year

Confined to

a wheel chair
for the rest
of your life

Per manent | y
bedri dden

(source:

Not as bad
as death (%

.................................................................

92.1

87.5

48.6

36.7
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As bad
as death

5.0

1.7

27.7

33.4

Wor se than
deat h

2.8

4.7

23.8
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More evidence from Jones-Lee et al is available on the
relative values of deaths from cancer, heart disease, and
unforseen instant death (specifically, death from notor vehicle
accidents, which are assuned to be instant). As descri bed above,
when asked to choose between preventing 100 deaths from these
causes, a large majority (76% chose to prevent the deaths from
cancer, indicating that relief from the norbidity associated with
cancer is valued highly. The differences can be quantified to
sone extent by examning the anmounts people were wlling to pay
to prevent the 100 deaths from the different causes. Wiile the
question is not worded so as to elicit the value of a statistical
life, the ambunts should indicate the relative values for the
t hree causes. The means of the responses indicate that
preventing 100 deaths from heart disease nmay be worth al nost
twice what preventing 100 instant deaths is. Preventing 100
cancer deaths is valued at about three tinmes the value of 100
i nstant deat hs. This is additional evidence that doubling or
even tripling the value of an instant death nmay approximate the
value of a death from cancer or heart disease.

The medium and high interim values for a death from
emphysema, asthma/bronchitis, lung cancer, and heart disease are
based on considering the value of a simlar non-fatal condition,
and the evidence from Jones-Lee et al suggesting how the val ue of
an instant death may relate to the value of a deathprecededby a
prol onged period of norbidity. The low interim values are
prepared as described above, using a "preval ence-based" approach.
The interim values are: a death from enphysema at $0.64 nmllion
(low), $3.5 mllion (medium, and $9 nmillion (high); a death from
ast hma/ bronchitis at $0.53 nillion, $2.5 mllion, and $5.5
mllion; a death from lung cancer at $0.58 mllion, $4 mllion,
and $10 mllion; and a death from heart disease at $0.54 mllion,
$3 mllion, and $7 mllion.

It is particularly inportant to have a value for an
"average" death due to air pollution, since nost studies |inking
air pollution and nortality rates do not specify the diseases
responsible for the increased nortality. Thus we derive a value
that is a weighted average of the value of all causes of death
likely to be related to air pollution. In this case, the weights
attached are directly related to the seriousness of the
condi ti on. Lung cancer is judged as causing the majority of the
increase in nortality, wth heart disease and enphysema also
being signficant. A low weight is attached to asthma/bronchitis,
since fatalities from these conditions seem unlikely, and no
weight is placed on the value of an unforseeninstantdeath. The
interim values for a weighted average of all causes of death are
$0.58 nillion (low, $3.8 mllion (nedium, and $9.4 mllion

(hi gh) .
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TABLE 2-17
INTERFM ' VALUES FOR MORBIDITY AND MORTALITY EFFECTS

CF AR POLLUTI ON
Val ue Esti mate
Cat egory Low Nedi um H gh
Acute or short-term
morbidity

average day (restricted
activity day):

--sinus $20 $35 $60

- -t hroat 10 25 40

--respiratory synptons 15 30 50

--eye irritation 20 40 100
- - headache 30 50 110
--likely conbination 35 60 100
severe day (work |oss

day):

--likely conbination 80 125 175

mld day (disconfort):
--likely conbination 10 25 50

Aggravati on of previously
exi sting chronic norbidity

{per day)

l ung conditions:

- -enphysena 50 100 300
--asthma/ bronchitis 35 60 100
heart conditions:

--angina, possibly wth

ot her heart disease 75 150 400

--likely conbination of
| ung and heart 45 80 190
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TABLE 2-17
INTERFM VALUES FOR MORBIDITY AND MORTALITY EFFECTS
OF AIR POLLUTI ON
(conti nued)

Val ue Estimate
Cat egory Low Medi um Hi gh

I ncreased | ncidence of
Non-fatal Chronic Mrbidity
{per case per year)

 ung conditions:

--enphysema $3, 200 $7, 000 $10, 000
--ast hma/ bronchitis 200 900 1, 200
--lung cancer 30, 000 60, 000 100, 000

heart conditions:

--angi na unconpl i cat ed 500 800 2,000
--other heart disease 2,500 4, 000 10, 000

--likely conbination of
l ung and heart 1,700 3, 800 5, 900

Mortality
{per statistical life)

--unforseen instant death S omill. 2 mll. 5mll.
- -enphysena .64 m 3.5 m 9 m
--asthma/ bronchitis .53 m 2.5 m 5.5 m
--lung cancer .58 m 4 m 10 m
--heart disease .54 m 3m 7 m

--wei ghted average of
al | causes .58 m 3.8 m 9.4 m
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2.9.3.7. Using the Interim Values in Practice

To illustrate the usefulness of the interim-values, this
section calculates the benefits of a hypothetical program
improving air quality in sonme certain area. To focus on the

probl em of valuation, suppose the health effects of the program
are know (either from health econonetrics estinmates or dose-
response relationships), and the question that remains is how the
value the effects. A medium or best estimate of the value of the
effects uses the nedium interim values from Table 2-17 for the
rel evant categories. For acute or short-term illness, it is
estimated that the program will reduce the nunber of restricted
activity days experienced by the general population by 1000
per son- days. Using the nedium interim value for a likely
conbi nation of synptons, each of these days is worth $60, so the
total value of the change in acute illness is $60,000. The
program will also inprove the health of sensitive popul ations by
reducing the extent to which air pollution aggravates existing
chronic lung and heart conditions. Some of those with enphysema
will experience fewer synptom days, for a total of 200 person
days of relief. Each of these days is given a nedium value of
$100. For those wth asthma/bronchitis, 300 person days of
relief result fromthe program and each of these days are val ued
at $60. Finally, those with existing heart conditions experience
a total of 100 fewer days of angina, valued at $80 each. Thus
the total value of the reduced aggravation of existing chronic
conditions is: (200 x $100) + (300 x $60) + (100 x $80) =~
$46. 000. In addition, the incidence of chronic lung conditions
is reduced as a result of the program In one year, with the
program there are 10 fewer new non-fatal cases of enphysenma than
there would have been w thout the program Val ui ng each case at
the medium value from Table 2-17 gives that this change is worth
10 tines $7000, or $70, 000. The program also results in a
reduction of 20 non-fatal cases of asthnma/bronchitis, valued at
$900 each for a total of $18, 000. Finally, in a given year the
nortality due to lung cancer is reduced by tw deaths, each
valued at $4 mllion.

The value of +the health effects from this hypothetical
program can be summarized as foll ows. The reduction in acute
norbidity that results from the program is valued at $60, 000.
The reduction in aggravated chronic norbidity 1is valued at

$46, 000. The reduction in the incidence of non-fatal chronic
conditions is valued at $88, 000. The two statistical |ives saved
are valued at a total of $8 mllion. So the total value of the
program using the nedium interim values, is $8.134 mllion.

In a benefit cost analysis of the hypothetical program then
the health effects resulting inply benefits of over $8 mllion.
Any other benefits should be added to this value, and then the
costs can be conpared to the benefits to see if the programis
justified. To check the sensitivity of the decision to the
health benefits estimate, alternative estimates of the health
effects could be conputed using the low and high interim val ues
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from Table 2-17. In practice the health effects would not be
known with certainty so a range of health effects possible could
be given a range of values for the sensitivity analysis.

Though the above exercise is entirely hypothetical, it does
illustrate the use of the interim val ues. In addition, it is
interesting that the change in nortality risk domnates the total
of the value of health effects, even though only two deaths were
prevent ed. This is likely to be a fairly general result, because
the value of nortality risks is so many orders of nagnitude above
the values of norbidity. This suggests that the enphasis that
has been placed on linking air pollution to nortality may not be
i nappropri ate, because of the inportance of nortality, in both
dollars anmounts and in human terns.
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