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| NTRODUCTI ON

In the last two decades, the role of epidemology in
providing data for public health policy makers has becone
nore promnent than any time in the history of this
discipline. |Its greatest advantage is that it provides
direct human evidence of the health outcones from various
environnmental exposurs, unlike animal nodels. However,
there are many caveats that need to be attached to these
data. The objective of this paper is to review sone of
the basic limtations to the epidemologic nethod, both
in study design and in interpretation of the data. The
perspective that | wll present is that of an
epidemologist in a public health agency. The Centers for
Di sease Control does not engage in the devel opnent of

regul ations or have a large program in risk assessment.



Qur principle function is to serve the state and | ocal
health departnents by offering advice and assistance when
necessary through field investigations of potential

public health problens-in our case,

environment al | y-i nduced disease. This involves the
identification of study hypotheses, designing the study,
devel oping the necessary survey instrunents, collecting
health data, analyzing this data, and finally offering
our interpretation and recomendations. Basically we
engage in the classical epidemologic nethod of

hypot hesis generation and testing through field

i nvestigations. Consequently, ny talk today is focused on
the techniques involved in acquiring these data, and

exam ning the strengths and weaknesses of these data as
they relate to various interpretations of their neaning
for use in risk assessnents, regulatory actions, or

public health policy decisions.

DESCRI PTION O EPIDEM OLOG C  METHODS

The assessment of effects on humans of various
environmental exposures relies heavily upon the results
from testing of animal nodels and clinical and

epi dem ol ogi cal studies. However, the nobst inportant
advantage that epidem ol ogical studies have over aninal
investigations is that they provide direct evidence of

the effects of toxic exposures in humans. Conversely,



human studies are difficult to conduct properly and the
interpretation of the results from these studies mnakes
life difficult for both regulators and policy nakers.
Part of the problem in interpretation stens from the
design of these studies which can be very conpl ex.

Anot her problem is dealing wth the inherent biases which
inevitably creep into the interpretation of the data, no
matter how thoroughly these have been addressed either in
the study design or analysis. This stens from the fact
that, with the execption of clinical trials,

epi dem ol ogi cal studies are observational by nature, not
experinmental. Not only do humans vary widely in their
response to toxic agents but they vary also in their
capacity for response as well as in their exposure to
factors such as alcohol and tobacco, which nmay may
greatly nodify the nature or severity of their responses
to toxic exposures. (One exanple would by the relation

bet ween radon exposure and cigarette snoking which could
either be additive, submultiplicative or nmulplicative
dependi ng upon which data is reviewed and which nodel is

applied to that data.

Despite these difficulties, techniques for the evaluation
of data from human studi es have been devel oped and
refined. The epidem ological nethod has matured to the

point that it has withstood the criticism that it is



i ncapabl e of establishing the etiology of disease.

Epi dem ol ogi cal inferences have been sustained and
corroborated by the results of toxicological and

bi ochem cal studies, and epidem ology has proven to be a
powerful tool for the exploration of both qualitative and
gquantitative cause-and-effect relationships between

envi ronmental exposures and human di sease. However, there
is still much to be done, especially at the rather |ow

| evel s of exposures that nost human popul ations
experience, to further refine the tools of epidem ology.
I would now like to briefly discuss sonme of the various
study designs used in epidemology. Next | wll address
sone of the sources of bias in epidemologic data, and
conclude with a discussion on interpretations of
causality based on data derived from epi dem ol ogi cal
studies. Two areas of study which I wll not discuss in
any detail today are the appropriateness of animls nodels
as they apply to risks in humans and the use of

bi omarkers as indicators of risk in epidemologic
studies. The mmjority of our experience at CDC has been
concerned with collection and interpretation of
epidemiologic data so the principal focus of nmy talk wll

be on that process.

The mpbst conmonly used designs in epidemology are: 1)

case reports; 2) ecological or correlational studies; 3)



cross-sectional studies; 4) case-control studies; and 5)

cohort studies.

1. CASE REPORTS

Case reports identify one or nore cases of a disease that
have been detected by clinicians, by conmpany or union
officials, or by through active surveillance or passive
reporting such as cancer registries. The first recorded
case studies of environnental disease were Sir Percival
Pott’s observations of scrotal cancer anong chimey
sweeps in London. Publication of such case reports often
constitutes the first recognition that a problem of
environmetal ly induced disease exists, and subsequent
epi dem ol ogi cal assessnent proceeds from this
recognition. A nore recent exanple includes the first
recorded cases of AIDS by clinicians at UCLA nedical
center in 1978. In a case series, an inference of causal
associ ati on between causation and an environnmental agent
is based on the plausibility of the follow ng
considerations: clustering of the cases in a limted tine
frame; the relative rarity of the types of diseases
observed; a history of comon environnental exposure; an
the apparent strength of the association. The nobst conmon
use of case reports are hypothesis generation,

surveillance, and case registries



Surveill ance

The case report has historically been an inportant”
surveillance tool, especially for recognition of

i nfectious diseases. Cccupational case reporting has been
useful in terms of reporting occupational injuries for
wor kman’ s conpensation, but not so nuch for occupational
di seases due to the long l|atency period between exposures
and disease. A nore recent use of case reports as a
surveillance tool is for the identification of senital
health events. These are cases of disease associated wth
wel | -characterized causes whose appearance signals a
breakdown in nechanisns for disease prevention. This

nmet hod has been applied with success in the reduction of
maternal and infant nortality and has been extended to

such environnental illnesses as |ead poisoning.

Case Registries

O her surveillance systens relying on case reports
include case registries, such as the CDC D oxin Registry
or workers suspected of having been exposed to dioxin.
These exposure registries perform the task of grouping
potentially high-risk populations for future

epi dem ol ogi cal  studi es.

An advantage of case reports over nost other types of

epi dem ol ogi cal studies is their low cost. In addition, a



short lag tine between identification of cases and
dissem nation of information is nore typical of case
reports. However, relying on case reports as an early
warning system is |ess useful when:
1) the cases are sporadic;
2) the relative risk is |ow
3) the outcone is a comon disease or a synptom
with nultiple common etiologies such as |ung
cancer or heart disease,
4) there is a long latent period between exposure
and effect; and
5) there is a continuum of disease and health and
no clear distinction between cases and noncases is
possi ble, for exanple, prenalignant dysplasia and

carcinoma in_situ.

In addition, case reports can provide only a rough
estimate of disease frequency, in that they give no
information on the size of the population at risk and
thus nake it inpossible to calculate a disease rate.
Finally, case reports are difficult to generalize to a
popul ation since the population from which the cases are

identified is not usually well defined.

2. CORRELATIONAL OR ECOLOG C STUDI ES

Anot her type of descriptive tool used by epidemologists

is the so-called correlational or ecologic study, which



uses data from entire populations to conpare disease
frequencies between different groups during the sane
period of time or in the sanme population at different
points in tinme.

As an exanple of the forner, correlational studies have
suggested that various dietary conponents, in this case
per capita neat consunption, nmay be risk factors for
colon cancer. Figure 1 shows the correlation between per
capita consunption of neat and rates of colon cancer in
wonen from a large nunber of countries. As apparent from
this figure, the rates of colon cancer are lowest in
countries with the lowest per capita neat intake and vice

ver sa.

Figure 2 illustrates the change in disease frequency
within the sane population over tinme. In this slide, the
difference between tge approximately 820,000 deaths from
coronary heart disease that would have been expected in
the United States if the 1968 rates had continued to
apply and the approximately 630,000 deayhs actually
observed. Such data suggest two possible explanations: 1)
that the decline in deaths from coronary heart disease
could be due to prevention due to inprovenents in
life-style habits and consequent risk factor reduction,
and 2) that while the rates of CHD did not decline,
persons were surviving longer due to inprovenents in

medi cal managenent of CHD.



Wiile correlational studies are useful in devel oping
hypot heses for study, they cannot be used to test them
because of a nunber of imtations inherent in their

desi gn.

1) Correlational studies refer to popul ations
rather than to individuals. Therefore, it is not
possible to link an exposure to occurrence of

di sease in the sane person.

2) The distribution of other risk factor’s which
may account for different rates of a disease, may
be differentially distributed anobng populations.

This is known as the "ecologic fallacy".

3. CROSS- SECTI ONAL  STUDI ES

Anot her type of descriptive study design is the
cross-sectional survey, in which the status of an
individual with respect to the presence or absence of
both exposure and disease is assessed at the same point

in time. For exanple, the Health Interview Survey is a

national cross-sectional study that periodically collects

extensive information by questionnaire from a sanple of
over 100,000 persons throughout the United States. These

studies often rely on personal interviews or



questionnaires to obtain denographic information,
synptomatic, and exposure data on clinical evaluations
based on physical examnations and |aboratory and
environnmental sanpling data to identify the
characteristics of the sanple population and to
guantitate exposure to potential risk factors. An
advantage of the cross-sectional survey is the rapid
estimation of nunerator values for determning frequency
or prevalence rates of both exposure and effects.
Limtations of this nethod include the inability to

di stingui sh whether the exposure preceeded the

devel opment of disease or whether the presence of disease
affected the individual’s |evel of exposure, since
exposure and disease are assessed at the sanme point in
tine. Cross-sectional approaches have limted useful ness
in cancer studies because of the usual |ow preval ence of
cases. It is also extrenely difficult to quantify
exposure in cross-sectional studies. However, for factors
that remain unaltered over tinme, such as sex, race or

bl ood group, the cross-sectional survey can provide

evidence of valid associations.

Five common pitfalls can be found in the cross-sectional
nmet hod. These are:
1) Selection bias, in that a nonrepresentative
sanple of the population may be surveyed, limting

the generalizability of the survey results;

10



2) Confounding bias, which can result for factors
related to both exposure and outcome, such as age;
3) Inadequate sensitivity of the survey
instrunents. This includes specificity, which is
the ability to detect "true" negatives, and
sensitivity or the ability to detect "true"
positives;

4) Lack of standardization of the instrunments used
for data collection, which may prohibit the
pooling of data from multiple surveys; and

5) Inadequate validation of either exposures of
health outcomes, resulting in msclassification of

ei ther category.

Sunmmari zing, in general, cross-sectional studies are
useful for raising the question of the presence of an

association rather than testing a hypothesis.

The next two types of epidemologic studies are
observational in design. These are the case-control study

and the cohort study.

In theory, it is possible to test a hypothesis using
either design strategy. In practice, however, each design
offers certain unique advantages and disadvantages. In

general, the decision to use a particular design is based

11



on the features of the exposure and disease, the current
state of know edgeand |ogistic considerations such as

available time and resources.

4. CASE- CONTROL _ STUDI ES

In the case-control study, a case group or series of
patients who have a disease of interest and a control or
conparison group of individuals wthout the disease are
selected for investigation, and the proportions with the
exposure of interest in each group are conpared. Lung
cancer patients, for exanple, can be conpared to persons
wi thout that disease for differences in exposures, such
as cigarette snoking, occupational exposures, and radon
levels in the hone.The relative frequency of
distribution of the exposure in the case and control
groups is wusually evaluated by conputing an odds ratio
which is defined as the product of the nunber of exposed
cases and unexposed controls divided by the product of

t he unexposed cases and exposed controls. This is also
sontimes known as the cross-product odds ratio because of

the manner in which it is calculated.
Case-control studies can be conducted relatively rapidly.

Many simul taneous exposures can be evaluated in relation

to even the rarest disease. Hower the sequence of

12



exposure-health event is often difficult to assess if the
case population includes patients selected from
historical records. If the disease studied is rapidly
fatal, interviews with surrogate respondents nay be
required which may result in msclassification of
exposures. The individual exposure status is often
difficult to quantify with any precision, especially in
environmental studies, and control of possible
confounders may require a conplex design or analysis.
Consequently, only environmental exposures with a high
preval ence and relative strong toxic effect are

effectively studied by the case-control method.

In a cohort or followup study, the study population is
divided on the basis of exposure status. For exanple, in
a recent study of the health effects of volatile organic
conpounds in M chigan, we assenbled study cohorts on the
basis of whether or not VOC S were detected in their well
water and if they had lived for a specified period of
time in the study area. Residents who had noved away
prior to the initiation of the study were still eligible
for inclusion in either the exposed or unexposed cohorts.
Once the exposure status of the study cohorts has been

determned, which is sonetines quite conplex and can

13



result in msclassification of exposure status thus
biasing the study outcone towards the null hypothesis of
finding no effect, the history of disease is determ ned
in both the exposed and unexposed groups. The rate of

di sease in the exposed group is conpared to that in the

unexposed group resulting in a relative risk of disease

which could be due to the exposure being studied. This is
also called the rate ratio since it is sinply the ratio
of two incidence rates. Both of these neasures of
association include a factor for followup tine known as
the person-year. This is sinply defined as the interval
from the tine exposure began to the date of diagnosis of
di sease, death, l|oss-to-followup or, if disease-free, an

arbitrary date.

The strengths of the cohort approach include the

fol | ow ng:
1) the sequence of exposure and health outcone can
be studied;
) many health outcones can be evaluated wth
regard to the one exposure of interest (although
this may have becone a problem in sone studies as
mul tiple conparisons inevitably lead to at | east
one “significant” finding);
3) the initial exposures can be quantified through

historical records or even nore so if there is a

14



bi ol ogi ¢ marker of exposure such as blood or bone
| ead |evels;

4) rare exposures can be studied;

5) collection and analysis of potential
confounding factor is possible; and

6) absolute risks may be calculated for use in

public health prevention strategies.

Sone of the drawbacks to the cohort approach are the
expense and difficult logistics of these studies, the
potential for msclassification of exposure and disease
outcorme resulting in a biased estinate of risk, and the
inability to study rare disease because of the very large
popul ati ons necessary for study. This latter drawback is.
inmportant in studying the effects of |owlevel
environmental exposures. Because the anticipated risk of
t hese exposures is low, very large nunbers of exposed
persons are required for study if the outcone is to have

any decent statistical power.

PROBLEMS 1IN CURRENT STUDY DESI GNS

From the previous discussions, four areas of mgjor
probl ens becone evident: 1) the assessment of the
exposure-response sequence; 2) quantification of

exposure; 3) recognition of bias and confounding; and 4)

15



guality and validity of data. Cearly, a very conplex

study design may be required to yield useful results.

Measures to inprove the usefulness of human studies for
risk assessnment purposes include the extension of the
duration of followup tinme, assessing the tine conponent
in exposure and disease diagnosis, focusing on
potentially high-risk populations for study, and quality
assurance of information on exposure and disease. Wiile
nost of these neasures are in the area of Ilogistics and
funding, an inportant exception is inprovenent of the

guality of the exposure data.

In the past decade, developnent of environnental exposure
nmesures has been very rapid. Detection limts for
chemicals in environnmental media have dropped by three to
four orders of nagnitude, and the progress of tests for
sonme chemicals in biological nedia is alnost as

i npressive. The detection limts for dioxin in sera, for
exanple, is now neasured in parts per quadrillion.
Unfortunately, little progress to date has been found to
be of practical use in epidemologic analysis and risk
estimation. For instance, issues of background |evels,

bi ol ogi cal persistence, adaption nechanisns, absorption
kinectics, saturation of netabolic pathways, and the
impact of an individual’s characteristics on the

pat hogenetic process have not been addressed in nost

16



epi demi ol ogi ¢ study designs, and, for the nost part, have

yet to enter the area of regulatory risk assessment.

There are other practical exposure issues that need to be
addressed such as noncontinuous or fluctuating exposures,
the cause of interspecies differences, and whether or not
an observed dose-response relationhip is stable over a
wi de range of dose levels. W will also see an increasing
demand to incorporate quality assurance and quality
control in epidemologic studies with regard to matters
other than |aboratory work. For exanple, it is of utnost
i mportance to make certain that the disease of concern is
followng and not pre-dating exposure. Finally, there is
the issue of the quality of the diagnostic criteria for a

case Oor a non-case.

The quality of diagnosis becones a very central issue
when it comes to scenarios of |ocalized environnental

pol lution, for exanple, at a chemical dunp site, and
residents with nonverifiable and subjective conplaints,
which may be real to them sucah as headache, fatigue,
nausea, chest pain, and loss of libido. Currently, there
is an inclination anong epidem ologists to ignore or
disqualify this so-called “dunp-site syndrone” from
serious study. However, such an attitude is usually
followed by a deterioration of a conflict situation

between citizens and authorities. There are many

17



i nstances where eventually epidemologists have been
forced by heavy and relentless public and political
pressures to conduct studies of such perceived illnesses.
In doing so, they will have to derive nethods to cope
with non-verifiable health outcomes, while nmaintaining
scientific integrity and credibility. In theory, it
should be possible to either solve the problens wth
statistical tools, or by developing tests for the kinds
of conplaints often described as enotional or
behavioral. CDC staff are currently devel oping and

applying such tools to several |arge studies.

Statistical methods usually fail since the situation at a
dunp site is inherently associated with an abundance of
negative publicity, usually in the direction of stating
the association of voiced conplaints with exposure, or
even just living near a dunp site, as a fact. This
scenario often results in serious reponse biases for
persons who perceive they nmay be exposed. | do not forsee
t hat behavioral toxicology, an exciting new field of
research, can provide us in the near future with the
appropriate scientific tools to address currently

nonconfirmable conpl aints.

DEVELOPMENT OF MOLECULAR EPI DEM OLOGY

A special problem both in animal and human studies, is

18



that current designs deal with observed disease, which is
a nore or |less advanced stage of a toxic effect. In

ani mal studies, nost diseases are observed in noribund or
sacrificed animals. In humans, disease detection is
usually in an earlier phase by virtue of man’s ability
for detailed conmunication. However, even comobn diseases
such as cancer, arthritis, hypertension, and diabetes
still pose unresolved problens in assessing the date of
onset. Estimates of this date may differ by many years,
and this would offset greater accuracy in exposurenent.
The | ogical response to this problem is to devel op
techniques to diagnose the disease in the earliest

possi ble stage. But the question then arises: “Wuat is
earliest possible?" An aggressive biopsy reginen for

di seases such as cancer and kidney disease may shift the
date of diagnosis from nonths to years earlier. Certain
inborn netabolic disorders can now be detected
prenatally. The use of electron mcroscopy has brought us
closer to the early onset of renal disease.

Unfortunately, these striking inprovenents in early

di agnosis require invasive procedures. This is a serious
handicap to epidemologic studies, especially those
involving environnmental rather than clinical or
occupational exposures. This explains the increasing
interest of epidemologists and risk assessors in the use
of biomarkers indicating past exposures or early stages

of tissue dysfunction, for exanple, DNA-adducts.
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VALADI ATION OF ASSUMPTIONS FROM EPIDEM O.OE C STUDIES FOR

REGUATORY PURPOSES AND PUBLIC HEALTH PO CY DECI SI ONS

Finally, 1 wuld like to discuss the interest of
epidem ol ogists in the validation of a nunber of
assunptions used in risk assessments for regulatory
purposes or public health policy decisions. One of these
is the assunption that the presence of a toxic chem cal
in the environment automatically inplies exposure, and
that that body dose is proportional to environmental
concentrations. This assunption leads to the often-used,
but nevertheless incorrect practice of assumng that the
concentration of a chemical in nedia such as soil, air or
water is a direct neasure of the anount of chemicals
absorbed in the human body. Wrse, w thout nuch thought
it is often considered identical to the challange to the
organ or tissue interest when determ ning acceptable
exposure levels. Studies into the relation between
environmental presence, human exposure, and
organ-specific dose are increasing in nunber.

The findings from these studies have sonetinmes been
contrary to expectation. For exanple, at the CDC, studies
have shown that the concentration of arsenic, PCB S,
mercury, and lead in the soil of a neighborhood is only
partly related if at all to the levels in the biologic
specinens of residents. In this light, it is inportant to

recogni ze the inportance of well-conducted research with

20



negative findings. Such research is critical to our
understanding of the effects of toxicants on human

bi ol ogy. Moreover, such findings help concerned
scientists to inform the public of true risks and allay
undue anxiety. |Indeed, despite the abundance of available
data to date, the relation between environnmental
concentrations of chlorinated hydrocarbons such as DDT,
dioxin, and PCB'S, and human sera or adi pose sanpl es,
remai ns unclear, and the relation of these levels of body
burdens to clinical disease renains uncertain.

To date, epidemologic studies alnost never prove cause
and effect, though in a few instances, reasonable people
woul d accept sonme of them as such. For exanple, in

| ooking at the pathway of exposure and body burden, the
association of the reduction of l|lead used in gasoline
production and the reduction of nean blood lead levels in
the U S. population is striking. Over a 4-year period
when the |ead phasedown in gasoline was occurring, we
were conducting a study of blood lead levels in the U S
popul ation using data from the Second National Health and
Nutrition Exam nation Survey or NHANES-2, an exanple of a
cross-sectional study. Two things, declining blood |ead
levels and lead used in gasoline production were highly
correlated. W renoved over 100 potentially confounding
variables from this association in the analysis and the
coefficient of correlation did not appreciably change.

Yet many epidemologists stated that this did not provide

21



adequate evidence of cause and effect. The only way to
unequi vocal ly prove cause and effect in this situation
woul d be to conduct an experinmental study where children
were placed in chanbers and breathed air with different
lead levels and then neasure their blood |ead |evels.
This experinent, of course, would be entirely unethical
and would not be supported by society. Studies conducted
in humans nust wuse only inadvertent exposure or natural
experiment s* such as that occurred with water

fluoridation and dental «carries.

Proper use of epidemologic data can |lead to inportant
collective public health benefits. On the other hand, to
press such data into service to respond to causal effects
for an individual’s disease holds high potential for

m suse of the data.

W will continue to respond to specific incidents of
human exposure to toxic or hazardous substances. W wll
al so continue our efforts, through epidem ol ogic

techni ques, to neasure both the immediate and |ong-term
health effects and to nake sound recommendations for the

attenuation of these potential risks.

Al though the results of such epidemologic investigations
may not provide the conclusive answers about health risks

from environnental exposures, which are now in such
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demand and so prevalent in the nedia, we have hope that
we can study and detect these associations where they
exist, so that prudent public health actions can be
taken. Thus, we see the ultimate role of epidemology as
one of prevention, Wich is the nost effective public

health policy to inplenent.
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Abstract

Previous work has shown that there is a six fold increase in
the risk of death from nelanoma for white males born in the 1940's
when conpared to white males born in the 1880's and 1890's. For
wonmen the sane ratio is slightly less than three. Accepting the
hypothesis that nost nelanoma is caused by exposure to solar
radiation, an investigation of <changes in residence patterns,
occupation, and outdoor recreation is nade to see if the changes
in cohort risk can be explained by changes in factors related to
exposure patterns. Household access to autonmpbbiles turns out to
be the best potential measurable factor explaining outdoor
recreation patterns. Wile no conclusive findings are reached,
support is developed for the hypothesis that intense exposure of
skin which has not devel oped natural defenses under |ow to noderate
exposure is the primary risk factor for nelanoma. The introduction
of sun screens” is associated with reductions in this risk. Since
l[ifetime incidence rates for white males in the 1940's cohorts will
approach 2.5 percent with death rates of about .6 percent, nelanonma
is a significant public health problem The paper’s results
suggest that a risk comunication policy should be ainmed at
nodi fying sun exposure habits to reduce intensity of exposure.
The association of the autonmobile with problem exposure behavior
suggests a strategy of keeping sun screen in the glove conpartnent.
The payoff from such a policy could be a dramatic reduction in
nmel anoma i ncidence and death.



| NTRODUCTI ON

Cut aneous malignant nelanoma is the nost rapidly rising cause

of cancer death for white males and the second only to |ung cancer

for white females.?! In response to this, there has been nuch
i nvestigation of potential causes.2 Because nelanoma cannot be
induced in small |aboratory animals by ultraviolet radiation alone,

the ability of laboratory research to settle etiologic issues has

been sharply limited.3

Epi demi ol ogi c results have been
inconsistent, wth less nelanonma observed on frequently exposed
parts of the body, and death rates increasing with latitude in
Europe.4'5 Cccupations involving outdoor exposure have been found

to be midly protective.6

It has been difficult to devel op a node
whi ch can confortably explain all of these results. Thus, despite
all the work on nelanoma to date, there is still a clearly
understood feeling by the research community that this is a disease
whose etiology is not at all well understood. 8
The first part of the paper reviews sone basic biological and
epi dem ol ogi cal results. The next section reports on previous
results obtained in this research project. The project has been
centered around factors affecting nelanona death rates for US
whites between 1950 and 1984. County death rates have been
agregated into Standard Metropolitan Areas(1980 definition) and

nerged with census data on sociodenographic characteristics of the

1980 popul ation, weather data for each city, and nodel based
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estimates of exposure.9 This data set has been used to investigate
the response of death rates to potential exposure, the cohort
structure of death rates, and the response of death rates to
i ndi vidual conponents of the ultraviolet spectrum For this paper,
the data set is used to predict cohort levels of risk, which serves
as the basis for the analysis of changes in ecologic risk factors.

The third part of the paper then precedes to exam ne how
factors such as outdoor recreation, outdoor work, and residence
have varied over the period for which cohort risk of death of
nel anoma can be inferred from the data set. First, some mneasures
of how these factors have changed are devel oped. These are then
conpared to the sunmary risk neasures for each cohort. Qut of this
there energes a fairly clear picture of the kinds of exposure
factors that can be related to the observed change in risk. These
factors can explain the rise and stabilization of the cohort risk
factors. They cannot explain the downturn in risk seen in the
youngest cohorts.

The next section |ooks at available data on sun screens to see
if they are a potential cause of the downturn. It is shown that
sunscreens can be an explanation of the decline only under the
hypothesis that it is control of intense exposure of skin which has
not devel oped natural protection which is inmportant if risk is to
be reduced. Usage levels are too low for themto have been a factor
if control of all exposure is necessary to reduce risk. The |ast

section developes sone of the potential benefits of a risk
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communi cation strategy developed along the lines suggested by the
results of the previous sections.
BACKGROUND

This section reviews sone basic biology, sonme of the little
that is known about how the skin develops natural protection, and
some results about how exposure changes as a function of |atitude,
time of year, and tine of day.

Mel anoma arises in the nelanocyte, the cell which produces

10

nmel anin, the conpound responsible for skin color. The precise

process by which the transformation to a tunor takes place is not

11 The tunmor is normally highly antigenic--nmeaning the

known.
i mune system will attack it--and one of the clinical markers for
an early lesion is a red iritated area around the lesion. 12 gjpce
W radiation is known to suppress sone aspects of the inmune sytem
i mune suppression via this route is thought to play sone role in

t he di sease. 13

However, this role remains to be worked out in
detail . The tunor netastizes readily once it penetrates the
surface of the skin and it is the nmetastases which are responsible
for the nortality associated wth melanoma.l4 On t he other hand,
five year survival rates for nelanonmas renoved before the derms

has been invaded are about 95 percent.15

Thus early diagnosis and
renoval are critical to effective treatnent of the disease.

I nci dence and death rates from nel anoma have been growi ng very
rapic:lly.16 Figure 1 shows death and incidence rates for whites in
t he US. In 1984 total deaths from nelanoma in the US were 5377.

of these deaths 5264 were whites and 113 were non whites. Age
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adjusted death rates were 3.11 for white males, 1.65 for white
females, .37 for non-white males and .41 for non-white females.
This is a world wide pattern, indicating that nmelanoma is primarily
a disease of white populations. For non-whites, nelanoma al nost
always arises in the non-pignented portion of the body, either
under the nails or on the soles of the feet.l’ Thus pignmentation
is protective. This is true even within the white population, wth
sout hern Europeans such as Spanish and Portuguese nuch less likely
to get melanoma than those of northern European origin.

The hypot heses that nelanoma mght be solar related stens from

the fact that non-nelanona skin cancers seem to be clearly sun

19

related. Non- mel anoma cancers occur nost frequently on the

exposed portion of the body, and are nuch nore frequent on those
with lots of outdoor activity--thus they clearly are a function of

20 Mel anoma, on the other hand does not follow

lifetinme exposure.
this pattern.z1 Less exposed parts of the body, such as the trunk
in males, and the legs in fermales, are the predom nate place where
nmel anoma is found. This <clearly indicates the need for sone
modi fication of the solar hypothesis. The second problem stemns

fromthe results for Europe, which show that the expected decrease

of nelanoma incidence and death rates wth Jlatitude does not
22

occur. Rather rates are lower in southern Europe than in
northern Europe. This may be due to the pignmentation variations
di scussed earlier. Later results in the paper on the possible

role of recreation, occupation and residence patterns may also

help explain the anomaly.
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Existing results also point to the role of early exposure as
bei ng critical.23:24 Again, the results are not unanbiguous, and
in sonme cases depend on quite small sanples. Finally, due to the
lack of an animal nodel, the exact portion of the spectrum

responsible for carcinogenisis is not clear. 25

The hypothesis is
that the UVB part of the spectrumis responsible, since this is the
part of the spectrum where damage to DNA occurs. Due the |ack of
a wdely distributed network of instrunmentation capable of
i ndi vi dual waveband neasurenent, there has been no confirmation of
this by epidemological studies. Thus the potential role of

sunscreens as a protective device has been difficult to determ ne

since the major chemcals are effective only in the U/B part of the

spectrum 26

Exposure to the sun elicits the production of nelanin and the
devel opment of a thicker stratum corneum the outernost |ayer of
cells on the skin. 2_7 Both of these factors reduce penetration of
W radiation to the growng layer of cells. Wile it is difficult
to determne the exact extent of the protection induced by these
factors, the tanning process does increase the length of tine

necessary to produce erythema(sunburn) py at least a factor of

28

t hree. Bl ack skin reduces the level of radiation reaching the

nmel anocyte by about a factor of 10.2°

Per haps obviously, the
incident angle of radiation is also very inportant, since radiation
entering the skin at a sharp angle nust travel nuch further before

reaching the growing layer of <cells. Thus, nost work activities
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expose substantially less of the skin to intense doses than do
activities |ike sunbathing, where the body is prone.

Utraviolet radiation present at ground level starts at about
290nm and increases by about 5 orders of magnitude in intensity by
325 nm From this wavelength to 400 nm the lower end of visible
spectrum radiation is rougly constant in intensity and varies in
the same manner as visible light. The large variation in intensity
between 290nm and 325nm is due to absortion by ozone in the
strat osphere. Figure 2 shows variation in DNA weighted radiation
by latitude for a clear day in the peak nonth of the year and for
total radiation during the year. Note that there is little
variation in peak values between the equator and 30 degrees.
| ati tude. Figure 3 shows DNA and Erythema weighted radiation
measures during the year for Washington DC. Note that DNA wei ghted
radiation varies nore than does erythema weighted radiation.
Figure 4 shows variation during speak day in July. Note again
that DNA radiation varies nore during the day than does erythena.
The relevance of these differences in behavior wll becone clear
later in the paper.

PREVI QUS RESULTS FROM TH S PROJECT

The work already done on this data set bears on a nunber of
the open questions discussed above. First, it shows that
variations in intensity of wultraviolet radiation are associated

with higher death rates.>V

A one percent increase in peak(clear
sunmmer day) DNA weighted radiation yields a .85 percent increase

in the death rate for males and a .58 percent increase in the death
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rate for females. Controls for socioeconomc variables do not
affect the results while including the effect of ethnic origin
reduces the responsiveness of death rates by about 20%
The second area of work with this data set suggests that it is
exposure in the UVB part of the spectrum which is responsible for

31 . .
The exposure neasures used in previous

the carcinogenisis.
epi dem ol ogy on nel anona have been sinple latitude(which is a non-
linear function of exposure as figure 2 illustrates), hours of
sunlight, or an integrating neter(known as the Robertson Berger
meter) which gives a single neasure of UV radi ation. 32 The
exposure neasure used in this study is developed from a nodel which
incorporates satilite neasures of ozone into a radiative transfer
nodel to predict ground level UV radiation. These predictions can
either be in the form of wavelength weighted neasures where the
wei ghts are the inverse of the biological effectiveness of
different wavelengths, or as individual waveband energies. |n this
particular work, individual waveband energies from 295-299 through
330-334 for a clear day in June were used as exposure neasures.
Table 1 presents the estimates for different wavebands. Deat hs
were nodeled as a poisson process and estinmation was done using
iteratively reweighted |east squares to get maximm [iklyhood
esti mat es. The results show a positive relationship between
radiation below 320, with a negative and significant relationship
above 330 for males. For fenmales that pattern is similar, but the
results are not significant above 330nm Because of high

correlations between different wavebands, jt is not possible to
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introduce nore than two wavebands sinultaneously into the
equati ons. The second part of Table 1 shows the results using 295-
299 and 300-304 as the short waveband w th various wavebands used
as the long waveband. This indicates the upper range for positive
response to radiation lies at about 315 nm or at the upper end of
the range where radiation damages DNA
These results rely heavily on variations in specific parts of
the spectrum Since the nodel has only been tested with aggregate
mesures produced by the Robertson-Berger neter, nore work is needed
to baseline the nodel. However, the overall pattern of variation
is dependent only on variations in neasured ozone and very basic
radi ative principles. Thus while there may be neasurenent error,
it is unlikely to be systematic in nature, and thus, in this sinple
nodel , the expected result would be to bias the estinated
coefficients toward zero.
The third set of analyses done with this data | ook at cohort

experiences.33

As seen in Figure 5 there is a very systematic
structure to a plot of the log of the national cohort death rates
agai nst age. Cohorts are defined as those who are 0 to 4 years of
age for a five calender year interval. This results in a nedian
birth year equal to the initial calender year of the period. Thi s
definition was required because death data were only available in
five year age groups in the source data set. The |abels on the
plot refer to the nedian birth year for each cohort. The parallel

slopes of the cohort death rate curves above the age of thirty

suggest that it 1is early exposure which is critical to the
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potential risk. Statistical analysis confirms that the curves
above the age of 30 have equal sl ope. For men this slope is 7
percent per year and for wonmen it is five percent per year. As
Figure 5 shows, there is no slope to the death rate experience
before age 10. dinical experience indicates these deaths are due

to congenital nevi.3*4

Therefore, it seens reasonable to assune
that the rate for 0 to 9 year olds is constant, and all the
variation in cohort risk is due to variation in how the death rate
changes between age 10 and age 30. Table 2 presents estimtes for
a nodel which includes DNA weighted exposure, individual cohort
estimates for 7 < Age < 32, and a comon age effect above age 32.
These results suggest that variations in sone aspect of exposure
across tinme for the age group less than 30 are at the root of the
varying coefficients for the cohort specific age variable.

Using a nuch sinpler procedure, estimtes at age specific
rates at age 32 can be made for chorts born between 1865 and 1970.
For the 35 years of data available, average ratios for each five
year differential are conputed. These averages are used to
extrapolate from the nearest available death rate to the age 32
death rate. Table 3 gives the results of these forecasts for each
birth cohort. Wiite males show marginally greater than a ten to
one variation while white females show about a five to one
variation. Interestingly, there is a predicted downturn in the age
specific rates for cohorts born after 1950. As seen in figures 5
and 6, these reductions are already seen in these cohorts at

younger ages.'?'5 Next to the differential rates for blacks and
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whites, this is the largest variation seen in experience wth
mel anonma. Thus any explanation of nelanoma aetiology nust deal
wWth this experience. The next section of the paper |ooks at sone
potenti al expl anations for these large cohort effects.

COHORT VARI ATIONS I N DEATH RATES

Gven the small nunber of degrees of freedom across cohorts
and the very limted quantity and quality of data on recreation in
particular, the analysis in this section is nore qualitative in
nature that the analysis in the previous sections. The essential
guestion to be addressed is what changes have occurred in exposure
habits and opportunities between 1880-84, when the ol dest cohort
in the study was 15-19 years old and the 1980-84 period, when the
1965 cohort was 15 to 19 years of age. There are a nunber of
hypot hesis which could be suggested for the variation across this
period of tine. Here only solar related hypotheses are considered
since there is little indication in the literature of any other
cofactor besides genetic predisposition as a potential cause of
nmel anoma. (This is not to say one mght not exist--but only that a
creditable one has not been found so far).

The first potential hypothesis is that changes in place of
residence during the critical exposure years mght have changed so
that average intensity of exposure is higher. However, as Table
4 shows, DNA relevant radiation weighted by state populations
between 15 and 24 for every five years between 1890 and 1985
increases by only 2.8 percent in intensity(average exposure in 1980

is 3.25). Since this would anbunt to only an 2.5 percent change
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in risk at age 32 for males and a 1.65 percent change in risk at
age 32 for fermales, this does not explain the very l|arge changes
in lifetine risk seen in Table 4.

Li kewi se, occupational exposure is not the explanation. The
two nmjor occupation groups with extensive sun exposure are farmng
and construction. As Table 5 shows, these have fallen sharply in
relative size, and even in absolute size during the 1880-1985
period. Also occupation is less apt to be a risk factor for those
under the age of 20 since l|abor force participation rates are
relatively low and have been quite static in the 50 to 60 percent
range for white nmales between 14 and 19 and between 20 and 30
percent for white fenales in the sanme age group.

A third potenti al hypot hesis centers around outdoor
recreational exposure. This can at best be a partial explanation
of the changes in nelanoma risk. Around 1900, forty percent of the
popul ation lived on farms and participation in outdoor recreation
was about 4 hours per capita per year(see Table 7), while the
lifetime risk of death from nelanoma was only about 1 in 1000 for
both males and females. In 1960, eight percent of the population
lived on farns, per capita participation in outdoor recreation had
risen to alnost 120 hours, and the lifetine risk of death from
nmel anona had reached 6 per thousand for males and 2.7 per thousand
for females. From 1960 to 1985, farm population fell to about 2.5
percent of total population, per capital outdoor recreation hours
by 2 and one/half fold, but the risk of melanoma has decreased.

Wiile the results between 1900 and 1960 are suggestive of a role
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for outdoor recreation, the 1960 to 1985 results suggest(as always
with nelanoma it seens) that if there is a role for recreational
exposure it is not a sinple one.
One can nmake sense of the role of recreation if what matters
is not the extent of participation, but sinply participating at
all. Under this hypothesis one would expect to see a stabilization

in participation rates in sun intensive activities beginning in the

si xties. Unfortunately, data on a conparative basis does not
exi st. What can be examined is a nunber of proxy variables for
partici pation. One proxy for recreation behavior is the percent

of the labor force not at work due to vacation(see Table 8). Wile
conparable data is not available before Wrld War 2, data given in
Cl awson and Knetch indicate weeks of vacation per worker rose from
.37 in 1929 to 1.09 in 1959, suggesting percent participation rose
during the 1929-1946 interval also

A second indicator of percent participation comes from noting
that over ninety percent of outdoor recreation involves autonotive

transportation.xx

Assuming that nost recreational activity
involving autonotive transportation is famly oriented, the
critical variable controlling access to outdoor recreation is
househol d notor vehicle ownership. Table 9 gives this data for
the post war period. Table 10 extends this back before WV Il as
mean vehicles per househol d. Conparison with Table 9 indicates

that nean vehicles oer household is roughly double the percentage

of househol ds owning at |east one car. Wuat is clearly interesting
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about this variable is the apparent saturation on a per household
basis which occurs in the early 1960’s.

These two variables suggest that a case can be made that the
breadth of participation in outdoor activity stablized in the
1960’ s. Several surveys of participation in outdoor activities
were done between 1962 and 1982-83. Wiile summary results from
these surveys are not in a format that nakes conparison across tine
possible, the latest survey(1982-83) does indicate that all but 11
percent of the general population participate in some form of
outdoor recreation. For those between 12 and 24, all but 3 percent
of the population participate. The next step in this process is
to get the source level docunents and see if a nore coherent
picture can be devel oped.

The other aspect of changes in recreational exposure which is
inmportant to understand is that activities associated with intense
exposure have increased over tine. Swi mmi ng, especially
sunbathing, is typically associated with nore intense exposure than

hiking or bicycling. Further, in the northern part of the country,

the outdoor swinmmng season does not begin until the intensity
level is wthin ten percent of the peak level it wll achieve
during the year. One illustration of the increase in intensity is

that the nunmber of nuncipal swinmming facilities per capita
increased nore than seven fold between 1910 and 1965.

The issue of when expsoure begins, alluded to in the previous
paragraph, is also inportant. There have been very significant

changes in the time at which exosure begins for the critical age
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gr oups. In the 1880’'s, they typical student attended school for
only 80 days a year, and stoped school after the eighth grade.
Today, the typical student attends school twice as long and in
excess of 95 percent of the 5-17 year old population is in school.
G ven the shortness of the typical school year before 1900, we can
suppose that the real pattern for farm children, especially those
in the early teens, Wwas to be outside helping with farm work
beginning in the spring and continuing through the fall. This is
not a pattern of linmted sun exposure. It is a pattern which |eads
to the developnent of a tan prior to the period of peak intensity.
As Table 1b shows, if the participation in farm work begins in
March or April, the exposures levels are nuch lower than those
found beginning in late My or June, the typical tinme at which
school closes in the nodern era and outdoor recreation starts.

Thus we have a potential hypothesis explaining the increase in
mel anoma as a function increase in the effective intensity at the
time when sun exposure begins for the season. Under this
hypot hesis, the stabilization of rates occurring in the 1930's to
1950 for females and in the 1950's for nmales is explained by
stabilization in the percent of the population getting intense
exposure. The large increase in recreation behavior since the
sixties is one of nore extensive participation by each individual,
rather than a broader participation. If this is in fact the case,
and nore work is needed on this score, then a consistent pattern
can be found which explains the growmh of nelanoma by an increase

in the effective intensity of radiation brought about by changes
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in education and work patterns which delay the onset of outdoor
exposure until the period of peak insolation, and the spread of
activities such as swnmmng, which expose nmuch of the body to
sunlight, especially parts of the body which rarely receive any
prior exposure.

This would explain the markedly lower rates seen for the head
neck and hands for nelanoma, since these parts of the body are
exposed year round and thus have always devel oped sone |evel of
natural protection. It does not however, explain the decrease in
mel anona rates seen in cohorts born since the 1950's. (One possible
expl anation, consistent with the solar hypothesis, is that sun
screens have played a role. This is discussed in the next section.

SUNSCREENS

Under the intensity hypothesis, to be effective in reducing
risk, sunscreens do not have to be used all the tine, but only
during the period of initial exposure. The question is whether the
total use O Sunscreens, given in Table 12, is sufficiently high
to have possible been effective in reducing risk. To provide
adequate protection at the rated |evel, about one ounce of product
is required. XX Typical applications to the entire body seem to be

at about half this rate. X%

This rate is still enoughto produce
a very significant reduction in risk. Thus the actual nunber of
applications available is about twce the nunber of ounces sold.
This vyields about three applications per individual, which is
probably a mninmum | evel of protection for one day on the beach,

but not enough to get all potentially exposed individual through



18
the period of developing a tan without getting an intense dose.

Thus it is unlikely that sun screens are the potential explanation

for the declining risk seen in the younger age cohorts. Only if
all sunscreen use were concentrated in the younger cohorts would
this be possible. In fact, anecdotal evidence suggests it is the

younger cohorts which are least apt to use sunscreens. Thus sone
other explanation for the decline nust be sought. This does not
mean that a policy of increased use of sun screens would be
ineffective. The potential of such a policy is discussed in the
next section.

FOUNDATION OF A RISK ASSESSMENT POLI CY

The intensity hypothesis suggests that a policy is possible
which mght be very effective in reducing nelanoma. The primry
goal of the policy would be to Iimt exposure very carefully during
the period before the skin has a chance to develop its natural
def enses of thickenign of the stratum corneum and tanning. Si nce
t hese processes both take tine, this would inply either the careful
use of sunscreens or a significant limtation on activity during
a vacation taken by sonebody who starts exposure when natural
intensity levels are high or travels to a sunny area during the
W nter.

How nmuch mght such a prevention program be worth. No
strategy could probably return us to the results of the 1900 era.
There is sinmply too nuch intense radiation present in nodern
recreational activities and use of sun screens is unlikely to be

uni ver sal . However, it mght be reasonable to reduce risk by 60
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percent. The results of a policy wth this level of effectiveness
are illustrated in Table 12. Since we have a fairly detailed sense
of the death rate pattern for nelanona, the table |ooks at vyears
of life saved rather than reductions in nortality. The figures are
for a cohort group of 100, 000. The total reduction in melanona
nortality, in a given year, under steady state cohort behavior,
would be 368 I|ives per 100,000 nales, and 162 lives per hundred
t housand femal es. At currently typical white birth cohort sizes
of about 1.75 mllion each for nales and females, this yields a
total reduction of better than 9000 nel anoma related deaths. Total
associ ated incidence would be about four tines these |evels, giving
reduced incidence of about 36,000 cases. It should be enphasized
that these are long run nunbers and do not take account of whatever
is currently acting to reduce death rates. They do suggest that
a policy to noderate sun exposure habits has a very high potential

public health payoff.
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Tabl e 1la

Utraviolet Radiation Variation by Latitude

Latitude Cl ear Day Annual
DNA Wi ght ed DNA Wi ght ed
@) 5.45 1162.5
10 5.39 1181. 6
20 4.59 989.1
30 4.14 658. 0
40 3.31 370. 7
50 2.33 204.0
60 1. 67 124. 3
Table 1b

Clear Day W Radiation by Month

Mont h DNA Wi ght ed Erythema Wi ght ed
Jan 15 .25 31.0
Feb 15 . 50 57.9
Mar 15 1.01 108. 7
Apr 15 1.85 186. 8
May 15 2.51 246.5
Jun 15 3.14 299. 6
Jul 15 3.40 318. 3
Aug 15 2.91 274.6
Sep 15 2.03 196. 2
Cct 15 1.09 110.9
Nov 15 . 46 51.2
Dec 15 .24 28.9

Sour ce: Model based estinmates using satelite data on ozone
Units are not conparable.
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Tabl e 1c

W Radiation on July 15(C ear Day)

Time of Day DNA Wi ght ed Erythema Wi ght ed
6-6:30 am . 0055 .78
6:30-7 am . 0129 1.66
7-7:30 am . 0259 3.06
7:30-8 am . 0456 5.03
8-8:30 am . 0723 7.55
8:30-9 am . 1050 10. 53
9-9:30 am . 1419 13. 77
9:30-10 am . 1800 17. 05
10-10: 30 am . 2162 20. 10
10: 30-11 am . 2469 22. 66
11-11: 30 am . 2693 24.51
11: 30-12 am . 2811 25. 48
12-12:30 pm . 2811 25. 48
12:30-1 pm . 2693 24.51
1-1: 30 pm . 2469 22. 66
1:30-2 pm . 2162 20. 10
2-2:30 pm . 1800 17. 05
2:30-3 pm . 1419 13. 77
3-3:30 pm . 1050 10. 53
3:30-4 pm .0723 7.55
4-4:30 pm . 0456 5.03
4:30-5 pm . 0259 3.06
5-5:30 pm . 0129 1.66
5:30-6 pm . 0055 .78
6-6:30 pm . 0020 .30
6:30-7 pm . 0006 .09
Al | radi ati on val ues from radiative transfer nmodel

incorporating satelite mnmeasurenments of ozone.
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Tabl e 2a

Wavel ength Specific Estinmates
of Exposure Effects*

Mal es
Wavel engt h Coef fi ci ent Standard Error
295-299nm . 142 . 0104
300- 304nm . 148 . 0108
305-309nm . 153 . 0115
310- 314nm . 145 . 0125
315-319nm 112 . 0132
320- 324nm . 055 . 0139
325-329nm . 0014 . 0143
330- 334nm -.028 . 0143
335-339nm -. 044 . 0136
355-359nm -.064 . 0138
Femal es
295-299nm . 0817 . 0123
300- 304nm . 0871 . 0128
305-309nm . 0923 . 0135
310- 314nm . 0912 . 0144
315-319nm . 0765 . 0152
320- 324nm . 0458 . 0157
325-329nm . 0159 . 0158
330- 334nm -. 00090 . 0158
335-339nm -. 0106 . 0149

355-359nm -. 0204 . 0152
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Table 2b

Mul tiple Waveband

Mal e Femal e
295-299nm . 151 . 0709
(.0182) (.0219)
315-319nm -. 0255 . 0197
(.0197) (.0225)
295-299nm . 150 . 0804
(.0114) (.0136)
320-324nm -.0298 . 0012
(.0152) (.0176)
300-304nm . 166 . 0908
(.0124) (.0147)
320-324nm -.0472 -.0091
(.0158) (.0182)

* Al units have been converted to standard deviation form so that
coefficients can be directly conpared.
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Table 3

Age and Exposure Mdel Coefficients

Vari abl e Mal e Femal e

Coef St . Dev. Coef. St. Dev.
Const ant -3.99 . 118 -3.90 L 117
DNA expos. . 263 . 0125 . 188 . 0137
Age65 . 0730 . 0430 . 074 . 0405
Age60 . 146 . 0153 . 126 . 0162
Ageb5 . 154 . 00859 . 143 . 00874
Age50 . 155 . 00583 . 142 . 00597
Aged5 . 150 . 00523 . 140 . 00528
Age40 . 149 . 00493 . 138 . 00496
Age35 . 143 . 00480 . 139 . 00476
Age30 . 143 . 00469 . 139 . 00465
Age25 . 139 . 00463 . 132 . 00460
Age20 . 131 . 00462 . 126 . 00458
Agel5 . 125 . 00463 . 120 . 00460
Agel0 117 . 00467 117 . 00463
Age05 . 110 . 00469 . 111 . 00466
Age00 . 102 . 00473 . 107 . 00471
Age95 . 0962 . 00478 . 105 . 00475
Age90 . 0921 . 00480 . 100 . 00478
Age85 . 0837 . 00483 . 0928 . 00482
Age80 . 0806 . 00487 . 0920 . 00486
Age>32 . 0653 . 000817 . 0538 . 000882
Sum of Squares
Regr essi on 4273. 7 2655. 3
Error 200.7 153. 0
Tot al 4474. 4 2808. 4
About Mean 4199.7 2577.1

The agexx variables denote a variable which for cohort xx is

0 if Age < 7
age - 7 if 7 < Age < 32
25 if Age > 32
and 0 for all other cohorts. Cohorts are denoted by the last two

years of their median birth date and run from 1965 back to 1880
The Age>32 variable is 0 if Age < 32 and Age - 32 otherw se
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Table 4

Predicted Rates at Age 32

Median Birth Year White Ml es Wiite Fenal es
1865 . 146 . 238

1870 . 194 . 234

1875 . 222 . 311

1880 . 257 . 330

1885 . 309 . 313

1890 . 398 . 424

1895 . 419 . 441

1900 . 438 . 460

1905 . 553 . 494

1910 . 643 . 593

1915 . 907 . 693

1920* . 986 . 857
1925* 1.224 . 969
1930* 1. 555 1.109
1935* 1.482 1.116
1940* 1.509 . 998
1945* 1. 690 1. 051
1950* 1. 866 1. 155
1955 1.690 . 998

1960 1. 330 . 954

1965 . 800 . 807

1970 . 795 . 395

* denotes observed value for that cohort. O her values are

predicted from the nearest observed value and the average ratio
between age 32 and the observed value at that age
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Table 5

Popul ati on(Age 15-24) Wighted Measures of Exposure

Year DNA Exposure
1890 3.185
1900 3.201
1910 3.194
1920 3. 205
1930 3.212
1940 3.212
1950 3. 225
1960 3. 239
1970 3. 238
1980 3. 263
1985 3.276

* Data on population from US H storical Statistics and various
issues of US Statistical Abstract. U neasures are nean of SMBA
spectific neasures within each state.
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Table 6

Farm ng and Construction Enploynent

Year Tot al Far m ng Construction Per cent
1880 17390 8920 900 56.5
1890 23320 9690 1510 48.0
1900 29070 11680 1665 45.9
1910 37480 11770 1949 36.6
1920 41610 10790 1233 28.9
1930 48830 10560 1988 25.7
1940 56290 9575 1876 20. 3
1950 63377 9926 2364 19. 4
1960 71489 7057 2926 14.0
1970 84889 4596 3588 9.6
1980 108544 3705 4346 7.4
1985 117167 2941 4673 6.5

* Data from 1950 are not strictly conmparable to earlier data.
Data from 1880 to 1940 are from US H storical Statistics, US
Dept of Commerce, Washington DC 1975(Series D167, D170 and
D173). Data from 1950 to 1985 are from Econom c Report of the
Pr esi dent , Council of Econom c Advisors, Washi ngt on, DC,
1989( Tabl es B32, B43, and B98).
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Table 7

Per Capita Hours of Recreational Activity

Year Hour s
1900 4
1910 7
1920 20
1930 43
1940 59
1950 80
1960 116
1970 211
1980 272
1985 304

*Data through 1960 are adapted from O awson and Knetch, The
Econom cs of Qutdoor Recreation. From 1970 to 1985, they are
extended by conmputing an index based on visits to National
Parks, National Forests, State Parks, Personal Consunption
Expenditures for Gardening, and Travel to the Carribean and
South Anmeri ca.
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Table 8

Percent Participating in Vacation
Not at Wrk by Reason of Vacation
(annual average, 1000’ s)

Year On Vacation Per cent
1985 3338 34.2
1980 3320 36.7
1975 2815 35.4
1970 2341 33.1
1965

1960 1576 26.5
1955 1268 22. 7
1950 1137 21.5
1946 662 13.8

* Percent assunmes everybody counted during the year as being not
at work due to vacation is distinct and multiplys not at work by

12 to get an estinmate of total fraction of the work force which
takes a vacation.



Year

1948
1950
1955
1960
1965
1970
1977

Sour ce:
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Table 9

Househol d Ownership of

Tot al

54
59
70
77
79
82
84

US Historical
Facts and Figures,

1978.

Per cent
One Car

52
60
62
55
54
47.5

Statistics

Mot or

Vehi cl es

Per cent
Two or More

7
10
15
24
28
36.5

1948- 1970, Mbt or

Vehi cl e



Year

1890
1895
1900
1905
1910
1915
1920
1925
1930
1935
1940
1945
1950
1955
1960
1965
1970
1975
1980
1985
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Tabl e 10

Access to Mbotor

Cars
(1,000 s)

0

0

8

77

458
2332
8132
17440
22973
22495
27372
25695
40191
51961
61420
74909
88775
106077
120866
129329

Tot al
(1, 000 s)

0

0

8

79

469
2491
9239
19941
26532
26230
32035
30638
48567
61949
72887
89090
106808
130919
153358
167342

Vehi cl es
Per
Capita

Coocoooooo0000Ce
'_\
\‘

House-
hol ds
(1, 000 s)

12690
14341
15992
17939
20183
22501
24467
27540
29997
31892
35153
37503
43554
47874
52799
57251
63401
71120
80776
86789

Per

PRPPEREPPPRPPRPOOOD00000OC00



32

Table 11

Sales of Sun Protection Products
(Real 1988 $, 1,000,000’ s)

Year Tot al SPF > 8
Sal es Qunces Sal es Qunces
1960 85.6 57.1
1965 115. 8 77.2
1970 155. 3 103. 6
1975 193.9 129. 3
1980 238.9 159. 3 80.0 53.3
1984 249.0 189.5 103. 3 68. 9
Sour ce: I am indebted to Jim Mirdoch and Mrk Thayer for

providing the original data.
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Table 12

Potential Mortality Inpacts
of Reducing Acute Exposure

Mal es-1940 Birth Cohort

Age Basel i ne Reduced Di fference Expected Tot al
Mortality Mortality Lifetinme Add.
Yrs.
0-4 . 28 .07 .21 70.7 14. 85
5-9 . 26 .07 .19 65. 8 12.50
10- 14 .51 . 20 .31 60.9 18. 88
15-19 1.04 .42 . 62 56.1 35.01
20- 24 2.05 . 82 1.23 51.4 63. 22
25-29 4. 06 1.63 2.44 46. 8 114. 00
30- 34 8. 00 3.20 4. 80 42.2 202. 56
35-39 11. 27 4.51 6.76 37.5 253.58
40- 44 15. 77 6.31 9. 46 32.9 311. 30
45- 49 22. 39 8. 96 13. 43 28. 4 381. 53
50- 54 30.93 12. 37 18. 56 24.2 449. 10
55-59 42. 02 16. 81 25.21 20. 2 509. 28
60- 64 55. 68 22.27 33.41 16. 6 554. 57
65- 69 71.09 28. 44 42. 65 13.3 567. 30
70-74 85.72 34. 29 51043 10.5 540. 04
75-79 95. 00 38. 00 57.00 8.0 456. 00
80- 84 93. 35 37.34 56. 01 6.0 336. 06
85+ 75. 98 30. 39 45. 59 4.5 205. 15

Tot al 615 247 5025
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Table 12 Conti nued

Femal es-1940 Birth Cohort

Age Basel i ne Reduced Di fference Expected Total
Mortality Mrtality Lifetime Add.
Yrs.
0-4 . 26 .10 .16 77.4 12. 07
5-9 .24 .10 .14 72.5 10. 44
10-14 .45 .18 .27 67.6 18. 25
15-19 . 85 .34 .51 62.7 31.98
20- 24 1.57 .63 .94 57.8 54. 44
25- 29 2.92 1.17 1.75 53.0 92. 86
30- 34 5.40 2.16 3.24 48. 1 155. 84
35-39 6. 95 2.78 4. 17 43. 3 180. 56
40- 44 8. 89 3. 56 5.33 38.5 205. 36
45- 49 11.51 4. 60 6.91 33.9 234. 11
50- 54 14.63 5.85 8.78 29.4 258. 07
55-59 18. 43 7.37 11. 06 25.0 276. 45
60- 64 22.95 9.18 13. 77 21.0 289. 17
65- 69 28. 04 11. 22 15.12 17.2 289. 37
70-74 33.30 13. 32 19.98 13.6 271.73
75-79 37.81 15.12 22. 69 10.5 238. 20
80- 84 39.81 15. 92 23. 89 7.7 183. 92
85+ 36. 05 14. 42 21. 63 5.6 121. 13

Tot al 270 108 2924
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. Introduction

Previ ous epidemological studies [4,5,6,8] have established
an enpirical relationship between neasures of wurban air pollution
(the dose) and human illness (the response). The results from
these studies are interesting to policy analysts because they
can, in principle, be used to predict the inpacts of proposed air
pollution control policies on urban popul ations. These aggregate
dose-response predictions are credible to the extent that they
seem to confirm the association between air pollutants and
illness that has been found in clinical studies [2,7].

Nevert hel ess, the sensitivity or robustness of the predictions
from the estimted dose-response functions to alternative
specifications, datasets, and estimation strategies remains an
i mportant issue [2].

This paper addresses two nmnethodol ogical issues in estinating
air pollution dose-response functions. Both concern accuracy in
nmeasuring the air pollution dose.

The first involves the intracity variation in the pollution
data and the |ocation of respondents. Previous studies have not
assigned respondents different |ocation codes over the day. Yet
many people, especially those working, get a different dose
during the day, when conpared to the evening when they are at
hore. The dataset analyzed here facilitates a work and hone
assignment of air pollution to individuals within a city. Thi s
allows us to conpare the responses of individuals to air

pollution at their workplace with their responses to air



pol lution at hone. By nodeling nore of the variation in the
pollution data, we neasure the “real-world” dose; hopefully,
improving the accuracy of the estimates of the influence of air
pollution on human health.

The second issue concerns the intralocation variation in air
pol I ution. Since air pollution in an urban area can vary from

hour to hour, we hypothesize that the dose is nore appropriately

nodel ed as variable over a day. Even when an individual does not
change |ocations, he or she will experience different doses as
the air pollution varies from hour to hour. Therefore, the air

pol lution dose depends on where and when a person is exposed.
The air pollution doses used in previous studies have been based
on a periodic (either one year or two weeks) average. By
averaging the pollution data, the intraday variation in the data,
which may influence human health, has been ignored. This can
cause specification error bhias, owing to left out and incorrectly
nmeasured variables in the dose-response function.

The remainder of this paper is organized into four sections.
In Section Il, we present a brief review of the relevant
literature on estimating the relationship between air pollution
and human norbidity. The enpirical nodels, data, and basic
estimation nmethods are described in Section II1I. The results are
presented in Section IV, while the last section contains
concl udi ng renmarks.

1. Air Pollution and Mrbidity: Previous Studies

The design of this paper is nost closely related to the



studies by Ostro [4,5], Hausman et al. [3], and Portney and
Mul I ahy [ 6]. These authors use the Health Interview Survey
(H'S), an annual health survey of people in various |ocations

t hroughout the U S., to study the enpirical relationship between
air pollution and human norbidity. Morbidity is nmeasured by a
variable that reflects the changes in the normal activities,
owing to health inpairnents, of the survey respondents during the
2-week recall period of the H S Several pollutants are

anal yzed, including neasures of the atnospheric concentrations of
total suspended particulate (TSP), ozone, fine particulate, and
sul f ates. In addition to including several socio-econonmc and
weat her neasures in their nodels; these authors exam ne nunerous
subsanpl es based on sex, working status, and snoking status,
attenpting to hold constant as many confounding influences as
possi bl e.

In Gstro [4], the variation in the air pollution data cones
from the pooling of respondents from different cities. Doses
were neasured by the annual average of total suspended
particulate (TSP) and sulfates (SO4) and ignore the intrayear
and intraday variation in the pollution data. The norbidity
nmeasures reflect the nunber of “work loss days” (WD) and the
nunber of “restricted activity days” (RAD) that survey
respondents reported during the two-week recall period. The TSP
termis significant and has the expected relationship to RAD and
WD. The SO4 termis not significant, which may not be surprising

since SO is nore localized than TSP.



In his followup piece, Ostro [5] uses a Poisson distribution
to nodel the relationship between the nunmber of RADs and the
cont enporaneous (with the survey) two-week average of fine
particul ate. Fine particulate are estimated from airport
visibility and TSP dat a. The two-week average of fine
particulate is significant over several different sanples and
years.

Hausman et al [3] concentrate on WD and specifically
control for intrayear variation in pollution. Additionally, they
estimate nodels with alternative lags of the two-week (in
contrast to the annual) average of TSP, although no formal tests
to choose anong the specifications are presented. Like the Ostro
studies, intracity variation in the pollution exposure (within a
period) is ignored and the SO4 neasure is not significant.

Hausman et al provide sonme enpirical support for the Poi sson
specification; i.e., the pollution coefficients were robust when
t he Poi sson assunption that the variance equal the nean was
rel axed and when a fixed effects nodel was estinated.

Portney and Miullahy [6] estimate a Poi sson nodel with the
nunber of respiratory related RAD as the dependent variable and
various neasures of ozone and sulfates for the exposure
vari abl es. Portney and Millahy's ozone exposure mneasures are
probably better suited to test acute health effects because they
average over the daily maxi num of ozone during the two-week

recal |l period. Moreover, by matching respondents to the

pollution nmonitoring stations closest to their census tract (and
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within a 10 and a 20 mle radius of their census tract), Port ney
and Mil |l ahy analyze sone of the within city variation in the
pol l ution data. They find that the estimates for the ozone
coefficients do not vary greatly anmong these different assignnent
strategies, neaning that the intracity variation is not
enpirically inportant in their data. As in the aforenentioned
studies, sulfates do not performin an a priori_ expected manner.®
I11. Methodol ogy and Data

The methodol ogy and data used in this study were constructed
in order to exam ne the robustness of acute health predictions.
In particular, we propose to conpare the predicted health
responses from a “traditional” specification to specifications
where the pollution neasures and assignnents nore accurately
reflect real world exposures. This conparison exercise wll
provide information for policy nmakers as well as future research
efforts.

Define the followi ng notation:

H.

i £ the health response of individual i in time period t.

XI a vector of individual specific covariates.

V\{ = the weather in tine t.
PC]_H(L) = the pollution exposure experienced by i in time
period t. The exposure is a function of i s location (L)
over the time period.

Then,

Ho, = (X, w, PaL (L) (1)



is a hypothesized dose-response function.
To estimate a nodel like (1), requires data on IH : )I( : VY
and PC]_it(L) and a functional form for the nobdel. The necessary

data were obtained from a health survey, the \Wekly Wather and

Crop Bulletin, and the SAROAD system data tapes. The functional

form for the nodel was specified to be consistent with previous
st udi es.

The health survey data

During 1978-1980, GCeonet Technologies, Inc. administered a
health survey to the nenbers of 2,594 households in the greater
St. Louis area. Househol ds were enrolled in the survey in groups
of about eighty per week beginning June 4, 1978 and ending My
27, 1979. The respondents naintained daily logs of their
activities, locations, restrictions in activities, and the
reasons for any restrictions in activities. The logs were kept
over four two-week periods; thus, the dataset includes the
restrictions on activities and the locations for each respondent
for 56 days.

The structure of the survey also facilitated the collection
of extensive data on socioeconomc conditions, lifestyle choices,
work environnent, nedical care, and health.? A conplete
description of the data and the datafiles are available from the
aut hors upon request.

The appropriate measure of the health response depends on
the focus of the study. Here, we are particularly interested in

acute respiratory health responses. As an enpirical neasure of
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H|t’ we used the nunber of RADs reported by the respondent in the
time period, owing to a respiratory disorder or synptom (NRRAD; ).
Gven this type of limted dependent variable, a
reparaneterization of the Poisson distribution is a particularly
attractive statistical nodel for equation (1).

As shown el sewhere [6], the expected value of NRRADt under

t he Poisson nodel is given by

E(NRRAD ) = exp(X,8 + witz’ + POL,, (L)$) (2)
where the B, ¥, and & represent paraneter vectors that are
estimated via maxi mum |ikelihood nethods. Using equation (2), a
prediction for a small change in a P(]_i t(L) variable (or any
other) is a straightforward conputation.

The variables in XI shoul d include neasures on i’s age,
incone, |living arrangenents, working conditions, personal health
habits, and personal health status. Since an incorrect
specification of the Xi could bias the estimates of the
rel ationship between Hit and PC]_it(L), we included several
covari at es. Moreover, the data were |limted to people between
the ages of 16 and 65 who are non-snokers and working outside of
the hones

A brief description and sunmmary statistics of the XI
covariates, the weather covariates, and NRRAD are presented in
Tabl e 1.

Pol |l uti on Data

The pollution data were obtained from the U S. Environnental

Protection Agency's SAROAD system The data tapes contain hourly



observations, collected at 14 nonitoring sites, on nunerous
pollutants in the St. Louis Air Quality Control Region.* The
pollution data were matched to the survey respondents by tine, as
described below, and location vis-a-vis the nonitoring stations.
The respondents averaged about three mles from a nonitoring
site. The pollutants analyzed here, ozone and sul fur dioxide
(S2), were chosen for tw reasons. First, the data for these
two pollutants were collected at all of the nonitoring stations
over the time period of the health survey. For the other air
pol lution neasures, for exanple, total suspended particulate and
NO2, the data are not available for several weeks during the
survey period or they were not collected at each site. Second,
S2 tends to be nore localized than ozone. This contrasting
nature of the two pollutants provides a natural “laboratory” for
neasuring the appropriateness of our neasures and assignnments of
pol | ution.

The pollution neasures differ from the 4‘ and the QN because
an individual's exposure to pollution is not constant over t.
Pol lution exposure can varyas individuals change |ocations over
t he day. Even when an individual is stationary, their exposure
changes as the pollution varies over the course of the day.*®

In defining the measures of air pollution dose, our
objective was to preserve as nuch variation in the pollution data
as possible. The format of the health survey neans that, for
each enrollnment week, there are four associated two-week periods.

Since we used the survey data from weeks 1 through 41, there are
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164 two-week peri ods. However, wthin each two-week period, we
grouped the data into “day-tinme” observations (the hours 11:00 am
through 5:00 pm and “night-tine” observations (the hours 5:00 am
through 10:00 am and 6:00 pm through 12:00 pm).* The pollution
data were, therefore, initially grouped into 328 subperiods.
Each day-tine subperiod contains 98 observations, while the
night-tinme subperiods consist of 182 observations.

For each subperiod, we conputed the follow ng sets of
par anet ers:
(i) The nean and standard deviation. If the data are normally
distributed, then these paraneters fully describe the
distribution of the pollution.
(ii) The nean and standard deviation of the natural |ogarithm of
t he dat a. If the data are lognormally distributed, which nmay be
nore plausible than normality, then these parameters characterize
the distribution of the dose.
Also, to facilitate a conparison with previous nodels, the two-
week nmean and the average over the daily nmaxi nuns were conputed.

Two nethods were developed for investigating the sensitivity
of the dose-response function to the individual’s pollution
exposure. Both address the variability in air pollution doses.

The inpact of |ocations changes on pollution neasures

For an individual who lives in one location and works in
another, we are uncertain about the correct assignnent of the
pol I uti on dose. Wth the data anal yzed here, each respondent has

two location codes; a honme code and work code. The home | ocation
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pol lution, the work location pollution, or sonme conbination of
the two could seenmingly be used to assign pollution exposures to
t he individuals. Moreover, the pollution data reflect different
times of the day; thus, the hone code nmy be nore appropriate for
night-time exposures and the work code nore appropriate for day-
ti me exposures. Since we are uncertain about the correct
assignment, one possibility is to let the data determne it.

Let 8, be the fraction of the total exposure tinme to air

1l
pol lution experienced during the day at work. Simlarly, let ©

2
be the fraction experienced at hone during, our definition of,
the night-tine. Finally, let 91 be the fraction of exposure tine
experienced at hone during the day. W assune that 91 + ez + 93
= 1, inplying that all of the exposure is experienced in the
manner hypot hesi zed.

The ‘6°s, if assuned to be unknown, can be estinmated given
sone criterion. the correct mean exposure experience by a
respondent is a weighted average of the nmeans at each |ocation
for each tine period, where the weights are the 8°s. Let

WDPOLMJ = the nean of pollution calculated from the day-tine

data at the work | ocation code,

DPOLMJ = the nean pollution calculated from the day-tine
data at the hone |ocation code, and
NPOLMJ = the nean pollution calculated from the night-tine

data at the hone |ocation code.

Then,

POLAVE = BIWDPOLMU + BZDPOLMU + 93NPOLMU (2)
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is the weighted average pollution experienced by the respondent.
W use a grid search over the 8°s to find the set that maxim zes
the I|ikelihood function.

As reference points, we alternatingly let each of the 8°s
have a val ue of 1. Additionally, we assuned 112 hours of
exposure per week; 40 at work, 56 at honme during the night-tine
hours, and 16 at hone during the day-time hours. These
assunptions give el = 40/ 112, e8_, = 56/112, and B. = 16/ 112.

2 3
The inpact of intraday variation on pollution neasures

Sone intraday variation in the pollution data is captured by
using the day-time and night-tine neans. However, there does not
seem to be any theoretical reason for using the nean of the
pollution distribution to neasure the dose. In fact, a sinple
exanple illustrates that using the nmean inposes a |inear
restriction on the dose-response function. Assume that the
pol lution exposure for some individual is variously PO.1, POL2,
and PCOL3 over the tinme period. Let the probability of each |evel
occurring be f1, f2, and f3, respectively. Then, the nean equals
f1*POL1 + f2*POL2 + f3*POL3. Next, let the dose-response
function be linear in paranmeter space. Wite it as

H =6, + 5 (£1%POL1) + §,(£2*POL2) + §,(£3*POL3)

0
for some individual in sone time period. | f 61 = 62 = 63, t hen
using the nmean is equivalent to entering the probability
di stribution. On the other hand, different 8§°s would indicate

that a nean nodel incorrectly restricts the health response to

changes in average pollution; i.e., the response depends on _how
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t he nean changed. The problem with this nethod is that we have
no guidance on the nunber of &§°s to specify. Still, this type of
anal ysis may provide insights into the health response of
distributions of air pollution.
IV. Enmpirical Results

The inpacts intraday variability in Pollution exposures

In Table 2 we display the paraneter estimtes from several
nodel s. Only data from the first followup period was used to
estimate the paraneters. \Wiile the qualitative conclusions are
simlar for the second followup period, we could not
statistically pool the data from the first two periods. The
estimates based on the third and fourth period observations were
quite different‘ than those obtained from the first two. In
particular, npbst of the paraneter estimtes were sensitive to the
alternative specifications. This problem is apparently
synptomati ¢ of sone type of survey bias, perhaps because
respondents lost interest after the first two periods.

The specifications presented in Table 2 differ in the type
of pollution neasures entered. Several other independent
variables could be selectively entered into the specifications.
Those presented here are representative of the literature. The
pollution coefficients are not particularly sensitive to any of
t he neasures, except the seasonal dumm es and, the weather
vari abl es. Sel ectively dropping these variables can change the
sign of the pollution neasures in sone of the specifications.

The weather variables and the seasonal dummies are statistically
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significant in each specification, however.

The first specification represents a “traditional” air

pol lution dose-response function. The air pollution is assigned

to the respondents hone |ocation code. The variable |abels

represent average ozone (QZMJ) and average SQ2 (SOW), where the

average is computed using data from the entire day. Fourteen of

the eighteen coefficient estimates exhibit p-values of |ess than

. 05.

As in other studies using a sulfur-oxide term SOW has a

negative sign but is insignificant.

The remaining coefficient estinmates are renarkably stable

across different specifications. They show, all else equal,

t hat :

ol der respondents have fewer expected restricted activity
days due to respiratory synptons and disorders [E(NRRAD)],
years of education do not affect E(NRRAD),

the E(NRRAD) is lower for nmales,

respondents in higher incone classes have a |ower E(NRRAD),
respondents with good perceived health have a | ower

E( NRRAD) ,

previ ous snokers have a greater (or insignificant) E(NRRAD),
cooler tenperatures and nore rain increase E(NRRAD),

when respondents are exposed to irritants at work, E(NRRAD)
di m ni shes,

respondents who exercise regularly, reduce E(NRRAD), and
the greatest E(NRRAD) occurs during weeks 17-24, which is

from the end of Septenber to the mddle of Novenber.
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One of the nobst interesting estimates is the coefficient on EXER
If individuals can reduce their expected nunber of respiratory
related activity days by “expenditures” on regular exercise, this
may give analysts an avenue for assessing the benefits of a
cl eaner environnent.

Specifications (2), (3), (4), (5), and (6) illustrate the
i mpacts of using different assignment nethodol ogies (or weights)
for the pollution ternms. As indicated above, the actual dose is
hypot hesi zed to be sone conbination of the air pollution at hone
during the day (DOZLMJ and DSOLMJ), the air pollution at hone
during the night (NOQZLMJ and NSOLMJ), and the air pollution at
work during the day (WDQZLMJ and WDSCOLMJ) .

W used the nmean of the natural l|ogarithm of ozone and SQ2
(all variable end with “LMJ') because the |log of the data
appeared to be nore normally distributed than the levels; thus,
using the nmean of the logs is a better neasure of “the central
tendency in the data.®

The inpacts of changing the 8°s are dramatic on the
estimated coefficients for ozone and SQ2. In specification (2),
81 = 63 = 0 and 92 = 1. The respondents are assigned the nean
pol [ ution at ‘their hones conputed over the day-tine hours (11:00
am- 5:00 pm. The coefficient on DSOLMJ remains insignificant,
but becomes positive, and the likelihood function rises (the
negative falls) slightly. Since the maxi mum reading usually

occurred during this tinme interval, this specification is simlar

to [6], who used the average of daily maximns.
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The third specification shows that, when the respondents are
assigned a dose based on their hone |ocation pollution average
over the night-time hours (5:00 am - 10:00 am and 6:00 pm - 12:00
pm, the ozone influence remains stable and the SO2 coefficient
remains insignificant. The S2 coefficient estimate junps
noticeably in magnitude, however, and the likelihood function
continues to rise.

e1=1ancl 02=93=O in specification (4). The S2 term
is significant and of simlar size to the one exhibited in (3).
The coefficient estimate on the ozone term is also significant
and about the same size as the estimate in (2) and (3).

Specifications (5) and (6) show the inpact of non-zero 8°s.
The 8°s are constructed a priori in specification (5), while in
six they are estimated using a grid search. The log of the
i kelihood functions are the sane up to the second decimal point.
When conparing the coefficient estimates in (5) and (6) to the
estimates obtained with the other nodels, we see that the inpact
of the pollution ternms increases as the neasures approach “real
wor | d” exposur es.

The enpirical significance of the alternative nodels is
di splayed in Table 3. Predictions of the expected value of NRRAD
from each specification for one thousand identical individuals

are shown. The predictions differ by the, type of change in ozone

and SCp.
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A change in just ozone (Predict2) can change the prediction
on E(NRRAD) by from 1.928 per thousand to 10.671 per thousand; a
di fference of over 400% Simlarly, a change in just SO2
(Predict3) can change the E(NRRAD) per thousand from . 356
(or -2.393, using specification 1) to 9.246; over 2000%
Clearly, the choice of the pollution neasure can have a dranmatic
i mpact for policy analysts.

An_ analysis of non-nean nodels

As noted above, it is possible to test the nean
speci fication. Based on the nmean and standard deviation
estimates of the logged data and assum ng both pollutants were
lognormal ly distributed, we conmputed the probability that the
pol lutants would fall into various categories. For ozone, we
chose four categories; 0-5, 5.01-20, 20.01-60, and greater than
60. For SO2, we used O0-5, 5.01-10, 10.01-25, and greater than
25. The probabilities were conputed for each of the
di stributions used above (i.e., day-tine work, day-tine honme, and
night-time home) and then averaged using the maxi num |ikelihood
estimates for the 6°s. The specifications with the probabilities
entered as dependent variables did not significantly inprove the
nmodel . ®* This was true for both ozone and S, indicating that
the exposure tinme weighted nean nodel can not be rejected.
Evidently, the distributional aspects of the air pollutants are
adequately captured by specification (6) for the data analyzed

her e.
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V. Concl usi ons

The primary conclusion of this paper is that predictions
from alternative estimted dose-response functions differ
substantially, depending on how pollution exposures are neasured
and assigned to individuals. The exposure varies because
i ndividuals” locations and air pollutants are not constant
t hr oughout a day. Dose-response specifications that use a
wei ghted average of pollution experienced during the day at hone,
during the day at work, and during the night at hone
statistically outperform nore traditional nodels. Mor eover, the
wei ghted average nodels indicate that the pollutants adversely
affect human norbidity nore than traditional nodels.

Qur results indicate that sulfur-dioxide adversely affects
human heal t h. This finding is different from previous studies.
The apparent reason for the difference is our treatnent of the
variable nature of the pollution. This particularly appealing,
in the case of SO2, because SO is nore |ocalized than ozone.
Hence, too much aggregation in the pollution data would nmask the
strength of the influence. By disaggregating the data, we have,

hopeful Iy, uncovered the true relationshinp.
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Endnot es

1. Portney and Millahy find nonlinearities in the dose-response
function. The marginal responses to increases in ozone are greater
when equations are estimated wth the data reflecting higher
(greater than .05 pphm) ozone concentrations. They also find that
the elasticity of the expected value of the respiratory RAD is not
constant with respect to changing ozone as inplied by the sinple
poi sson distribution.

2. Survey respondents provided information on the nunber of visits
to a doctor, the travel tinme to the doctor, visits to energency
rooms, and other “cost” neasures. Gerking and Stanley [ ] use
these data to estimate a wllingness to pay for reduced air
pollution expression that is based on an averting behavior nodel
of consuner choi ce.

3. A statistical test indicated that the snokers could not be
pooled with the non-snokers using a dunmy variable to reflect
snoki ng st at us.

4. An independent benchmark, the Regional Air Mnitoring System
(RAMS ) data, was used to assess the quality of the SAROAD dat a.
The RAMS data, which were collected in the late 1970s, but not
during the time of the health survey, were subjected to extensive
gquality control and nore accurately neasure airborne pollutants.
During the time that both systens were operational, the ozone
readi ngs between RAMS and nonRAMS data exhibit zero order Pearson
correlations in the range of .3 to .6 for the hourly data. These
correlations inprove substantially as the data are aggregated to
the daily and weekly level. Hence, there is every reason to expect
that our use of the SAROAD data over a two-week period accurately
nmeasures the air pollution dose.

5. W did not nodel the weather as changing over the course of
the day. It probably should be. However, the nethodol ogy proposed
here facilitates a conparison to previous studies.

6. W& conputed Chi-square tests of distributional independence for
all possible aggregations of the daily data by nonitoring station.
In the vast mgjority of cases, we cannot reject the hypothesis that
the 11 am- 5 pm data cone from the sane distribution. Simlarly,
we cannot reject the hypothesis that the 5 am - 10 am and 6 pm -
12 pm data conme from the sane distribution. The hypot hesis that
all the daily .observations are generated by the same distribution
was rejected in nost cases, however.

7. The p-values are based on the variance-covariance matrix
conputed directly from the maxi mum |ikelihood estinmates. They do
not reflect a correction like in [6] or [3].
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8. To identify the appropriate distribution of the data, we
estimated the “transforned” nmean and standard deviation and the
transformati on paraneter. These paraneters are based on the
power nor mal di stribution, which utilizes the Box-Cox power
transformati on. The Box-Cox transformation facilitates a test
between normal and |ognornmal distributions. In the majority of

cases for SO2, the lognormal distributional assunption could not
be rejected. Wth respect to ozone, we found that, wusually, both
the normal and | ognormal distributions could be rejected. However,
the transformation paraneter was closer to O ( indicating
| ognormal ), than to 1.

9. W tested the probability nodel three ways. Firstly, by
entering the probabilities for just ozone. Then, by entering the
probabilities for just SO, and, finally, by entering both. None
of the Chi-squares, conparing twice the difference in the 1|og
i kelihood val ues, indicated rejecting the |linear constraint
i nposed by the nmean specifications



Table 1.
Variabl e Descriptions and Sunmmary Statistics
Non- smokers, First Fol |l ow up Period.
(Coservations = 5975J

Vari abl e Description Mean St Dev. M ni mum Maxi mum
AGE Age in years 38. 88 13. 37 18 65
EDUC Years of school 13. 32 2.93 0 24
SEX 1if male .49 .50 0 1

WHI TE 1if wiite .18 .43 0 1

| NCOVE I ncome category 6. 06 1.48 1 8
PHEALTH 1 if perceived health good .93 .30 0 1
PSMOKE 1 if previous snoker .18 .39 0 1
TEMP Average tenperature 60. 40 20. 84 13 83
RAI'N Average rainfall .63 .57 0 2.15

| RR 1if irritants at work .34 AT 0 1
EXER 1if exercise regularly J11 231 0 1

S1 1if weeks 1 - 8 . 26 .44 0 1

S2 1if weeks 9 - 16 .30 .46 0 1

S3 1if weeks 17 - 24 .13 .34 0 1

4 1if weeks 25 - 32 17 . 38 0 1
NRRAD Number of respiratory related restricted activity days during follow up

period two.
Frequency for NRRAD

Val ue of NRRAD Frequency

0 558
1 39
2 9
3 7
4 6
5 2
6 3
7 4
8 1
9 0
10 0
11 1
12 0
13 0
14 0

Mean = . 241



Table 2.
Alternative Coefficient Estimates of the Dose-Response Function
Dependent Variable = NRRAD

Variable (1) (2) (3 (4) (5) (6)
AGE -.033* -.032* -.036* -.030%* -.034% -.033»
EDUC -.018 -.024 -.015 =-.024 -.021 -.022
SEX -.083% -.121 -.048 -.118 -.060 -.074
WHITE L617* .676% .798%* .734% . 704%* .692%
INCOME -, 203* -.199% -.188* -.164% -.192% -.191%
PHEALTH 1. 146 1.266%* 1.201* 1.326%* 1.268% 1.284%*
PSMOKE L219% .238 .181 .129 . 185 .188
TEMP ~. 054> -.042% -.038%* -.037* -.040%* -.041%
RAIN .853% .957%* .716* .956%* .982% 1.031*
IRR -,302» -.319» -.214 -.273 -.229 -.245
EXER -.888% -.863* -, 800> -.819* -.854%* -.861%
S1 =2.441% -2.681* -2.321* -2.536% -2.867* ~2.941%
S2 1.318* .773 1.421* .796* .853* . 719%
S3 1.565% 1.268* 1.575* 1.107* 1.516* 1.446%
S4 .841* 1.036* 1.057* 1.086* 1.410* 1.424%
0ZMU .037%

SOMU -.028

DOZLMU .951*

nDsoLMU . 065

NOZLMU .989*

NSOLMU 407

wDOZLMU .905*

wDSOLMU : 367

OZLAVE1l 1.692*

SOLAVE1 .587%

OZLAVE2 1.708*
SOLAVE2 571>
CONST 1.043 =2.442% -2.858* «3.568%* =5.560%* =5.705%
0, na 0 0 1 40/112 4
92 na 1 0 0 56/112 .G
93 na 0 1 : 0 16/112 .2
-L like 270 269.5 268.8 269.4 264.5 264.5

*Indicates that the p-value is less éhan .0S.



Tabl e 3.

Predicted Reductions in the Expected Value of NRRAD
Per 1000 People by Specification

(1) (2) (3) (4) (5) (6)

Predictl . 637 2.197 14.294 5.418 16. 351 12. 940
Predict?2 2.290 1.928 8. 188 3.089 10.671 8. 546
Predict3 -2.393 . 356 8.119 3.022 9.246 7.186

Notes: The predictions are based on the following initial values: AGE=40, EDUC=12, SEX=1,
WHI TE=1, | NCOVE=6, PHEALIH=1, PSMOXKE=0, TEMP=70, RAIN=.5, |RR=0, EXER=0, S1=1, S2=0, S3=0,
and S4=0. The initial value for ozone is 40, while the initial value for SO2 is 20. The
predictions are per 1000 people, where:

Predictl is based on reducing ozone to 30 and SQ2 to 10,
Predict2 is based on reducing ozone to 30 and maintaining SQ2,
Predict3 is based on reducing SO2 to 10 and mai ntai ni ng ozone.
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Abstract

This study develops a nethodology for neasuring the val ues
that individuals place on norbidity risk reductions and applies
it to the neasurenent of the benefits from reducing the risks of
contracting chronic bronchitis. The survey nmethodol ogy involves
the use of an iterative conputer program that presents
respondents with a series of pairwi se conparisons which are
individually designed to neasure respondents’ marginal rates of
substitution for chronic bronchitis risk reduction. The approach
is innovative in that it measures the rates of trade-off for
chronic bronchitis risk reduction in terms of the risk of an
autonmobil e accident fatality, as well as in dollars. Since it
generates estimates for each individual, it can reveal
di stributions of benefit nmeasures rather than sinply a population
nmean estinmate. The resulting rates of trade-off for chronic
bronchitis and auto fatality risks suggests that the risk of a
chronic bronchitis case is worth 32% of the conparable risk of
death, as neasured by the nedian trade-off rate. When ri sk
reduction for chronic bronchitis is conpared to a cost of living
increase, the nedian rate of trade-off is $457,000, whereas the
conparison between autonobile fatality risk reductions and cost
of living increases yielded a nmedian rate of trade-off of $2.29
mllion. The results across different risk-risk and risk-dollar

trade-offs were internally consistent.



1. I ntroduction

Over the past decade econonists have devoted substantial
attention to the inplicit valuation of health outcones. These
anal yses of risk-dollar trade-offs have relied in large part on
mar ket - based data.l For exanpl e, wage-risk trade-offs have been
used to analyze the inplicit value of fatalities and the average
nonfatal job accident risk. Simlarly, economsts have analyzed
the trade-offs inplied by seat-belt usage decisions to infer a
value of life.?

Al though studies using market data provide useful benchmarks
for health risk valuation, they do not resolve the issue of how
governnent agencies should attach benefit values to health
outcones for which we do not have good narket data. This
omssion is particularly inportant for government agencies, such
as the U S. Environnental Protection Agency (EPA), which
generally focus on policy contexts in which market forces are
believed to not be fully effective. For these situations, no
useful market trade-off data may be avail able. Nevert hel ess,
econom ¢ analysts would like to select the efficient project mx,
and sone benefit nmeasure is required to perform such an analysis.
In recent years, a large nunber of studies have addressed these
benefit issues using non-market techniques, thus greatly
expanding the range of benefit conmponents that can be valued.?3

This study nakes several contributions to the literature on
non- market techniques for benefit valuation. First, we develop a
net hodol ogy for neasuring the benefits of reducing the risks from

various types of norbidity effects. The nethodol ogy uses an



iterative computer program to ascertain the points of

indifference for consumers who are asked to trade off the reduced
norbidity risk with increases in other attributes of a location
deci sions, such as an area’'s cost of living and the risk of an
aut onobi | e fatality.4

Second, we apply the methodology to an inportant health
benefit valuation problem that of estimating the value of
reductions in the risk from chronic bronchitis, one central type
of chronic obstructive pulnonary disease alleged to be a ngjor
adverse effect of ozone pollution exposure. Most  previ ous
studies of health valuation focus on acute health effects, such
as accidental death, rather than chronic diseases whose effects
are nore difficult to conmunicate to potential victims.>

Third, our approach yields the entire distribution of
consuner values for chronic bronchitis risk reduction, rather
than just the mean valuations which can be derived from market-
based approaches to the problem This information is inportant
for policy mekers in situations where consuners place. wjdely
di vergent values on reducing risk.

Fourth, because chronic disease effects are difficult to
comuni cate to potential sufferers, jt is inportant to use a
nmet hodol ogy that adapts to whether subjects understand the
val uation task being asked of them By adninistering the
guestionnaires interactively on a conputer, our approach allows
us to build in several tests of task conprehension that, if

failed, provide additional information before proceeding with the

guestionnaire.



Finally, our nethodology produces values for norbidity risk
reduction in terns of trade-offs wth several other netrics
besi des noney. In our chronic bronchitis application, we neasure
trade-offs wth the risk of autonobile fatalities, as well as
with a dollar neasure derived from changes in the cost of |iving.
Many policy-makers are hesitant to base decisions on benefits
denom nated in dollars, and they may be nore willing to
inplicitly consider benefit values when neasured in units of a
conmon risk such as death. Converting all health outcones into
death risk equivalents facilitates cost-effectiveness analysis by
calculating the cost per statistical |life equivalent saved, and
it addresses concerns with respect to dollar pricing. Even if
the norbidity valuations are elicited in terns of trade-offs
between risks, they can still be converted into dollar values by
usi ng hedonic neasures of the value of the conparison risk if
that conparison risk is death (with the appropriate application
of sensitivity analysis to the assunmed values of life used to
make the translation).

There are reasons to suspect that consuners nay have fewer
difficulties with the task of specifying rates of trade-off of
one risk with another, as opposed to trading off a risk with a
certain dollar anount. The risk-dollar trade-off task sonetines
produces alarm st responses from subjects who cannot envision
that they would voluntarily subject thenselves to a higher risk
of a serious norbidity effect for a finite anobunt of additional
inconme. & Dollar valuation tasks also are difficult to design in

ways that subjects will find analogous to real choice situations,



and they may offer biased responses to questions that do not
force them to pay for the risk reduction being val ued. There is
a final reason to prefer the risk-risk trade-off approach. To
the extent that consuners are equally adverse to the risks from
different types of risks, asking them to trade off one risk
agai nst another produces rates of trade-off which neasure the
relative value to them of the two risks without regard to the
risk aversion which enters in trading off uncertain health risk
with certain dollars. In this sense the risk-risk trade-offs
provide values which are not as heavily influenced by the
consuners’ attitudes towards facing risks per se.

The outline of this paper is as follows. Section 2 provides
an overview of the study design and the sanple. Section 3
describes the risk-risk trade-offs whereby respondents put their
chronic norbidity valuations into auto death equivalents. 1In
Section 4 we describe the direct estimates of risk-dollar trade-
offs for chronic bronchitis obtained by asking respondents to
trade off chronic bronchitis risks with either the area’ s cost of
l[iving or property damage from stornmns. As a check of the
validity of the approach, we provide evidence on auto fatality
risk-dollar trade-offs in Section 5. These inplicit value of
life nunbers are tested against those in the literature to assess
the valibity of the survey approach. In Section 5 we also
convert all of our results for the value of chronic bronchitis to

dollar equivalents. Section 6 concludes the paper.



2. Study Design and Sanple Description
General Approach

W used a sanple of 593 shoppers from a blue-collar mall in
G eensboro, North Carolina to nmeasure wllingness-to-pay values
for reducing the probability of contracting chronic bronchitis.
The subjects made four series of pairw se conparisons of
different locations where they could live with the |ocations
differing in two attributes. In nost of these conparisons, one of
the locational attributes varied was the probability of
contracting chronic bronchitis.

The first series of questions yielded a rate of trade-off
bet ween decreases in the risk of chronic bronchitis (CB) and
increases in the risk of an autonobile fatality, thus providing
what we call a “risk-risk” trade-off. The second series of
questions determined a “risk-dollar” trade-off, where the
reduction in the risk of CB was achieved at the expense of a
location with a higher cost of Iiving.

If subjects were found to nore easily trade off a reduced CB
risk with a higher auto fatality risk than with a cost of Iliving
increase, we wanted to sort out whether this result was due to
the fact that the cost-of-living differences were neasured in
dollars or that they were given with certainty (that is, with no
risk involved over dollar ganbles). Thus , our third series of
guestions asked subjects to trade off reductions in the CB risk
with increases in a lottery on dollar |osses expressed as a risk
of storm danmge, where if a storm were to occur, it would cause

$2,000 of damage to the subject’s home and belongings. Finally,



in order to conpare the CB risk--auto fatality risk trade-offs

wth the risk-dollar trade-offs, it was useful to obtain a dollar

nmeasure of the value of reducing the risk of autonobile
fatalities. This fourth series of questions provided a rate of
trade-off of risk reduction in autonobile fatalities to increases
in a location's cost of Iliving.

The results from these four series of questions allows us to
address the follow ng questions:

* \What is the distribution of CB risk--death risk trade-offs?

* \VWat is the distribution of CB risk-- (certain) dollar trade-
of fs?

* \Wat is the distribution of CB risk-- (uncertain) dollar trade-
of fs?

* \Wiich of these three trade-offs is easier to elicit accurately
from consuners?

* \Wat is the distribution of death risk--(certain) dollar
trade-of fs?

* How does the distribution of CB risk-- (certain) dollar
trade-offs conpare with the distribution of CB risk--dollar
trade-offs derived from conbining the CB risk--death risk
trade-offs with the death risk--(certain) dollar trade-offs?

* How does the distribution of CB risk-- (certain) dollar trade-
offs conpare with the distribution of CB risk--dollar trade-
offs derived from conbining the CB risk--death risk trade-offs

with the values of I|ife derived from wage hedonic studies?

It should be noted that the first question is the nobst

important one to answer because it addresses the use of an



alternative netric to dollars for neasuring norbidity risk
willingness-to-pay values, that of another health risk, nanely
deat h. For cost-effectiveness purposes, it is not necessary to
go beyond the death risk netric, as alternative policy
initiatives can be conpared on the basis of this netric rather
t han doll ars. However, if the CB risk values measured in death
risk units translate closely to the direct dollar valuations of
reducing CB risks that we obtain, policy nakers can be nore
confident in the reasonabl eness of the risk-risk valuations.

In order to understand our enpirical results that allow
responses to the questions above, it is first necessary to

carefully describe the design of the survey and sanple.

Met hodol ogy

The task of eliciting individuals’ valuation of chronic
bronchitis is not straightforward. The first problem is that few
individuals fully understand the health effects of chronic
bronchitis. Second, once given this information, they may not
have sufficient experience in dealing directly with such trade-
offs to give neaningful valuation responses. To accommodat e
these difficulties, we developed an interactive conputer program
that would inform consuners as well as elicit trade-off
i nf ormati on.

Three different questionnaires were used, but for
concreteness let us focus on what we wll designate Questionnaire
A, After acquainting the respondent with the computer, the
program elicits information regarding the respondent’s personal

characteristics (e.g., age) . A substantial portion of the



questionnaire (about 40 questions) is then devoted to acquainting
the respondent with the health inplications of chronic bronchitis
and the nature of the trade-offs that would be encountered.

These questions elicit the respondent’s famliarity with chronic
bronchitis, information on snoking history, and provide a
detailed summary of the health inplications of chronic
bronchitis.

The thirteen principal health inplications of chronic
bronchitis are summarized in Table 1. The chronic bronchitis
di sease classification includes a variety of illnesses of
differing severity. Qur intent was not to value each possible
conmbi nation of systens, but rather to establish a nethodol ogy
that could be used to value this and other adverse health
ef fects. Consequently, our valuation procedure pertains to the
set of synptons summarized in Table 1, but the broader purpose of
our analysis is to develop a nethodol ogical approach that is nore
generally applicable to other patterns of chronic bronchitis, as
well as to different diseases such as cancer.

Since chronic bronchitis takes many fornms, this study
focused on the nost severe chronic norbidity effects. ? Thus, the
survey’'s focus is on the adverse health outconmes at the extrene
and of the cluster of diseases within the chronic bronchitis
gr oupi ng. Because a quick overview of these effects may not be
fully conprehended by respondents, in each case subsequent
guestions ascertain the respondents’ assessed disutility ranking
of each outcone in a linear 49-point scale. The purpose of these

gquestions is not to establish attribute-based utilities, but to



10.

11.
12.
13.

Table 1

Health Inplications of Chronic Bronchitis
Living with an unconfortable shortness of breath for the
rest of your life.
Being easily winded from clinbing stairs.
Coughi ng and wheezing regularly.
Suffering nore frequent deep chest infections and pneunonia.

Having to limt your recreational activities to activities
such as golf, cards, and reading.

Experiencing periods of depression.
Being unable to do the active, physical parts of your job.
Being limted to a restricted diet.

Having to visit your doctor regularly and to take several
medi cati ons.

Having to have your back mldly pounded to help renove
fluids built up in your Ilungs.

Having to be periodically hospitalized.
Having to quit snoking.

Having to wear a snall, portable oxygen tank.
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encourage respondents to think carefully about the health
inmplications of chronic bronchitis and their own view of the
effect of this disease on their well-being.

At this point in the questionnaire, the respondents confront
the first of two set of trade-off questions. I ndividuals are
presented with a choice of noving to one of two alternative
| ocations which differ in terns of their chronic bronchitis risk
and autonobile accident risk. To ensure that respondents would
be willing to consider nmaking such a nove at all, they were told
that these two locales posed a lower risk of both outcones than
their current place of residence.

Since risk levels differ across individuals, the program
elicits information regarding individual activities that are
likely to influence their person-specific risks, such as snoking
habits (for chronic bronchitis) and mleage driven per year (for
auto accident deaths). The program then inforns the respondents
that the probabilities presented in subsequent questions are
cal culated based on their responses to the earlier risk-related
activity questions, even though the same risks are actually
presented to all subjects.8 This procedure increases the extent
to which the stated risk levels are taken at face value, while
facilitating the conparison of risk trade-offs across subjects
because they all responded to the sane risks.

To ensure that respondents understand the task before
proceeding to questions in which one location is lower in one
risk but higher in the other risk, they are first presented wth

a dom nant choice situation. Let the notation (x,y) denote a
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| ocale where the chronic bronchitis probability is x/100,000 and
the autonobile death risk is y/100,000. The actual survey did

not present the choices in such abstract terns, but this notation
makes the exposition of the survey structure sinpl er.9

To ascertain whether respondents understand the task, they
are first asked whether they prefer Area A with risks per 100, 000
popul ation of (75, 15) or Area B with risks (55 11). Since each
of the Area B risks is lower, this alternative is dom nant.
Respondents who do not conprehend the task and incorrectly answer
that they prefer Area A are sent through a series of questions
that explain the structure of the choice in nore detail.

The performance with respect to the dom nance question was
quite good. Over four-fifths of the sanple gave a correct
response to the dom nance questions on their initial attenpt.
After being given additional information, fewer than one percent
of them gave an incorrect answer, and these respondents were
excluded from the sanple since they did not understand the
interview task.

The program then proceeds with a series of pairw se
conparisons in which the attributes are altered based on the
previous responses until indifference is achieved. The conputer
program used tabular summaries, but for expositional purposes we

will consider the abstract fornulation of the trade-offs.

A I f t at e- ndent iliti
Consider the following nodel of state-dependent wutilities.
Let subscript a denote Area A and b denote Area B. Al so, et

W CB) be the utility of a case of chronic bronchitis, WD equal
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the utility of an auto accident death, and UH) equal the utility
of being healthy (i.e., having neither CB nor an auto accident)
To sinplify this exposition, we assume that contracting CB and
dying from an autonobile accident are nmutually exclusive events.
Also, let X, denote the probability x/100,000 for Area A and Y,
denote the probability y/100,000 for Area A and let x, and y, be
defined simlarly. The survey continually nodifies the choice

pairs until subjects reached the situation where

(1) XaU(CB) + Y, U(D) + (1 = X - Y, )UTH)

= X U(CB) + Y U(D) + (1 - X = Yp)U(H).

Qur general objective is to establish the death risk
equi val ent of chronic bronchitis. If we assune for concreteness

that Xz > Xp and Y, > ¥, (no loss of generality), then

(2)  (Xa = Xp)U(CB) = (¥y = Y,)U(D) + (Xy = Xp + Y = Yp)U(H),

or
Y=Y Yy.~Y ’
(3) U(eB) = =2 u(D) + (1 - —3yu(H)
Xa-Xb Xa'xb

If we define the rate of trade-off between CD and D as t,, SO
t hat

Yp=Ya

’

Xa-Xb
we obtain the result that

(5) U(CB) = t,U(D) + (1 = t1)U(H)
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The utility of CB cases has been transformed into an equival ent
lottery on life with good health and death, for which we have a

wel | -devel oped literature.

Survey Structure

Now consider the first set of paired conparison questions
presented in Questionnaire A after the dom nant choice question
descri bed above. In this case, respondents are given the choice
between Area A with risks (75, 15) and Area B with risks (55,
19). Suppose that Area B is preferred in this exanple. Area B
has the lower chronic bronchitis risk and higher auto accident
risk; therefore, in subsequent questions the program raises the
CB risk in the preferred Area B until indifference is achieved.
If in the original choice the subject prefers Area A in
subsequent questions the program lowers the auto death risk in
Area B until the point of indifference is reached.

Suppose that after considering a series of such conparisons
the subject reaches indifference where he views the risk (75, 15)
as being equivalent to (65, 19). Using equations 4 and 5 above,

this would inply that

and

WCB) = 0.4U D + 0.6UH).

The second set of paired conparison questions in
Questionnaire A focuses on the nore traditional risk-dollar

trade-of f involving CB and cost of 1iving. Area A has the sane
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cost of living as the respondent’s present residence, but Area B
has a cost of living that is $80 higher, yet poses a |ower CB

risk Xy. If in the initial question Area B is preferred, Area

Bs CB risk is increased until indifference is achieved.
Simlarly, if Area A is preferred, Area B's cost of living is
reduced until reaching the point of indifference.

In the context of a state-dependent wutility function wth

two argunents, health status and inconme, we have
XaU(CB) + (1 = X,)U(H) = X, U(CB,-$80) + (1-X,)U(H,~$80).

If wutility functions are additively separable in noney and

heal th, then
XaU(CB) + (1 - Xa)U(H) = XbU(CB) + (l-Xb)U(H) + _U(-$80),

which sinplifies to

(X, - X )U(CB) = U(-80) + (Xz = Xp)U(H),

or
U(-$80)
U(CB) = ——— + U(H).
(X3=Xp)
If we assume that wutility is linear in noney (with a coefficient
equal to one) in establishing our health valuation scale, then we

have
weB) = -L + UH),

i.e., CB is equivalent to being healthy and suffering a financial

loss tantanmobunt to L dollars, where
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-$80
L = .
Xa=Xp

This procedure to establish a risk-dollar trade-off rate
invol ves two assunptions regarding the structure of wutility
functi ons. First, we assune additive separability wth respect
to noney and heal th. Second, we assunme that the dollar
magni tudes treated are sufficiently small that utility is
approximately linear in noney. Since even risk-averse utility
functions neet this test for snmall nonetary changes,lO we
selected our health-risk levels so that the dollar nagnitudes
i nvol ved be snall.

The structure of Questionnaire B is simlar to Questionnaire
A except the certain $80 loss in terns of living costs has been
replaced by a lottery on $2000 storm damage | oss. In this case
respondents nust specify the storm damage probability that
establishes an equivalent CB-storm danage pair. I'f we assune
that respondents are risk-neutral, then the storm damage |oss can
be replaced by its expected value. The possible advantage over
the cost-of-living approach is that respondents may be able to
make nore neaningful conparisons of two different lotteries
rather than having one attribute -- the dollar payoff -- being
non- st ochasti c. As with the first set of questions in
Questionnaire A, if the consuner prefers Area B in the initial
question, the program |eads the consunmer to indifference by
increasing the CB risk of Area B until indifference is achieved.

Simlarly, when the consunmer initially prefers Area A the
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program reduces the storm damage risk in Area B until reaching
the point of indifference.

Questionnaire C repeats the first part of Questionnaire A
and these sanples are pooled in the analysis bel ow The second
set of questions addresses the nore traditional death risk--
dollar trade-off using auto deaths and cost-of-living trade-offs.
The structure is simlar to that of the second set of questions
in Questionnaire A except that CB has been replaced by auto

fatality risks so that respondents nust reach the point that

WD = -L+ UH,

wher e
-80

L + ——
Xa~Xp
as before. This portion of the study provides a direct
conparability test with the literature on market-based values of
life. The fatality risk--dollar trade-offs will also be used in
conjunction with the chronic bronchitis--fatality risk trade-offs
to establish a chronic bronchitis--dollar trade-off rate.

Table 2 summarizes the structure of the 3 questionnaires

descri bed above.

Sanpl e Description

The interviews of the subjects were all done through an
interactive conputer program thus avoiding problens of
interviewer bias and pronoting honest revelation of preferences.

Response rates to sensitive questions, such as incone |evel, were



Questionnaire A

Trade-O f

1. Chronic bronchitis -
aut o deaths

2. Chronic bronchitis
cost of living

Questionnaire B

1. Chronic bronchitis
storm damage

Summary of

Table 2

Survey Structure

Units of Measurenent

Auto deaths per chronic

bronchitis case

Dol I ar val ue per
1/ 100, 000 reduced
risk of bronchitis

Reduced probability of
$2000 storm damage
that is equivalent to
one bronchitis case
prevent ed

17

Pr ocedure

In the area with the
hi gher auto accident
risk, increase the
bronchitis risk (to
meke that area |ess
desirable) or reduce
the auto accident
risk (to make that
area nore desirable)
until reaching in-

di fference.

n the area with

| ower bronchitis
risk, increase the
bronchitis risk (to
make that area

| ess desirable) or
decrease the cost of
living (to nake that
area nore desirable)
until reaching in-
di fference.

n the area with the
hi gher storm danmage
risk, increase the
bronchitis risk (to
meke that area |ess
desirable) or reduce
the storm damage
risk (to make that
area nore desirable)
until reaching

i ndi fference.



Table 2 (cont’d)

Summary of Survey Structure

Questionnaire C

1. Chronic bronchitis - Auto deaths per chronic In the area with the
auto deaths bronchitis case hi gher auto acci dent
risk, increase the
bronchitis risk (to
(Sane as Questionnaire A - Part 1) meke that area |ess

desirable) or reduce
the auto accident
risk (to make that
area nore desirable)
until reaching in-
di fference.

2. Auto accidents - Dol | ar val ue per In the area wth
cost of living 1/ 100, 000 reduced | ower auto accident
risk of an auto risk, (to make that
acci dent area |ess desirable)
or decrease the cost
of living (to make

that are nore
desirable) until
reaching indif-
f erence.



much higher than those usually achieved with face-to-face

i ntervi ews. In addition, subjects were not concerned wth

whet her their responses inpressed the interviewer. Use of a
conputer also nmade it possible to ask a sequence of questions to
ascertain the appropriate marginal rates of substitution.

The sanple was recruited for the study by a professional
marketing firm at a mall intercept in Geensboro, North Carolina.
This locale has a representative household mx and is used as a
test marketing site for many national consumer brands. This firm
and | ocale have been used successfully in two previous studies by
the authors. 11 Use of such a consumer sanple also yields nore
reliable responses to issues such as the valuation of property
damage from storns than would a student sanple or a sanple from a
city with an unrepresentative population, such as the college-
oriented cities of Evanston, Illinois, or Chapel HIl, North
Carol i na.

Table 3 provides a glossary of the variables and the
associ ated sanple statistics. Questionnaires A and C had a
simlar mx of respondents, wth a nmean age in the low thirties.
a even split between nales and fenales, two years of college
education, a 50 percent married rate, about 0.6 children under 8
years old, a household size of 2.7 - 2.8, and a household incone
in the md-range of thrifty to forty thousand doll ars.
Questionnaire B has a sonmewhat different mx because of the
difference in the tines at which the sanples were recruited
(e.g., week-end shoppers differ from day-tine weekday shoppers).

The Questionnaire B sanple is about 10 years older, nore likely



Table 3

Summary of Sanple Characteristics

Mean and Std. Deviations

Questionnaire

Denogr aphi ¢
Vari abl es A B c
AGE, in year 33.74 43. 47 33. 07
(12. 42) (12. 68) (11. 66)
MALE, sex dummy 0. 50 0.42 0.51
vari abl e
EDUCATI QN, years of 14.02 14. 32 13.79
school i ng (2.23) (2.47) (2. 66)
MARRI ED, narried 0.49 0.79 0. 49
dummy vari abl e (0.50) (0.41) (0.50)
KIDS, nunber of 0. 56 0. 83 0. 65
children under 8 (1.00) (1.04) (1.07)
HOUSEHOLD, nunber of 2.71 3.00 2.80
people in household (1.25) (1.16) (1.23)
| NCOVE, annual 35, 386. 60 45, 367. 65 37,153. 85
househol d incone (19, 009. 95) (20, 335.54) (21, 333. 80)
in dollars

194 204 195
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to be married, and with a household income about $10,000 greater.
As the last row of Table 3 indicates, e€ach of the three sanples
had about 200 respondents, W th conbined sanple for the study of
593.

3. R sk-Risk Trade-Ofs

Table 4 displays the neans and standard deviations of the
trade-off rates inmplied by the indifference points of the subject
responses. To go beyond these summary statistics, consider first
set of trade-offs between CB and auto accident deaths. For this
anal ysis Questionnaires A-1 and C1 are pooled since the
guestions are identical.

Establishing a death risk netric for CB enables respondents
to think in risk terns, avoiding the conparability problens that
m ght be encountered if nonetary attributes were introduced.
Simlarly, for policy purposes EPA can establish a death risk
equi val ent and establish cost-effectiveness ratios in terns of
the cost per statistical death prevented. As indicated in
Viscusi (1986), this cost-effectiveness index wll provide a
conprehensi ve neasure of the policy inpact and also avoid the
political sensitivities of placing dollar values on all health
out cormes. Once a uniform health netric is established, one can
then conpare the cost per |ife equivalent saved with various
val ue-of-life reference points and decide whether the policy
should be pursued if one wishes to take a benefit-cost approach.

Unli ke market-based studies of the value of life, the survey
technique yields information on the entire distribution of the

val uati ons. Table 5 reports the deciles of the distribution for



Table 4
Rates of Trade-off Inplied by Indifference Points
Means and Std. Deviations
Part B Questionnaire
Trade-of f Rates A B C
CB-Auto (A1 & C1), 0. 68 - 0.70
auto deaths per CB case (0.82) (0.95)
CB-Cost of Living (A-2), 8.83 - -
dol l ar val ue per (12.50)
1/ 100,000 CB risk
CB-Storm Damage (B-1), - 852. 60 -
nunber of $2,000 storns (1064. 20)
equal to one CB case
Aut o- Cost of Living (G 2), - - 81. 84
dol l ar val ue per 1/100, 000 (168. 54)
reduced auto accident risk
Sanple Size 194 204 195




Table 5
Distribution of Chronic Bronchitis --

Auto Death Trade-Offs

Auto Death Equivalents per Chronic
Bronchitis Case

Decil e
.10 0.12
.20 0. 20
.30 0. 23
.40 0. 27
.50 (medi an) 0.32
. 60 0. 40
.70 0. 80
. 80 1. 00
.90 1.33

1.00 4. 00

Mean 0. 68

(St. error of nean) (0.06)
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respondents who gave consistent answers that converged to a
particular trade-off val ue. Subj ects whose responses indicated
that they did not fully conprehend the valuation task were
excluded from our sanple.

Specifically, we excluded subjects who failed one of the
follow ng consistency checks:

1) they started the series of paired conparison questions by
preferring one area, say Area A and as Area B was nmde
nore desirable in subsequent conparisons they continued to
prefer Area A even on the last question of the series in
which Area B domnated Area A on both attributes;

2) i ke inconsistency #1, they continued to prefer Area A in
each conparison until the last one in which Area B dom nated
Area A in both attributes, yet on this l|last question they
indicated indifference between Area A and Area B;

3) they indicated preference for one area, say Area A on the
first and all subsequent questions in the series (including
the last one in which Area B domnated Area A), then when
confronted with this inconsistency and asked to repeat the
series of questions chose Area B in the first question
(despite have selected Area A the first tine they were given
this question);

4) they indicated preference for one area, say Area A on all
guestions in the series except the last one in the series (in
which Area B dominated Area A) but including the next-to-Iast
guestion (for which Area B easily domnated Area A on one

attribute and Area A just barely domnated Area B on the
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other attribute) , thus making it inmpossible to interpolate
between the trade-offs inplied by the last two questions to
obtain an indifference point (because the last question
yields no rate of trade-off); or

5) they expressed indifference between all pairs of areas in the
series of questions, despite wide variation in their

attri butes.

Individuals who failed one of these inconsistency checks either
did not understand the choice task, were not responding honestly,
attached no value to one of the two attributes, or have non-
nmonotoni ¢ preferences for one of the attributes. We assune that
neither of the last two preferences attributes are possessed by
any subjects, thus inplying that answers which fail any of the
five inconsistency checks do not represent the subjects’ true
preferences.

The requirenment that the response pattern to the series of
paired conparisons be internally consistent wll lead to nore
meani ngful estimates than if no such checks were inposed. AaApout
two-thirds of the sanple converged to an indifference situation
and had consistent responses, where this percentage was similar
across all questionnaires. 21 These consistency checks
di stinguish our approach from the wusual contingent valuation
method in which respondents’ answers are taken at face value
wi thout such formal tests of whether the subjects understood the
valuation task and displayed consistent choices.

In evaluating the distribution in Table 5, first consider

the respondent at the tenth percentile. This person viewed a
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chronic bronchitis probability as being just as severe as a risk
of an auto accident that was 0.12 as (great. Thus, this

i ndividual would view a chronic bronchitis risk of 100/100, 000
risk of 100/100,000 per year as being equivalent to the annual
chance of being involved in an auto accident of 12/100, 000.

Now exam ne the respondent at the other end of the
di stribution. This individual views a chronic bronchitis risk as
being four tines as severe as a risk of death, so that a
100/ 100,000 risk of CB would be viewed as conparable to a
400/ 100,000 risk of death. He or she gave consistent responses
to the questions, but opted for the choice reflecting the highest
CB val uati on.

Many studies in the survey valuation literature exclude the
tails of the distribution since they are tainted by extrene
respondents such as this. Rat her than discard such information
altogether, we report the entire distribution, recognizing that
the top and bottom deciles may be affected by a lack of conplete
understanding of the interview task. The reported distributions
enable readers to assess how inportant outliers are within the
context of the study and by focusing primarily on the nedian
responses rather than the nean we avoid the distortion of our
results by these outliers.

The response pattern in which CB was nore highly valued than
auto death risks was exhibited by the top two deciles for each
guestionnaire’s response distribution. Such a pattern is not
necessarily inplausible. In addition to possibly

m sunderstanding the interview task, two explanations can be
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of f er ed. First, individuals mght legitimtely believe that such
a severe chronic illness is a worse outcone than death. The
health outcone described in Table 1 is quite serious and wll

have substantial duration. Their normal activities would be
curtailed, medical interventions including hospitalization and
possible reliance on a portable oxygen tank would acconpany
severe cases of CB, other illnesses would be nore likely, and
they woul d experience periods of depression.

The second possible explanation is that the respondents were
establ i shing equivalences between different average risks in an
area rather than different risks to thenselves. The CB risk was
characterized as an involuntary risk not under their control

except for snoking, whereas the auto accident risk differs
depending on one’s driving habits and skills. Qher studies
suggest that individuals nay have overly optimstic assessnents
of risks influenced by their actions, such as auto death risks,
as discussed in Viscusi and Magat (1987). If this were the case
the perceived person-specific risk would be below the stated

ri sk, causing an upward bias in the results in Table 5.

The nedian CB valuation is equivalent to 0.32 auto deaths.
Because of the skewed nature of the responses, the nean val ue of
0.68 is nore than double the nedian response. Regr essi on
analysis of the CB-auto death trade-off rates indicate no
significant variation across subjects with respect to either
denogr aphic factors such as age, incone, and education, or
personal characteristics such as snoking habits. This result is

nei ther surprising nor disturbing. Most individual attributes,
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such as household incone, should affect the CB valuation and the
value of life simlarly, and thus be unrelated to variation in
the CB--auto death trade-off rates across subjects. Because
there are no systematic differences anong individuals in their
risk-risk trade-offs, we can aggregate them into neani ngful
summary nmeasures such as nedians and neans w thout the risk of
drawi ng m sleading conclusions from an unrepresentative sanple.
The general inplications of these results is a follows.
Most, but not all, people regard the risk of chronic bronchitis
as a less severe outcone than the risk of death. However, the
prospect of a sustained chronic illness is viewed as a very
severe outcone. Based on the nedian responses, the death risk
equivalent of CB is. 0.32, and based on the nean response it is
0. 68. The general order of mnmagnitude of both the median and the
nmean is the same and is just below that of fatalities. As wll
be indicated in Section 5, these statistics can be transforned
into dollar valuation equivalents wusing established value-of-life

statistics.

4. Ri sk-Dol lar Valuations of Chronic Bronchitis

The second approach that we enployed to value chronic
bronchitis was to establish risk-dollar trade-offs. The two
approaches used were to establish the chronic bronchitis risk
equi valent of a higher cost of living and to determne the
rel ati onship between chronic bronchitis risks and storm damage
risks.

Consider first the cost-of-living results in Table 6. The

first colum of Table 6 lists the decile of the distribution.



Table 6
Distribution of Chronic Bronchitis -

Cost of Living Trade-Ofs

Trade-Of Levels

Dol | ar Val ue per Implicit Dollar
1/ 100, 000 Reduced Ri sk Val ue per Case
of Chronic Bronchitis of Chronic
Decil e (A-2) Bronchitis
.10 1.50 $150, 000
.20 3.00 $300, 000
.30 3.50 $350, 000
.40 4. 00 $400, 000
.50 (rmedian) 4.57 $457, 000
. 60 5.33 $533, 000
.70 6. 40 $640, 000
. 80 8. 00 $800, 000
.90 20. 00 $2, 000, 000
1.0 80. 00 $8, 000, 000
Mean 8. 83 $883, 000

(St. error of nean) (1.14) ($114, 000)
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Colum two presents the increased dollar value in the annual cost
of living that the respondent was willing to incur per 1/100,000
reduction in the annual probability of chronic bronchitis. If we
multiply the results in colum 2 by 100,000, we obtain the
inmplicit dollar value per statistical case of chronic bronchitis.
As in the case of the risk-risk results, the response
pattern is skewed so that the upper tail of the responses
generates a mean valuation estimate in excess of the nedian. The
results here indicate the average dollar value of chronic
bronchitis is $883,000, with an associated standard error of

$114, 000. The $457,000 nedian of the distribution is just over

hal f of the nean. Each of these values is below the usual
estimates of the inplicit value of life, which are reviewed in
Vi scusi  (1986). These results follow the expected pattern, given

the CB--auto death risk trade-off results reported above.

As in the case of the risk-risk trade-offs, the upper bound
of the chronic bronchitis valuation estimtes exceeds nost
estimates of the value of a fatality, as $8 mllion exceeds sone
but not all estimates of the value of life. Mre precise
conparisons of all of the results using a dollar netric will be
undertaken in Section 5.

The second set of CB risk-dollar trade-offs, which is
reported in Table 7, wuses storm danmage risks as the dollar
counterpart so that respondents nust conpare nonetary lotteries
and health status lotteries rather than certain nonetary (cost of
living) differences with health status lotteries. The first

colum of results gives the value of y for which a storm causing
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Table 7
Distribution of Chronic Bronchitis --

Storm Danage Trade-offs

Equi val ent  $2000 Implicit Dollar
Damage Probability Val ue per Case
(x100, 000) of Chronic
Decil e Bronchitis
.10 175. 00 $350, 000
.20 228.57 $457, 140
.30 266. 67 $533, 340
.40 266. 67 $533, 340
.50 (nedian) 400. 00 $800, 000
. 60 533. 33 $1, 066, 660
.70 800. 00 $1, 600, 000
.80 1, 333. 33 $2, 666, 660
.90 2, 000. 00 $4, 000, 000
1.0 4, 000. 00 $8, 000, 000
Mean 852. 60 $1, 705, 200

(St. error of mean) (91.93) ($183, 860)
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damage of $2000 with a probability of y/100,000 is equivalent to
a chronic bronchitis probability of 1/100, 000. A nore neani ngf ul
metric is the expected storm damage that is equivalent to each CB
case. This figure is obtained by nmultiplying the first colum of
results by the $2000 damage per storm damage event. The second

colum of results gives the dollar value per statistical case of

chronic bronchitis, where these dollar values have been obtained
using the storm damage costs.

A conparison of the distributions of inplied CB valuations
in Tables 6 and 7 suggests that the subjects may have found the
storm damage lottery conparison to have been nore difficult to
make than the conparison with a non-probabilistic cost-of-1living
I ncr ease. The distribution derived from the storm damage lottery
conpari son stochastically domnates the distribution from the
cost-of-living conparison, with both its nedian and nean al nost
double that of the cost-of-living distribution. Based on a
conparison with the dollar values of avoiding autonobile accident
fatalities reported in next section, the CB avoi dance val ues
derived from the storm danmage lottery questions appear to be
sonewhat hi gh. Further, the standard error of the nean is about
50 percent higher for the distribution derived from the storm
damage distribution than for the cost-of-lived based distribution
of CB val ues. In any event, these results do not suggest that
expressing dollar trade-offs in probabilistic form as in the
storm damage lottery, aids people in making risk-dollar trade-

offs, which was our original hypothesis.
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5. Trade-Ofs Between Auto Deaths and Cost-of Living

A useful check on the survey nethodology is to ascertain the
inplicit value of life using a direct fatality risk-dollar trade-
of f. This is done using autonobile accident risks and cost of
l[iving in Questionnaire C 2, and the results of this exploration
are reported in Table 8.

The nedi an response of $2,286,000 is quite reasonable in
view of the simlar (in 1987 dollars) narket-based estimte by
Bl onqui st (1979), but the nean value of $8,184,000 seens rather
| ar ge. The high nmean estimate was generated by a portion of the
sanple with value of life estimates as high as $80, 000, 000. Such
implausibly large estimates can occur because of the difficulty
of the conparison task. Respondents are being asked to establish
an equival ence between sone annual chance of chronic bronchitis
x/ 100,000 that is equivalent to an $80 cost-of-living increase.
This is a difficult conparison to nake. In contrast, the risk-
ri sk questions focused on chronic bronchitis--auto accident risk
conparisons of x/100,000 and y/100,000, where nobst respondents
did not believe that the severity of outcones differed by nore
than an order of magnitude

The inplicit dollar value of CB can be obtained by chaining
the responses to questionnaire part GC1, which gives the CB-auto
death trade-off, and part G2, which gives the auto death--
dollars trade-off. These results appear in Table 9. The nedi an
dollar value of each chronic bronchitis case is $800, 000. The
nean is much greater because there is one outlier with a $320

mllion value. This individual expressed extrene responses on



34

Tabl e 8

Distribution of Auto Accident --

Cost of Living Trade-Ofs

Dol | ar Val ue per Inmplicit Dollar
1/ 100, 000 Reduced Val ue of
Deci l e Ri sk of an Accident an Acci dent
.10 10. 00 $1, 000, 000
. 20 17. 50 $1, 750, 000
.30 17. 50 $1, 750, 000
.40 20. 00 $2, 000, 000
.50 (nedian) 22. 86 $2, 286, 000
. 60 26. 67 $2, 667, 000
.70 40. 00 $4, 000, 000
. 80 80. 00 $8, 000, 000
.90 177.78 $17, 778, 000
1.0 800. 00 $80, 000, 000
Mean 81. 84 $8, 184, 000

(St. error of nean) (14. 40) ($1, 440, 000)




Table 9
Implicit Valuation of Chronic Bronchitis
Inplied by CB--Auto Death and Auto Death --

Cost of Living Trade-offs

Questionnaire C

Fractiles Inferred CB Val ue
.10 $200, 000
.20 $350, 000
.30 $522, 449
.40 $646, 154
.50 $800, 000
. 60 $1, 066, 667
.70 $2, 133, 333
.80 $3, 555, 556
.90 $12, 800, 000
.99 $71,111, 111

1.00 $320, 000, 000
Mean $6, 962, 364
(Std. Error of Mean) (%$2,977, 373)

(N = 112)
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each conponent part, Vvaluing each CB case at four tinmes the
anount of each death and having an inplicit value of an auto
fatality of $80 million. In each case, these were the highest
values in the sanple and the highest permtted by the Program
which indicates that this individual probably did not understand
the valuation task.

As instructive summary of the results is provided in Table
10. For the results creating CB/auto death risk equivalents, the
nunbers have been transforned into inplicit value-of-life terns
using three different reference points: a $2 mllion value of
life; a $3 million value of life; and a $5 mllion value of life
The $2 mllion figure is conparable to the nedian auto death risk
valuation within the survey so that this estinmate provides an
internal conparison of the results. The $3 mllion figure is
i ncluded since the recent estimates by More and Viscusi (1988)
indicate that the l|abor nmarket value of life is in the $2-$3
mllion range using BLS data, and this was the “best estimte” of
the value of life in earlier work by Viscusi (1983). The $5
mllion reference point is the value of l|ife figure obtained
using new NIOSH data on job fatality risks, which More and
Viscusi (1988) view to be superior to the BLS data

The pattern displayed by the results is fairly simlar. In
each case nean valuations are at |east double the value of the
medi an. Al t hough one would not expect symetry in a distribution
truncated at zero, the very high end responses observed appear to

be due to response errors.
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Tabl e 10
Summary of Risk-Dollar Equivalents
CB Dol I ar CB Dol I ar
CB Estimate Esti mate Esti mate
Di rect Usi ng Usi ng Usi ng
Valuation $2 Mllion $3 MIllion $5 Mllion
Esti mat e Value of Life Value of Life Value of Life
CB/ Auto Fatality:
A1l & CG1 (Median) - - $640, 000 $960, 000 $1, 600, 000
A1l & CG1 (Mean) - $1, 360, 000 $2, 040, 000 $3, 400, 000
CB/ Cost of Living:
A-2 (Medi an) $457, 000 T - - -
A-2 (Mean) $883, 000 - T -
CB/ St or m Danage:
B-1 (Median) $800, 000 -- - -
B-1 (Mean) $1, 705, 200 -- - --
CB/Dollars (Derived from CB/Auto Fatality and Auto/Cost of Living):

Gl & G2
Gl & G2

Aut o/ Cost  of Living:

C 2 (Median)
C 2 (Mean)

$800, 000

$6, 962, 364

$2, 286, 000
$8, 184, 000
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The nost clearcut divergence from plausible patterns is the

nmean value of |ife of $8,184,000 for the auto death\cost-of-
living trade-off. Wiereas the nean CB/auto values were roughly
double the nedian, the nean auto/cost of living values were

alnrost four tines the size of the nmedian, indicating a rmuch nore
skewed distribution. As noted in the discussion of Table 8, this
mean value was influenced in part by individuals with inplied
values of life as high as $80 mllion. These outliers suggest
that for some People meking neaningful trade-offs involving snall
cost-of-living differences and low risks of auto accident
fatalities is a task they cannot handle effectively.

The valuation of chronic norbidity across the difference
guestionnaire approaches is quite simlar for the case in which
we use a $2 mllion value of life figure to transform the death
equi val ent statistics into nmeaningful dollar estimates. The
nmedian value for the CB/auto death risk trade-offs is $640, 000,
as conpared with a median value of $457,000 for the CB/cost of
living trade-off and a nedian value of $800,000 for the CB/storm
damage results. These results are simlar to the $800,000 nedian
CB value that was obtained by chaining the CB/auto and auto/cost
of living responses. Even with a higher value of life of $3
mllion, the CB/auto nedian of $960,000 is not out of line wth
the CB/cost of living and CB/storm damage results.

Once we nove to the case where a $5 million value of life is
used, the nedian dollar valuation of each CB case prevented is
greatly increased to the $1, 600, 000. If EPA were to rely on, for

exanmple, the CB/cost of living results to value CB and then use a
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value of life of $5 mllion wthout also using an appropriately
adjusted CB value, this procedure could potentially understate
the value of the CB cases prevented by a factor of three. By
converting all outconmes to a health risk equivalence scale using
a death risk netric, EPA avoids any distortion in the mx of
targeted illnesses that mght otherwise occur if the value of

life nunber selected was incorrect.
6. Concl usi on

Al t hough narket evidence remains our nost reliable guideline
for assessing the shape of individual preferences, such evidence
is unavailable for many outcones that are either not traded
explicitly in markets or traded inplicitly but in a market for
which available data are not rich enough to identify the
pertinent trade-off rates. Analysis of risk-risk and risk-dollar
trade-offs using various types of sinulated market choices
provides a wuseful mnmechanism for establishing such values.

This study has developed a nethodology for deriving
norbidity valuation estimates based on the trade-off wth another
wel | -known risk, rather than forcing individuals to express
trade-off rates between norbidity rate reductions and dollars, a
task which is unfamliar to nost people. W presented several
conceptual reasons why consuners should be able to nore
accurately convey risk-risk trade-offs than risk-dollar trade-
offs, and the application of our nethodology to the valuation of
reductions in the risk of chronic bronchitis indicate that nost

individuals can make risk-risk trade-offs, even with a disease as



conplicated and unfamliar to healthy people as chronic
bronchitis.

Al though for the purpose of cost-effectiveness analysis
there is no need to neasure risk reduction value in terns of
dollars, when we translated our risk-risk estimates into risk-
dollar estimates using either survey results on auto accident
risk reduction values or published value-of-life estimtes, the
distributions conpared favorably, thus providing additional
confidence in the reasonabl eness of the results derived from our
met hodol ogy. Wiile this study applied the approach to the
valuation of only two risks, that of chronic bronchitis and an
auto accident fatalities, the favorable results suggest that the
net hodol ogy nay be nore widely applicable to other norbidity

ri sks, such as various forns of cancer.
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Foot not es

lsee Viscusi (1986) for a review of the market trade-off
literature.

25ee anal ysis by Blomguist (1979) for an inventive use of
seatbelt usage data to infer a value of life.

3Survey studies of various health and environnental risks
include the semnal work by Acton (1973) as well as nore recent
studies often grouped under the designation “contingent
valuation. “ These recent analyses include: Brookshire, Thayer,
Schul ze, and d’ Arge (1982) ; Cunmings, Brookshire, and Schulze
(1986); Fischhoff and Furby (1988); GCerking, de Haan, and Schul ze
(1988); Smth and Desvousges (1987); Viscusi and Magat (1987);
Vi scusi, Magat, and Forrest (1988); and Viscusi, Mgat, and Huber
(1987); and Fisher, Chestnut, and Violette (1989).

4 I'n desi gning our survey, we used software from Sawt ooth
Software, Inc.

SFor an i nportant recent study of the valuation of health
risks rather than nortality, see Berger et al. (1987).

SFor exanpl e, see Viscusi, Mgat and Huber (1987), pages
477- 478.

7see Petty (1985) for a discussion of the distinction
between chronic bronchitis, the related disease enphysema, and
the broader disease category called chronic obstructive pulnonary
di sease. The authors selected the type of chronic bronchitis
described in Table 1 after consulting closely wth tw |ung
specialists at Duke University Medical Center and visiting the
Medical Center rehabilitation program for patients with severe
| ung di seases.

8at the end of the interview, subjects were carefully
debriefed about this use of average rather than person-specific
risks.

%our past studies suggest that presenting the risk in terns.
of the nunmber of cases for a large base population is nore
conprehensible than giving risk Ilevels such as 0.00075.

10see Arrow (1971).

llsee Viscusi and Magat (1987) and Viscusi, Mgat, and Huber
(1987)



12probit anal ysis was used to identify personal
characteristics that explain the division of subjects between
those giving consistent and inconsistent responses. The only two
significant variables in the equation are ACE and SMXKER, wth
ol der respondents less likely to give consistent responses and
snmokers nore likely to respond consistently. These results may
reflect the difficulty that older subjects have with the new
interview technology (conputers) and the greater thought that
snokers have given to the inplications of chronic bronchitis.
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| NTRODUCTI ON

To value a program that reduces the probability of contracting a

chroni c disease, one would like to know what a person who does not have the
di sease would be willing to pay to reduce his probability of getting it.
The sum across individuals of these willingnesses to pay, plus the expected
costs of the disease that are not borne by these individuals, conprise the
theoretically correct neasure of social benefits from reducing incidence of
the disease.

In this paper we neasure the nedical costs and |ost productivity
associated with various chronic heart and lung diseases. Qur justification
for focusing on these conponents of the social cost of illness is that
medi cal costs and lost earnings are often not borne by individuals
t hensel ves and, hence, are unlikely to be reflected in willingness to pay
figures. Therefore, they must be added to willingness to pay estimates to
compute the total benefits of reducing the incidence of a disease.

Ef fects on Earnings

Qur estimates of the effects of chronic illness on |abor force
participation and on earnings differ in two respects from those available
inthe literature (Bartel and Taubman, 1979; Sal kever, 1985). First, our
dataset--the Social Security Survey of Disabled and Non-Disabled Adults-
-allows us to distinguish the effects of individual diseases (e.g.
enphysema, chronic bronchitis) rather than disease categories (chronic
respiratoryillness).1 As one mght expect, there is significant
variation in the effects of individual diseases within broader categories:
Enphysema, for exanple, has a large negative effect on earnings whereas
chronic bronchitis does not. Hypertension has no significant effects on

1. The diseases studied are: allergies, asthma, chronic bronchitis,
enphysema, other chronic lung disease, arteriosclerosis, heart attack,
hypertension, other chronic heart disease and stroke



probability of participation or on earnings, whereas a heart attack
occurring between 45 and 54 reduces both.

Second, we exam ne how the effect of each disease varies with age of
onset and duration. It is generally believed (Bartel and Taubman, 1979)
that, other things equal, a person is nore likely to participate in the
| abor force at any age the earlier in life he contracts a chronic disease
The argunent is that the benefits of making adjustnments to the disease
(retraining, changing occupations) are larger the earlier in life the
di sease begins. Thus, the earlier the age of onset the nore likely it is
that adjustnents will be made. It is not, however, clear that the human
capital argunent applies to the diseases examned here, nost of which are
contracted later in life. Since one seldom w tnesses changes in occupation
after age 45 it is unlikely that small variations in age of onset matter
after this age. Indeed, age of onset may have a positive effect on
participation if a disease is nore serious when contracted at an earlier
age.

It is also of interest to see how the duration of a disease alters
| abor market behavior. For two persons who contracted enphysema at age 45,
are effects on earnings greater for a person currently 50 or for a person
currently 60? Hol ding age of onset constant, this is equivalent to asking
whet her the disease has a greater effect on participation and earnings when
one has had the disease for five years or for fifteen years. One mght
hypot hesi ze that the |onger one has had a disease the |onger he has had to
adjust to it; hence, labor market effects should dimnish with duration
On the other hand, for progressive diseases, e.g., enphysema, the |onger
one has had the disease the nore serious it is likely to be

W find that the tendency of chronic disease to reduce |abor force
participation and earnings does not increase with age of onset. Indeed,
for enphysema, heart attack, arteriosclerosis and stroke, an age of onset
between 45 and 54 significantly reduces the probability of working at al
future ages, but an age of onset between 55 and 65 does not. It mght seem
that this result occurs because people who contract a disease earlier wll,
on average, have had it for a longer time than persons who contracted it



later in life. For enphysema this appears to be true. \Wen duration is
hel d constant, it is having the disease for 6 or nore years that affects

| abor market behavior rather than contracting it at age 45. For heart
attack, arteriosclerosis and stroke, however, the duration of the disease,
hol ding age of onset constant, has no effect on participation.

Medi cal Costs

Qur estimates of nedical costs, which conme from the National Medica
Care Expenditure Survey (NMCES), have two advantages over existing
estimates of medical expenditures (National Heart, Lung and Bl ood
Institute, 1982; Hartunian et al., 1981). The National Heart, Lung and
Blood Institute allocates aggregate costs, such as hospital costs and
doctor costs to diseases based solely on a disease’s proportion of tota
activities, e.g., hospital days and total doctor visits, respectively.
This approach has two shortcomings: (1) it assumes that the average cost
of, say, a hospital day or doctor’'s visit is the same for all diseases, and
(2) it does not allow one to examne the distribution of medical costs per
person. An alternative "engineering" approach is to multiply the nunber of
hospital days or doctor visits attributable to a condition by the typica
price for a hospital day or typical price for a doctor visit for that
condition (see e.g., Freeman (1976)). This approach circunvents the first
obj ection raised above but not the second

By using individual data on nedical costs, collected over a one-year
period for over 40,000 persons, we are able to examne the distribution of
nedi cal costs per person by disease. Qur npst interesting results pertain
to the size distribution of nedical costs. For the five diseases whose
medi cal costs we study--bronchitis, enphysema, hypertension, ischemc heart
di sease and non-specific heart disease--the distribution of annual costs
per person is highly skewed. For enphysema, ischemc heart disease and
non-specific heart disease nedian expenditures are less than one-tenth of
mean expenditures. For bronchitis and hypertension nedian expenditures are
about one-fourth of nean expenditures

Because NMCES contains information on source of paynent, it is also
possible to see to what extent individuals and their famlies bear the



medi cal costs of these diseases. For enphysema, ischemc heart disease and
non-specific heart disease only about 10% of aggregate medical costs are
borne by patients’ fanilies. The percentages are somewhat higher for
bronchitis (34% and hypertension (23%. The percent of cost borne by the
patient’s famly differs, however, by size of cost. As noted above, the
majority of persons with the diseases studied here incur small annua

medi cal expenses. Averaging across individuals, the fraction of nedica
costs paid for by one’s famly is 2/3 for hypertension and bronchitis and
hal f for enphysema, ischemc heart disease and non-specific heart disease
This inplies that, on average, individuals (or their fanilies) pay a higher
fraction of small nedical expenditures than of |arge ones.

THE EFFECT OF CHRONI C | LLNESS ON LABOR FORCE PARTI Cl PATI ON AND EARNI NGS
The Model

In nmodelling the effects of various diseases on earnings it is
standard practice (Bartel and Taubman, 1979; Mtchell and Butler, 1986) to
distinguish the effects of each disease on participation fromits effects
on earnings given that one participates. Debilitating diseases such as
emphysema and stroke may force a person to drop out of the l|abor force
because he is physically unable to work, or may reduce earnings to the
point where they fall below the reservation wage. If a person continues
working he may curtail hours (if free to do so) or suffer a drop in pay
because he changes jobs or because his productivity falls. This inplies a
drop in earnings, conditional on working

The decision to participate, and earnings, conditional on
participation, constitute a two-equation system The individua
participates if the decision function, It, i's non-zero. Earnings, Y
are observed only if the individual participates.

t’

It - zts - e, Participation decision (1)
Participate if It 20,
Yt = xtB +u, Earnings in |abor narket (2)



Y observed if It 20

Yt not observed if It < 0.
Equation (1) can be viewed as a reduced-form equation that results
from conparing the utility received from income and |eisure, conditional on

working, with the utility received from incone and |eisure given that the
i ndi vi dual does not work. If income and |eisure in each state are replaced
by their exogenous determ nants, one obtains equation (1).2

Because earnings in (2) are observed only for working persons,
estimation of (2) involves a classic selectivity problem persons for whom
earnings data are available are in the lower tail of the error distribution
in equation (I). As long as the errors in equations (1) and (2) are
correlated, applying least squares to (2) results in inconsistent paraneter
estimtes since E(utlzts 2 et) 4 0.

To obtain consistent estimates of this system we follow the two-stage
approach outlined by Lee (1983) [see al so Maddala (1983)]. W assune that
the error termin the participation equation has a logistic distribution
F(et) - 1/[1+exp(—zt8)],and estimate a logit nodel of |abor force
participation. The error term e_ can be transformed to an error term

t

et with a standard normal distribution,

et = J(e,) = ¥(F(e),

where @ 1 Is the inverse of the standard normal distribution function
Assum ng that e§ and u, are bivariate normally distributed with
correlation coefficient p and V(“t) = oz, expected earnings are a linear
function of X plus a term ¢/F that represents the density of e*

t
condi tional on worKking,

E(X,B+ule <28 =XB+ opdlJ(Z,8]/F(Z,8) + (3)

2. This inplies that all variables entering (2) should enter (1).



Applying OLS to (3) yields consistent estimates of the parameters B and
3

agp.

The Data

The Sample. The data used to estimate our nodel come from the 1978
Social Security Survey of Disability and Work (U S. Departnent of Health
and Human Services, Social Security Adm nistration, 1981). The survey,
which was designed to examne issues relating to eligibility for disability
benefits and the effects of disabilities on l[abor force participation
consists of two sanples, a stratified random sanple of 6,853 persons from
the 1976 Health Interview Survey, and a sanple of 4,886 persons fromthe
popul ation of recipients of Social Security Disability Insurance who were
declared eligible for benefits no earlier than 5 years before the survey.
Qur sanple consists of 2,218 men between the ages of 18 and 65 from the
Health Interview Survey portion of the Social Security Survey.4

Earnings Equation. To avoid transitory fluctuations during the survey
week, earnings are neasured as wages and sal aries received fromall jobs
during 1977. (Al earnings are neasured in 1977 dollars.) The independent
vari abl es entering the earnings equation Xt,are listed in Table 1.
Earnings are assunmed to depend on education (nmeasured by a series of dummy
variables), experience (proxied by a series of age dummes), experience

squared, nmarital status, famly size, race, locational dummes and the
health variables described below and in Table 2.

Labor Force Participation Equation. As with earnings, participation
i's defined based on behavior throughout the 1977 cal endar year. An
i ndividual is considered to have been in the labor force if he worked 30 or
more weeks during the 1977. Men who did not work at all during 1977 are
classified as not participating in the labor force. Men working between

3. The two-stage estimation procedure, including asynptotic standard
errors (Maddala, 1983), was programmed by the authors using the SAS
matri x | anguage.

4, There are a total of 2,626 nen between 18 and 65 in the H'S portion of
the Social Security survey. 408 of them were elimnated because they
appeared to change |abor force status during 1977, the year for which
participation and earnings were neasured.



one and 29 weeks were elimnated fromthe sanple on the grounds that these
persons were either students or changed |abor force status

Since the decision to participate in the labor force is made by
conparing the utility of income and |eisure when in the labor force with
income and |eisure when out of the labor force, the variables in zZ,
shoul d include all those entering the earnings equation, plus variables
that woul d affect income conditional on not participating, and variables
that would affect the utility of leisure tine. The only such variables
available in the survey that are not included in Xt are (1) whether the
individual is aware of Social Security disability benefits and (2) whether
the individual is a veteran, both of which mght affect inconme received if
the individual did not participate. A third variable included in Zt to
capture notives for working is the size of the respondent’s debt.

Health Variables. The survey contains two types of information about
chronic illness. Respondents were asked whether they had ever been
di agnosed by a doctor as having any one of the 35 chronic diseases |isted
in Table 2, as well as when the disease first began to bother them (age of
onset). They were also asked whether they were functionally linmted by any

of the diseases. Functional limtation questions include whether the
respondent had difficulty walking, clinbing stairs, lifting heavy objects,
etc. Respondents were al so asked whether they experienced synptons such as
pain, fatigue, swelling and shortness of breath.

In both the earnings and participation equations the severity of
chronic disease is neasured by dummy variables that indicate the presence
of a chronic condition. Pleasures of functional limtation, while possibly
useful as indicators of the severity of disease, are not associated with
specific diseases and, hence, cannot be used to neasure the severity of
i ndi vi dual diseases.>

5. In addition to collecting these neasures of functional limtation, the
survey al so asks respondents if they “have a disability that linmts the
type or amount of work [they] can do?” This variable, which is
included in addition to the chronic disease dunmies in Mtchell and
Butler’'s (1986) analysis of the |abor narket effects of arthritis, was
excluded from our analysis for two reasons. First, the answer to this
question is not an exogenous neasure of health but reflects the

Footnote 5 continued on next page



In measuring the effect of particular diseases on participation and on
earnings we would like to distinguish effects by age of onset and by
duration of the disease. The extent to which this is possible depends on
the disease studied. Table 3 gives the distribution of age of onset for
persons in our sample for each of the 10 respiratory and circul atory
di seases studied. In our sanple few cases of enphysena, arteriosclerosis,
or stroke occur before age 45. For this reason these diseases are
represented by only two age of onset dummes indicating that the disease
was contracted between the ages of 45 and 54 or between the ages of 55 and
65.

Chronic bronchitis and other chronic lung disease occur earlier in
life than enphysema; however, the small nunbers of persons in our sanple
with these conditions restrict us to only two age of onset categories for”
each disease: before age 45 and after age 45. Allergies, asthma, heart
attack, hypertension, and other chronic heart disease occur frequently
enough and early enough in life that we can distinguish between 3 and 5 age
of onset categories for each disease, as indicated in Table 2.

V& have attenpted to distinguish between duration of disease and age
of onset only for those diseases that appeared to have a significant effect
on |abor force participation when age of onset alone was measured.6 These
included enphysema, arteriosclerosis, heart attack, stroke and other heart
di sease. Each disease was significant only when age of onset was 45 or
older. The fact that these diseases occur later in |life, together with a
maxi mum sanpl e age of 65, neans that we can distinguish only two duration
categories: persons who have had the disease 0-5 years and persons who have
had the di sease 5-10 years.7

Footnote 5 continued from previous page
decision to stop/continue working. Second, the variable may capture
effects of multiple diseases that we wish to capture using disease-
specific dunm es.

6. Throughout the paper “statistically significant” neans significant at
the 5% | evel, one-tailed test.

7. Chronic bronchitis beginning between ages 25 and 44 significantly
decreased the probability of labor force participation; however, there
were too few persons who had had chronic bronchitis for nore than 10
years to permt using additional duration dummes for this disease.



Resul ts

Labor Force Participation. The nore serious respiratory and

circulatory diseases exam ned--chronic bronchitis and enphysema
arteriosclerosis, heart attack, stroke and other heart disease-
-significantly reduce the probability that a man participates in the |abor
force, other things equal. Table 4 presents coefficients obtained from the
|l ogistic participation equation for the respiratory and circulatory disease
variables listed in Table 2. [The coefficients of other variables in the
participation equation appear in the appendix to this paper.] The table
indicates that the less serious diseases--allergies, asthma, other chronic
l ung di sease and hypertension--have no significant effects on

participation. To calculate the effect of each disease on probability of
participation its coefficient must be nultiplied by P(1-P), where P is
the probability of participation. Since P = 0.670 for our sanple, the
coefficients in Table 4 inply that contracting enphysema between ages 45
and 54 reduces the probability of participating in the [abor force by an
average of 23.3 percentage points. Arteriosclerosis reduces probability
of participation by 15.6 percent, while having a stroke between 45 and 54
reduces subsequent probability of participation by 57.3 percent.

What is sonewhat surprising is the effect of age of onset on
participation. For enphysema, arteriosclerosis, heart attack and stroke
an age of onset between 45 and 54 significantly reduces probability of
working at all future ages, but an age of onset between 55 and 65 does not.
Such a result runs counter to the standard argunent that, the earlier the
onset of a disability, the nore likely it is that the individual wll
adjust to it by retraining and/or switching jobs. One reason that the
standard argument may not apply is that, for the diseases studied here, a
diagnosis at age 45 may indicate a nore severe case of the disease than a
diagnosis at age 60 (a heart attack at age 45 is often nmore devastating
than a heart attack at age 60).

A second possibility is that for progressive diseases such as
enphysema and arteriosclerosis, persons who contract the disease earlier
will, on average, have had it for a longer time than persons who contract
it later inlife. To the extent that severity increases with the duration
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of the disease, persons who have had the disease |onger will be less likely
to work.8 The results in Table 4 may thus be due to the fact that age of
onset is directly correlated with the nunber of years the individual has
been bothered by the disease.

To test this hypothesis the age of onset categories in Table 2 were
subdivided to distinguish duration of disease from age of onset. Persons
with an age of onset between 45 and 54 were divided into two categories:
those who had had the disease for 0-5 years and those who had had the
di sease for 6-10 years. For persons with an age of onset between 55 and 65
only the 0-5 year duration category was used.9

The estimated coefficients of the age of onset/duration dunmy
variabl es appear in Table 5. These coefficients suggest that controlling
for duration alters the effect of age of onset only in the case of
enphysema. For enphysena, when duration is held constant at 0-5 years, age
of onset has no effect on participation. Having the disease for 6-10
years, however, significantly reduces the probability of participation. In
the case of arteriosclerosis, heart attack and stroke, however, the main
effect on labor force participation is caused by age of onset, with onset
between 45 and 54 nmaking participation less likely, and onset between 55
and 65 having no significant effect. These results suggest that the effect
of age of onset and duration are, in general, disease-specific.

Earnings. The results for our earnings equations suggest that, for
the respiratory and coronary diseases studied here, nost |abor narket
effects occur through reductions in participation rather than reductions in
earnings. Table 6 presents coefficients of the disease dummies in an
earnings equation in which diseases are distinguished by age of onset and,

8. One could, of course, argue that persons with very severe cases of the
di sease die soon after diagnosis; hence duration nmay not measure
severity.

9. Persons with an age of onset between 55 and 65 with duration greater
than 5 years thus had a value of zero for all health dunmes, as did
persons without the disease.
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in the case of enphysenma, by duration.10

circulatory diseases studied that significantly reduce earnings are
enphysema and heart attack. Having enphysema for 6-10 years reduces
earnings by 65% Having a heart attack between the ages of 45 and 54
reduces earnings by 45%

The only respiratory and

The Magnitude of Expected Earnings Losses. The expected loss in
earnings to a person who contracts a chronic disease is the sum of the
effects of the disease on probability of participation, and on earnings,
given that one participates. Specifically, the expected |oss in earnings
is the sum of the change in probability of participation tines pre-illness
earnings, plus the reduction in earnings caused by the disease tines the
post-illness participation rate, Pl’

Expected Loss in Earnings = AP(Earningso) + Pl(AEarnings). (4)

This loss begins at age of onset and continues until the age that
retirement would occur in the absence of the disease

Tables 7 and 8 present estimates of the first termin (4), expected
earnings losses due to non-participation. The effect of each disease on
probability of participation, &P, is deternmined by multiplying the
coefficient of the disease in the participation equation, si, by P(1-P),
where P is the probability of being in the |abor force. Table 7 presents
estimates of AP, the fraction by which pre-illness earnings are reduced due
to non-participation. |In the tablet P is estimted at each age from
Bureau of Labor Statistics data on labor force participation rates (U S
Departnent of Labor, Bureau of Labor Statistics, 1988). In Table 8 &P
has been nultiplied by average 1987 earnings of all nmale workers to produce
annual earnings |osses, by age, due to non-participation.

In both tables earnings |osses due to increased probability of not
working peak between 55 and 65, because P(1-P) is maximzed in this

10. Because fewer chronically ill people appear in the earnings equation
than in the participation equation it was necessary to elimnate
certain age of onset categories from the earnings equations
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interval. The maxi mum annual expected reduction in earnings ranges from
15.5% for heart attacks to 57.1% for strokes. Bronchitis and enphysema
each reduce expected earnings (through effects on participation) by at nost
25%

For enphysema, arteriosclerosis, stroke and other heart disease
earnings |losses due to reduced probability of participation constitute the
total change in expected earnings. For enphysema and heart attack the
second termin equation (4) nmust be conputed. This term in $1977, appears
in Table 8 together with expected earnings |osses due to non-participation.

Comparison with Previous Wrk. The only study of the |abor market

effects of chronic respiratory and circulatory diseases of which we are
aware is Bartel and Taubman (1979). Using data from the NAS Tw ns Panel
Bartel and Taubman exanmine the effects of each of several disease groups on
| abor force participation and on earnings, conditional on participation.
Unfortunately the diseases groupings used by Bartel and Taubman do not
correspond exactly to the diseases used in our study. They conbine
bronchitis, enphysena and asthnma into a single disease category (BRON), and
heart di sease and hypertension into another category (HH). The effect of
each di sease category, is examned for various ages of onset; however,
enphasis is placed on diagnoses that occurred between 1962-67, when
respondents were in their early forties. Because enphysena
arteriosclerosis and stroke are rare at this age, it is unlikely that BRON
and HE capture these nmobre severe diseases.

When they exanmine the effects of a diagnosis at age 40 on
participation at age 50 Bartel and Taubman do not find any significant
effects of respiratory or circulatory diseases on |abor force
participation. This is in sharp contrast to the results presented in Table
7, which indicate that chronic bronchitis, enphysema, arteriosclerosis,
heart attack, stroke, and other heart disease reduce the probability of
| abor force participation between 6 and 57 percentage points. The
difference in findings nay be due in part to the relatively young age of
their sanple. The disease variable used in the participation equation
represents the effects on participation at (mean) age 50 of a diagnosis
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that occurred at (nean) age 40. For the diseases we study the nost
significant effects on participation correspond to an average age of onset
of 50.

Regarding effects on earnings, Bartel and Taubman find that a
diagnosis of respiratory illness (BRON) at age 40 reduces earnings by 25%
at age 50 and that heart disease/hypertension (HH), diagnosed at age 40,
reduces earnings by 8.5% at age 50. By contrast, we find that having
enphysema for at least 6 years reduces earnings by an average of 65% for
persons who continue working. The corresponding reduction in earnings due
to having a heart attack between 45 and 54 is 45% W thus find greater
effects on earnings than do Bartel and Taubman, but for nore narrowy
defined diseases. The difference between our results and theirs reflects
the fact that their disease categories include |ess severe diseases, such
as bronchitis and hypertension, as well as nore debilitating ones.

MEDI CAL EXPENDI TURES AND SERVI CES UTI LI ZATI ON

The nedical costs of a chronic disease to society are the costs of the
detection, treatnment, and rehabilitation of the disease, as well as a
portion of research, training, and facilities costs. In this section we
present measures of nedical expenditures for individuals for five target
di seases: hypertension, ischemc heart disease, non-specific heart disease
chronic bronchitis, and enphysema. These neasures were conputed from self-
provi ded cost of treatment data for persons in the 1977-78 National Medica
Care Expenditure Survey (National Center for Health Services Research
1981).

There are three reasons why our neasures of medical expenditures do pot
measure the true social costs of medical treatment. First, nedica
expenditures are conputed using nmarket prices, which may not reflect
mar gi nal productivities due to the absence of conpetition in the nmarket for
medi cal services. Second, because the data are specific to individuals
wi th chronic diseases, the costs of detection are not included. In
addition, because medical care providers are a mnor source of research and
medi cal training, these cost conponents are likely to be greatly
underestimated (if included in overhead charges) or ignored conpletely



The National Medical Care Expenditure Survey

To estimate the nedical costs of chronic respiratory and heart disease
we used the 1977-78 National Medical Care Expenditure Survey (NMCES)
NMCES presents data on health care utilization and expenditures for
approximately a one year period for 14,000 househol ds (40,320 persons)
selected randomy from the civilian noninstitutionalized U S. population.
Each of these households was provided with a calendar diary for recording
their use and cost of nedical services. Each was interviewed six tines
over this period, with responses in prior periods provided to the househol d
for verification.

Each time a person in the NMCES suffered an activity limtation,
disability day, visited or called a doctor, vent to the hospital or
pur chased nedication a record was created for an illness episode.
Information on the number and cost of illness episodes and on the cause of
each illness episode conmes from the household survey. Medical costs are
thus self-reported costs.11 The diseases associated with each illness
epi sode were reported by households, and translated into | CDA codes by
i nterviewers.

The five respiratory and circulatory diseases we examne, their |CDA
codes, and the number of persons reporting episodes involving each
condition appear in Table 9.

Al location of Medical Costs Anong Miltiple Conditions

To calculate the costs associated with a target condition one nust add

the costs associated with the condition across all illness episodes. This
woul d pose no problemif all episodes of illness were associated with only
a single disease. If, however, an illness episode is associated with nore

11.  To check on the accuracy of these costs, the household survey was
suppl emented by a survey of physicians and facilities that provided
medi cal care to persons in the household sanple period and by a survey
of enployers and insurance conpanies responsible for the health
i nsurance coverage of respondi ng househol ds. A close correspondence
was found between reported and actual costs
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than one condition, the cost of the episode must be allocated anong
condi tions.

Table 10 indicates the extent of the joint cost allocation problem
The table indicates that of the 3,479 persons with at |east one episode of
hypertension, 71% (2,476) had episodes that involved hypertension al one
[In the language of NMCES an episode involving only a single condition is a
“sinple” episode.] For these persons the problem of cost attribution does
not arise. Thirteen percent of persons (426 persons) with hypertension
epi sodes have "related to" episodes--episodes that involve hypertension and
some other condition. In these cases the respondent attenpted to allocate
costs anong the related conditions; however, in cases where no attribution
was possible, for exanple, the case of hospital room charges, the costs
were duplicated for each condition. “Sane as” episodes, involving 7% of
all persons with hypertension, mean that the individual attributed the
epi sode to hypertension and a condition that was the “sane as”

hypertension-- although it was assigned a different 1CDA code. In this case
no allocation of costs among the nultiple conditions is possible; instead,
the total costs of the episode are associated with each condition. “Sane

as " episodes thus lead to double counting of medical costs, and “rel ated
to” episodes may involve sone double counting.

The nunmber of persons with “multiple episodes" are found by subtracting
those with ’single episodes fromthe total (e.g., for hypertension, 314
persons had nultiple episodes). In general, persons with nore than one
epi sode involving the same disease have other than "sinple” episodes that
may invol ve doubl e-counting problens.

Resul ts

Magni tude of Expenses, by Disease. Table 11 shows the frequency
distribution of annual nedical expenses for each of our target diseases, as
well as mean and nedian expenses. [Al figures are in 1977 dollars. ] As

one woul d expect, the highest average expenditures are associated with
i schemic heart disease ($1256) and non-specific heart disease ($1041).
Enphysena is associated with a mean expenditures of $633. The average
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annual costs of hypertension and bronchitis are considerably |ess: $216 and
$97, respectively.

In each case the distribution of annual expenses is highly skewed:
medi an expenses are one-quarter of mean expenses for bronchitis and
hypertension and approxinmately one-tenth of nean expenditures for
enphysena, ischemc heart disease and non-specific heart disease. For all
di seases but ischemc heart disease at least half of all persons have
annual expenditures of $75 or less. [For ischenmic heart disease 41% of all
persons have annual expenditures of $75 or [|ess.]

Cat egories of Expenses. Table 12 shows how expenditures are

distributed across categories for each disease. NMCES al |l ocates expenses
to three major categories: nedical contacts (primarily doctor visits),
hospital expenses, and drugs. There are several mnor categories that are
omtted from the table.

As woul d be expected, hospital expenses are the largest category of
expenses for all conditions, even when people with no hospital expenses are
included in the averaging conmputation. The maxi mum hospital expenses per
person exceed $20,000 for the heart diseases and are in the $10,000 range
for the other target diseases. Expenses on nedical contacts are the next
| argest category of expenses for all conditions

Comparison Wth Qher Studies. The NHLBI (1982) estinmates annual
expenditures on chronic bronchitis and enphysema using the “top-down”
approach described above while Freeman et al. (1976) use an engineering
approach with aggregate data to estimate annual expenditures on enphysena

Table 13 provides the NHLBI and Freenan estimates of total and per person
expenditures adjusted to 1977 dollars using the medical price index.

The NHLBI estinmates of expenses per case, at $118 and $102 for chronic
bronchitis and enphysema, respectively, contrast sharply with ours, at $97
and $633. Neverthel ess, because of the top-down nature of the NHLBI
approach, their estimates may differ fromours if different estinmates of
di sease preval ence are being used. In fact, the NHLBI preval ence estinates
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for these diseases (which are taken fromthe Health Interview Survey (H'S))
are 3.5 and 1.0 percent of the civilian, noninstitutionalized popul ation of
the U S. in 1979 (216 mllion people) for chronic bronchitis and enphysens,
respectively. Qur estimates of preval ence, which are conditional on the
occurrence of some medical event (i.e., a restricted activity day, some
cost incurred, or some service used (including a phone call to the
doctor)), are far lower -- 1.1 and 0.5 percent for chronic bronchitis and
enphysema, respectively, for 1977

The underestimate of prevalence inplied by this conditionality inplies
that our sanple would under-represent, relative to the NHLBI, people wth
zero nedical costs. This inplies, in turn, that the NHLBI estimate of
expense per case should be lower than ours. Instead, the NHLBI estimte
for chronic bronchitis, the disease for which the highest proportion of
sufferers in our sanple has zero costs, actually exceeds our estimate.

Freeman et al, using data on health care utilization and average prices
for 1970, estimate expenses on enphysema in 1977 dollars of $233.5 per case
annual ly.  These estimates are over double those of the NHLBI but still are
far |ower than ours.

Sources of Paynment. NMCES provides information on five sources of
funding for nedical expenses: fanily, medicaid, nmedicare, personal
insurance, and other. In addition to being of intrinsic interest,

i nformation about sources of funding suggests the extent to which nedica
costs are likely to be internalized in wllingnesses to pay to avoid
disease. In theory, wllingness to pay should take into account the

medi cal costs of the condition paid for by the famly, but not those costs
borne by others. Thus, the portion of expenses paid by others should be
added to the bid as part of the social cost of each of the target

condi tions.

Table 14 identifies these funding sources by condition for males 20
years of age and older, the group to which our |abor market analysis
applies. For each disease the second row of the table gives the percent of
total costs paid for by each source. Even for hypertension and bronchitis,
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the |east serious diseases studied, famlies pay a mnority of total costs,
23% and 34% respectively. For enphysema and the heart diseases famlies
pay less than 15% of total costs. \Wat are the nost inportant sources of
fundi ng? Personal insurance is the nost inportant source of funding for

i schem ¢ heart disease (46 percent), reflecting the high proportion of
expenses for the hospitalization conponent and the high degree of coverage
afforded this type of expense by health insurance plans. The insurance
share for enphysema is large (28 percent) for nuch the sane reason
Coverage for non-specific heart disease, the condition with the |east
famly funding, is not dom nated by insurance. Rather, because the

popul ation with this condition tends to be older than that for ischemc
heart disease, the largest funding share comes from nedicare (36 percent).
Finally, it is curious that nedicaid funds |ess than one percent of
expenses for ischemc heart disease while funding from7 to 17 percent of
the expenses for the other target conditions.

Although a mnority of total nedical costs are paid for directly by
patients and their famlies famly funding is the q nost inportant source of
paynent for a nmajority of patients. This is because nost patients incur
smal | expenses (see Table 11) and famlies bear a larger percent of snal
expenses than of |arge expenses. For each disease the third row of Table
14 conputes for each individual the percentages of funding received from
various sources and then averages these percentages across individuals for
each source. As can be seen, the average percentages for the famly source
(in brackets) are nuch higher than the aggregate percentages for the famly
source (in parentheses), the former ranging from52 to 70 percent, while
the latter ranges from 13 to 36 percent. This difference inplies that
relatively large nunbers of people have episodes with small expenses that
they pay for thenselves. This may reflect deductibility clauses, the
exclusion of drugs from coverage for some policies, or other factors.

Age Distribution of Expenses. To permt conparison of the |abor
mar ket effects of chronic respiratory and circulatory diseases wth nedica
costs, Table 15 presents average nedical costs for nales, by age. Mean
annual expenses appear generally to increase with age, up to the ‘60’s or
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70's for bronchitis, enphysema and hypertension. Expenses for those with
heart disease (heart attacks), however, peak in the ‘40 s.

A conparison of average nedical expenses with the |abor market effects
of each chronic disease (see Table 8) suggests that the |abor narket costs
of chronic respiratory and circulatory diseases are generally greater than
the medical costs. Exceptions to this result are hypertension, which has
no effect on labor force participation or on earnings, and heart disease
before the age of 45, which also appears to have no significant |abor
mar ket effects.
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Table 1. Non-health Variables Entering Earnings and Participation
Equations

Standard
Mean deviation Maximum Minimum

Earnings, 1977*% 14,362. 77045, 50000. 0
In labor force, 1977 0.670 1 0
Married® _ 0.718 0.45 1 0
No. in householda 3.294 1.732 15 1
No. children < 5 0.190 0.512 5 0
No. children 5- 18 0.670 1.174 8 0
No. children > 182 0.184 0.482 3 0
‘Age dummies:

18-24 0.141 0.348 1 0

35-44 0.174 0.379 1 0

45-54 0.222 0.416 1 0

55-65 0.261 0.440 1 0
Highest educ. level:

Elementary school 0.193 0.394 1 0

High school 0.487 0.500 1 0

College _ 0.229 0.421 1 0
Non-white 0.124 0.330 1 0
Regional dummies®:

Northcentral 0.265 0.441 1 0

South 0.335 0.472 1 0

Vest : 0.178 0.383 1 0
Lives in,Urban Area® ~ 0.679 0.467 - 1 0
(Age-16) 888.25 730.23 2401 4
Veteran 0.452 0.498 1 0
Avare of disability

benefits 0.407 0.491 1 0
Debt? 2116.9 8858.00 200800 . 0

*Average based on 1486 persons in labor force
2Measured as of interviev date
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Table 2. Health Variables in Earnings and Participation Equations

Each of the followi ng variables assume a value of 1 if the respondent
contracted the disease at the age indicated and a value of 0 otherwi se:

RESPI RATORY AND Cl RCULATORY DI SEASES

Age of Onset Categories (Sanple Size)

Al'lergies 0-17 (35) 18-34 (37) 35-65 (18)
Ast hma 0-17 (40) 18-34 (14) 35-65 (19)
Chronic Bronchitis 25-44 (18) 45-65 (21)

Enphysema 45-54 (49) 55-65 (23)

G her Chronic Lung Dis. 18-44 (17) 45-65 (26)
Arteriosclerosis 45-54 (55) 55-65 (24)

Heart Attack 25-44 (28) 45-54 (57) 55-65 (42)
Hypert ensi on 25-34 (57) 35-44 (79) 45-54 (148) 55-65 (66)
QO her Chronic Heart Disease 0-34 (23) 35-44 (34) 45-54 (51) 55-65 (22)
Stroke 45-54 (17) 55-65 (20)

OTHER CHRONI C DI SEASES Sanple Size
Arthritis or rheumatism 367

Qher trouble with back or spine 296

Deformty of foot, leg, arm hand 228

Nervous or enotional problens 209

Deformty of back or spine 154

Deaf ness 133

Stomach ul cer 130

Di abet es 113

Hernia or rupture 92

Difficulty reading (with glasses) 86

Ki dney stones or kidney trouble 76

O her chronic stonmach trouble 64

Tunmor, cyst or growh 52

H ssing arns, hands or fingers 46

Gal | bl adder or liver trouble 40

Paral ysi s 35

Al cohol or drug problens 25

Cancer 24

Epileptic seizures 24

Mental illness 20

Bl i ndness 19

Thyroid trouble or goiter 18

H ssing | egs or feet 14

Tuber cul osi s 7

Miltiple sclerosis 6
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Table 3. Distribution of Respiratory and Grculatory Diseases by Age of
Onset
Nunber of persons in sanple with
age of onset
0-17 18-24 25- 34 35-44  45-54 55- 65

Al l ergies 35 18 19 10 4 4
Ast hma 40 5 9 7 9 3
Chronic Bronchitis 15 2 13 5 15 6
Enphysema 0 1 4 3 49 23
G her Chronic Lung Diseases 1 4 7 6 20 6
Arteriosclerosis 0 0 7 11 55 24
Heart Attack 2 0 5 23 57 42
Hypert ensi on 12 23 57 79 148 66
G her Chronic Heart D sease 18 5 10 34 51 22
Stroke 1 0 2 2 17 20
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Table 4. Effects of Chronic Diseases on Labor Force Participation
by Age of (nset

Age of
onset Coefficient |t-Ratio
Ast hma 0-17 00093 0.22
18- 34 0.625 0.75
35-65 0.093 0.16
Al l ergies 0-17 -0.061 0.13
18- 34 0. 505 0.95
35-65 -0. 565 0.91
Chronic Bronchitis 25- 44 -1.229 1. 69
45- 65 -0. 816 1.17
Enphysema 45-54 -1. 053 2.55
55- 65 -0.683 1.21
Q her Chronic Lung Disease 18- 44 -0.218 0.29
45- 65 -0.528 0.95
Arteriosclerosis 45-54 -0. 707 1.72
55- 65 0.134 0.26
Hyper t ensi on 25-34 -0. 435 1.16
35-44 -0.131 0.38
45-54 0.189 0.78
55- 65 -0.112 0.34
Heart Attack 25-44 -0. 463 0.94
45-54 -0.720 1.94
55- 65 0.507 1.15
St roke 45-54 -2.593 2.38
55- 65 -1.530 1.41
G her Heart D sease 0-34 0. 393 0.90
35-44 0.184 0.40
45-54 0. 896 2.39
55- 65 1. 462 2.04
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Table 5. Effects of Chronic Diseases on Labor Force Participation
by Duration of Disease and Age of Onset

Dur ati on Onset Coefficient | t-Ratio

Ast hna 0-17 0.017 0.04
18- 34 0.780 0.92

35-65 0.029 0.05

Al l ergies 0-17 -0. 040 0.09
18- 34 0.542 1.02

35-65 -0.479 0.78

Chronic Bronchitis 25- 44 -1.254 1.70
45- 65 -1.013 1. 46

Enphysena 0-5 45-54 -0. 230 0.35
5-10 45-54 -1.299 2.04

0-5 55- 65 -0.370 0.62

Gt her Chronic

Lung Di seases 18- 44 - 0. 465 0.65
45- 65 -0.670 1.19

Arteriosclerosis 0-5 45-54 -0. 389 0.57
5-10 45-54 -0. 252 0.41

0-5 55- 65 0. 659 1.11

Hyper t ensi on 25-34 -0.418 1.12
35-44 -0.151 0.44

45-54 0.084 0.35

55- 65 -0.088 0.27

Heart Attack 25- 44 -0. 449 0.91
0-5 45-54 -1.003 1.70

5-10 45-54 -1.069 1.85

0-5 55- 65 0.371 0.79

St roke 0-5 45-54 -1.503 1.25
5-10 45-54 -7.551 0.38

0-5 55- 65 -0. 900 1. 06

G her Heart Disease 0-34 -0. 352 0.81
35-44 -0. 165 0.36

0-5 45-54 -1.119 1.75

5-10 45-54 -0. 007 0.01

0-5 55- 65 -1.273 1.73
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Table 6. Effects of Chronic D seases on Ln(Earnings) by Age of Onset

Age of
Onset  Coefficient  |T-Ratiol

Ast hma - -0.232 1. 020
Al l ergies - -0. 061 0. 318
Chronic Bronchitis - -0.023 0. 065
Enphysenma 0-5%, 0.229 0. 641
6-10 -1.038 2.009
O her Chronic Lung Disease -0.511 1.294
Arteriosclerosis 45-54 0. 279 0. 680
55- 65 -0. 624 1. 510
Hypert ensi on 25- 34 0. 207 0.916
35- 44 -0.041 0.188
45-54 0.193 1.211
55- 65 0.311 1.167
Heart Attack 25-44 0. 056 0.151
45-54 -0.590 1.706
55- 65 -0. 376 1.141
Stroke - 0.843 1. 386
Q her Heart Disease 35-44 0. 302 1.008
45-54 0. 055 0. 165

3enotes duration of disease rather than age of onset.
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Table 7. Effect of Respiratory and Grculatory Diseases on Probability of Participation

by Age of Onset

Change in probability of participation at each age

D sease Age of (nset 25- 34 35-44 45- 54 55- 65 65+
Chronic Bronchitis 25 -0. 067 -0. 067 -0.111 -0. 288 -0.180
45 -0.084 -0.218 0.136
Enphysema 45 -0.099 -0. 256 -0.159
45 -0. 060 -0. 157 -0.098
Heart Attack 45 -0. 059 -0. 155 -0. 096
St roke 45 -0.220 -0.571 -0. 356
55 -0. 327 -0. 204
Q her Heart Disease 45 -0.075 -0.196 -0.122
55 -0.324 -0. 202




Table 8. Annual Change in Expected Earnings at Each Age Due to Various Chronic Diseases ($1977)

Annual Change Due to Reduced Probability of Participation
(Change Due to Reduction in Earnings if Wrking)

Di sease Age of onset 25- 34 35-44 45-54 55-65 65+
Chronic Bronchitis 25 $-870.2 $-1226.3 $-2229.1  $-4860.9 $-1680. 4
45 -1689. 6 -3684. 4 -1273.7

Bmphysemaa 45 -1978. 4 -4314. 3 -1491.5
(-10891.) (-6044 . 7)

Arteriosclerosis 45 -1210.6 -2639.9 -912.6
Heart Attack 45 -1197. 7 -2611.8 -902.9

(-8949. 6)  (-7515.8)  (-4171.2)

Stroke 45 -4415. 8 -9629.5 -3328.9
55 -5511.0 -1905. 2
G her Heart Disease 45 -1513. 7 -3301.0 -1141.2
55 -5455. 6 -1886.0

3 Effects on Earnings do not begin until duration is greater than or equal to 6 years.
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Table 9. Sanple size by condition,

Di sease

Tot al

Hypert ensi on

I schem ¢ heart disease
Non-specific heart disease
Chronic bronchitis
Enphysena

| CDA codes

401- 404
410-414
429
490- 491
492

NMCES.

Per sons

4789

3479
378
884
430
222
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Table 10. Distribution of

single vs multiple episodes types.

Nunber of persons with Per cent
singl e epi sodes W th
only
One* one
_ Tot al One One rel ated-to/ single
Di sease persons sinple same-as  stand-al one epi sode
Hypert ensi on 3479 2476 227 462 91.0
I schemi ¢ 378 195 34 80 81.7
Non-speci fic heart 884 501 104 166 87.2
Chronic bronchitis 430 272 49 63 89.3
Emphysena 222 130 21 42 86.9

*I'n each of these cases there is only one ‘stand al one’
that is associated with our target disease.

epi sode to anal yze
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Table 11. Frequency Distribution of Annual Expenses per Person, by Condition.

Unveighted.
Percentage of Sample in Each Expense Category
Bronchitis Emphysema Hypertension Ischemic HD Nonspecific HD

Total Expense
(519 7;)

$ 0 17.4 20.7 6.7 9.0 12.9
0-25 36.3 23.0 21.8 15.9 19.2
25-50 19.8 7.7 19.2 10.3 11.5
50-75 8.4 5.4 13.2 5.6 6.8
75-100 4.7 4.5 8.7 6.3 5.1
100-150 5.1 8.6 . 11,2 9.5 7.0
150-200 1.6 4.1 5.5 6.9 4.6
200-300 - 3.0 5.4 5.1 9.3 7.6
300-400 0.7 1.8 2.4 2.6 3.2
400-500 0.5 0.9 1.2 2.4 1.6
500-750 0.9 2.7 1.3 2.4 2.5
750-1000 0.2 1.4 0.6 2.6 1.5
1000-1500 0.5 3.6 1.1 2.9 2.6
1500-2000 0.2 4.1 0.4 2.4 1.9
2000-3000 0.2 1.4 0.6 1.3 2.6
3000-4000 . 0.9 0.2 2.9 3.1
4000-5000 0.2 1.4 0.1 0.3 1.4
5000-10000 0.2 1.4 0.5 3.4 2.9
10000-20000 . 1.4 0.1 2.6 1.1
20000+ . 0.1 1.3 0.9
N 430 222 3479 378 884
Mean Expense $96.74 $632.76 $215.79 $1257.55 $1041.26

Median Expense $23.27 $42.63 $53.51 $116.26 $73.90



Tabl e 12.

CONDI TI ON

Bronchitis
(n=430)

Enphysema
(n=222)

Hypert ensi on
(n=3479)

| schemic HD
(n=378)

Nonspeci fic HD

(n=884)

Expenses
Medi cal Cont act

Hospi t al

Drugs

Total Expense
Medi cal Cont act
Hospi t al

Drugs

Total Expense
Medi cal Cont act
Hospi t al

Drugs

Total Expense
Medi cal Cont act
Hospi t al

Drugs

Total Expense
Medi cal Cont act
Hospi t al

Drugs

Total Expense
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Average Expenses Per Person By Disease and Category ($1977).

Mean Expense Std Dev Maxi mum
$38. 87 $117. 30 $1683. 00
41. 30 499. 76 9635. 00
14.65 44. 60 605. 27
96. 74 537.54 9712.00
72.06 179. 13 1683. 00
498. 40 2073. 30 18832. 00
46. 43 94.72 730.01
632.76 2171. 28 19563. 78
51. 88 127.12 2854. 89
111. 65 1278. 68 57940. 00
41.62 55. 89 970. 45
215.79 1377. 29 60588. 00
96. 23 273. 83 3977. 33
1069. 38 3653. 32 35910. 00
68. 88 105. 86 791. 32
1257. 55 3831. 66 36462. 00
82. 45 220.92 4074. 04
859. 10 3479. 98 49638. 00
44. 71 83. 18 1094. 67
1041. 26 3736. 60 49743. 00
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Table 13. Medical Expenses on Chronic Bronchitis and Enphysema from the
NHLBI (1982) and Freeman et al (1976). (1977 $'s)

NHLBI

Hospital Doctor Drugs Total

Chroni ¢ Bronchitis $285 $162 $432 $879
(mllions of $'s)

Per Person (38.1) (57.8) (21.7) (117.7)
Enphysema 152 48 19 219

(mllions of $'s)

Per Person (71.0) (22.5) (8.7) (102.1)

Freeman et al

Enphysena $174 $71 $59 $304
(mllions of $'s)

Per Person (133.4) (54.5) (45.6) (233.5)
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Table 14. Funding Source by Condition for Males 20 Years of Age or Greater.

Veighted.

N2 Mean Expenseb

Family

CONDITION
Bronchitis 478447 $205.24

Emphysema 766736 726.78

Hypertension | 6644806 268.87

Ischemic HD 1184816 1739.77

Nonspecific HD 2019627 1662.99

$69.01c
(342)4
[65X]

100.54
(14X)
[51X]}

60.96
(23%)
[68%])

180.77
(10%)
[50%]

164.38
(10%)
[51%]

Medicaid

$4.25
(2X)
(1]

96.62
(132)
[3X]

14.44
(3%)
(3x}

186.23
(11%)
[4X]

72.77
(4%)
[6X]

aComplex Multiple Episode excluded (see text).

bHean does not include observations reporting zero.

cPercentage of Mean Expense.

dPercentage of Expense by Source, Averaged Over All Individuals.

- Personal
Medicare Insurance Other
§$57.58 - $§62.38 $12.02
(28%) (30%) (6%)
[4X] [25%] [4%]
172.74 165.93 190.95
(24%) (23%) (26%)
[12%]) [18X] [13%]
94.03 48.57 50.87
(35%) (18%) (19%)
[4%] [16X] [9%]
287.79 840.05 244.93
(17%) (48%) (14%)
[9%] [28%] [8%]
685.51 493.92 246.41
(412%) (30%) (15%)
[12%] {18%] [(13%]



Table 15. Average Medical Expenses for Males, by Aqge.

CONDITION

Age Group

Bronchitis

Emphysema

Hypertension

Ischemic HD

Nonspecific HD

0-9
10-19
20-29
30-39
40-49
$0-59
60-69
70-79
80-89
2 20
Average

40-49
50-59
6069
70-79
80-89
90-99
> 20
Average

0-9
10-19
20~29
30-39
4049
50-59
60-69
70-79
80--89
90-99
100+
2 20
Average

10-19
30-39
40-49
50-59
60~-69
70-79
80-39
> 20
Average

0-9
10-19
20-29

438016
160828
89507
60767
65470
67189
125470
58254
11790
478447
1077291

50017
164485
341324
168861

3n

2872
766736
766736

17632
42691
266550
563863
1000099
1720562
1763206
1025353
343210
137
S218
6709375
6769698

4014
21589
1383874
416557
381771
187042
74932
1220465
1224479

4451
18671
41827
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Weighted.
Total
Mean Expense Std Dev Maximum Expense
(millions $)
$59.58 $109.84 $626.45 $26.1
33.55 51.83 270.00 5.4
84.99 148.34 514.00 7.6
46.86 63.46 197.56 2.8
96.40 140.54 446.05 6.3
141.66 186.04 654.60 9.5
249.56 781.04 4251.16 31.3
485.20 2061.74 9712.00 28.3
60.22 51.86 116.00 0.7
180.94 841.34 9712.00 86.6
109.60 569.05 9712.00 118.1
562.54 672.46 1647.00 28.1
884.41 2481.30 13535.82 145.5
371.82 1639.63 17615.01 126.9
580.68 2667.20 19563.78 98.1
1474.26 1585.82 4854.75 57.8
2.19 0.00 2.19 0.01
595.16 2079.27 19563.78 456.3
595.16 2097.27 19563.78 456.3
37.16 51.85 132.14 0.7
241.54 436.87 1186.45 10.3
74.09 199.29 1852.00 19.7
96.74 369.69 6427.20 54.6
183.11 627.3%0 5504.85 183.7
264.21 1502.78 22771.07 454.6
486.97 3950.7% 60588.00 858.6
115.82 428.34 9144.00 118.8
176.83 358.22 2391.58 60.7
80.9% 63.68 140.70 1.7
37.80 0.00 37.80 0.2
261.22 2192.97 60588.00 17%2.6
260.15 2183.48 60588.00 1763.6
0.00 0.00 0.00 0.0
102.33 99.31 239.452 2.2
4691.54 8048.54 23840.63 650.1
1346.61 2772.72 146%7.77 560.9
1556.08 4631.68 23413.%0 594.1
769.57 2370.64 12571.3%0 143.9
1174.44 3013.67 11320.83 88.0
1670.91 4400.88 23840.63 2039.3
1665.43 4394.70 23840.63 2039.3
0.00 0.00 0.00 0.0
402.77 763.10 2009.00 7.5
974.21 1958.24 4966.51 40.7



30-39
40-49
50-59

70-79
8089
90-99
100+

Average

20574
204956
524168
595206
426144
202381

37318

5215
2057786
2080908

1063.75
2032.02
1375.39
1274.62
2224.78
589.05
276.94
73.30
1475.72
1462.93

1614.51
4906.42
$077.84
4634.08
7825.51
2070.29
450.81
0.00
5353.93
5325.98

3543.00
23883.04
38375.75
43326.75
49743.00
15360.86

1194.00

73.30
49743.00
49743.00

21.
416.
720.
758.
948.
119.

10.3

0.3
3036.7
3044.2

N oY
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Table A 1 Coefficients of Non-Health Variables in Participation Equation

Coefficient  |t-Ratio

Married® 0. 8989 5. 89
No. in householda -0.1290 2.58
No. children < 5 a 0. 4072 2.56
No. children 5--18a 0. 1060 1.34
No. children > 18 0. 3216 2.23
Age dunmi es:

18- 24 -1.2822 5.92

35-44 1.1440 4.28

45-54 1.5330 3.75

55- 65 2.2198 3.55
H ghest educ. |evel:

El enentary school -0. 2006 0.84

H gh school 0. 1312 0.65

Col | ege 0. 0386 1.38
Nonwhi t e -0. 5886 3.39
Regi onal dummies®:

Nor t hcent r al 0. 3662 2.17

Sout h -0. 1020 0.64

West -0. 0808 0. 45
Li ves in,Urban Area® 0. 1852 1.46
(Age-16) -0. 00160 4.54
Vet er an -0. 1077 0.81
Anare of disability

benefits -1.0358 8. 68
Debt? 0. 00004 2.56

aHeasured as of interview date



Table A 2 Coefficients of Remaining Health Variables in Participation Equation

Di sease Coef fici ent |t-Ratiof

Arthritis or rheumatism -0.2791 1.65
QG her trouble with back or spine - 0. 4597 2.79
Deformty of foot, leg, arm hand -0.3741 1.89
Nervous or enotional problens -0. 8574 4.10
Deformty of back or spine -0. 7925 3.53
Deaf ness -0. 2624 1.08
Stomach ul cer -0.2714 1.11
Di abetes -0.1334 0.49
Hernia or rupture 0. 005837 0.02
Difficulty reading (with glasses) -0. 2017 0.65
Ki dney stones or kidney trouble -0.1528 0.48
Q her chronic stomach trouble - 0. 2896 0.85
Tunor, cyst or growth 0.1030 0.27
H ssing arns, hands or fingers -0.5395 1.42
Gal | bl adder or liver trouble -1. 1440 2.40
Par al ysi s -1.9011 3.49
Al cohol or drug problens -1. 4264 2. 46
Cancer -0. 82301 1.56
Epil eptic seizures -1.5235 2.18
Mental illness -1.0498 1.60
Bl i ndness 0.1043 0.16
Thyroid trouble or goiter -0. 2380 0.39
Mssing legs or feet -0.5794 0.84
Tuber cul osi s 0.1099 0.09
Mil tiple sclerosis -2.3758 1.78
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Table A 3 Coefficients of Non-Health Variables in Earnings Equation

Coeffici ent T-Ratio

Married® 0.267 2.439
No. in householda -0.071 1.736
No. children <5 a 0. 050 0.634
No. children 5-18 0. 058 1.117
No. children > 18 0.003 0.034
Age dunmi es:
18-24 - 0.421 2.771
35-44 0. 230 1.601
45- 54 0.229 0. 936
55- 65 0. 364 0.941
H ghest educ. |evel:
El enentary school -0. 096 0. 644
H gh school 0. 004 0.036
Col | ege 0.294 2.271
Nonwhi t e -0. 195 1. 550
Regi onal dummies®:
Nor t hcentr al 0.111 1. 136
Sout h 0.011 0.113
Vést - 0.025 0.231
Li ves in,Urban Area® 0.117 1.527
(Age- 16)* -0. 0002 0. 806

%Measured as of interview date
Not e: Dependent variable is In(earnings).
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Table A 4 Coefficients of Remaining Health Variables in Earnings Equation

Di sease Coef fi ci ent |t-Ratio|

Arthritis or rheumatism 0.051 0.415
QG her trouble with back or spine 0.033 0. 296
Deformty of foot, leg, arm hand 0.043 0. 301
Nervous or enotional problens 0. 208 1.075
Deformty of back or spine 0.297 1.597
Deaf ness 0. 226 1. 257
St omach ul cer 0.031 0.174
Di abet es 0. 300 1. 690
Hernia or rupture 0. 059 0. 290
Difficulty reading (with glasses) 0.136 0. 520
Ki dney stones or kidney trouble 0.341 1.409
Q her chronic stomach trouble 0. 242 0. 954
Tunor, cyst or growh 0. 327 1.368
H ssing arms, hands or fingers 0. 354 1. 340
Gal | bl adder or liver trouble 0.290 0. 604
Paral ysi s 2.931 4.518
Al cohol or drug problens 0. 355 0.594
Cancer 1. 003 2.215
Epileptic seizures 1. 865 2.795
Mental illness 0.010 0.015
Bl i ndness 0.001 0. 002
Thyroid trouble or goiter 0. 044 0. 100
Mssing legs or feet 0. 356 0. 580
Tuber cul osi s 0.184 0. 246
Mil tiple sclerosis 0. 653 0. 506



ESTIMATING THE VALUE OF AVOIDING MORBIDITY AND MORTALITY
FROM FOODBORNE ILLNESSES

Josephine A. Mauskopf, PhD

Michael T. French, PhD

Center for Economics Research
Research Triangle Institute

Research Triangle Park, NC 27709

May 1989



ESTIMATING THE VALUE OF AVOIDING MORBIDITY AND MORTALITY FROM
FOODBORNE ILLNESSES

| INTRODUCTION

All foods produced for human consumption in the United States are regulated for
composition, quality, safety, and labeling under the Food, Drug, and Cosmetic (FD&C) Act of
1938 and its subsequent amendments. One of the chief goals of the FD&C Act is to reduce the
presence of contaminants or adulterants in domestic and imported foods. Consuming foods that
contain illegal contaminants or adulterants increases the risk of foodborne illness and decreases
consumer welfare. The Food and Drug Administration (FDA) is empowered to ensure
compliance of the FD&C Act for all domestic and imported food products. FDA's compliance
monitoring program and enforcement activities reduce the probability of violative products

reaching consumers and causing welfare losses.

FDA's objective is to maximize social welfare subject to a given compliance monitoring
budget. The optimal solution is to allocate program resources across different inspection and
enforcement activities to the point where the incremental value per unit expenditures for all
activities are equal. To develop such an efficient compliance monitoring program, FDA must
consider the costs and benefits of different alternatives. The costs of such programs consist
primarily of the value of resources used to inspect and test products, and ensure compliance. The

benefits of compliance monitoring activities depend on:

* the impact of compliance activities on the probability that violative products will
reach the consumer,

* the probability that each violation will lead to various adverse health effects (e.g.
salmonellosis, botulism cancer, or chemical poisoning), and

* the value of the welfare losses associated with each adverse effect.

Figure 1 shows how estimates of the three factors noted above can be combined to
estimate the benefits of different compliance monitoring options. Calculating these values is not
a straightforward task, however, and requires careful analysis. For example, the impact of
compliance activities on the probability of a violative product reaching the consumer depends
both on the initial probability of the product violating the FD&C Act as well as on how
effectively the compliance monitoring and enforcement activity reduce this probability. The

probability of a product violating the Act may vary overtime and with country of origin.



The probability that any violation of the Act adversely affects a consumer will depend on
the type and degree of the violation. Food contaminated with salmonella will be more likely to
have an adverse effect on a consumer if the level of contamination is high, if the typical portion
size is large, and if the product is eaten without further cooking. Furthermore, the relationship
between dose and the probability of an adverse response may vary for different violations of the
Act. For example, the probability of an adverse health effect associated with frequently ingested
levels of salmonella or botulinum toxin may be high, while the probability of cancer as a result of

ingesting carcinogenic pesticides above the permissible levels may be much lower.

Finally, the value to consumers of avoiding the welfare losses associated with adverse
health effects depends on how soon the effect occurs after they consume the violative product

and the magnitude of the expected welfare losses.

This paper develops a methodology for estimating the value of the welfare gains
associated with avoiding statistical cases of morbidity and mortality from foodborne illnesses.
We demonstrate the methodology for botulism, salmonellosis, chronic hepatitis, and bladder
cancer. The methods and results from this research can be combined with information on the
costs of enforcement, dose-response relationships, and changing probabilities of violations to
guide FDA in developing an efficient compliance monitoring program.

1 BACKGROUND

Consumers derive value from a food inspection and monitoring program through lower
risks of adverse health effects. When a compliance monitoring program detects and removes a
violative product from distribution, it reduces the risk of consumers suffering adverse health
effects and corresponding welfare losses. The value of reducing the risks of adverse health
effects could be easily measured by market clearing prices if there were markets for health risks.
With the exception of wage premiums for occupations with higher than average risks of on-the-
job death or injury, health risks are not a market commodity. Thus, analysts must develop other
methods to estimate the value of reducing food-related health risks.

One of the earliest approaches used to estimate directly the costs associated with different
illnesses is the cost-of-illness (COI) methodology. In its simplest form, the COIl methodology
calculates the dollar cost of illness or disease as the sum of the present values of the medical
resources used to diagnose and treat the disease and the individual productivity losses it causes.
The COI methodology is a practical simplification of the more comprehensive human capital
approach to valuing illness. Cooper and Rice (1976) and Rice, Hodgson, and Kopstein (1985)



have used the COIl method to estimate the costs of many different diseases. Hartunian et al.

(1981) employed the COI model to value the costs of coronary heart disease, stroke, cancer, and

motor vehicle injuries.

The COI method is well-suited for estimating many of the tangible costs of illnesses, but
it does not address any of the intangible or disutility costs. Nor does it distinguish between
avoidance of identified cases of illness and reduction in the risk of adverse health effects. Utility
is a conceptual device used primarily by economists to measure the amount of well-being and
pleasure an individual experiences. Utility declines with deteriorating health status, as well as
with increased risk of illness. Since the benefits of a government regulation are best described in
terms of statistical cases of illness avoided, we fist estimate the value of utility gains from

decreased risks of statistical illness.

While utility is a useful construct in theory, it is unobservable in practice. Thus, we need
to derive proxy measures for utility changes such as monetary values. The concept of
willingness to pay (WTP) has gained acceptance in the economics profession as a dollar
equivalent to utility changes. The WTP approach is based on macroeconomic utility theory and
has been used extensively to estimate the value of utility improvements and the cost of utility
reductions. For example, the WTP approach imputes the cost of adverse health consequences by
measuring how much individuals are willing to pay for small reductions in the risk of those
effects. By measuring the value individuals place on small changes in the probability of
mortality and morbidity, economists and health professionals have extended the analysis to

measure the disutility cost of a statistical mortality and morbidity case.

Although dollars may bean imperfect measure of a consumer’s valuation of avoided
utility losses, within a certain range of preferences, people are familiar with the process of
expressing values for goods and services through prices. Furthermore, dollar values provide a
benchmark by which a wide variety of foodborne illnesses can be measured and compared.

We present a methodology for estimating the dollar value of avoiding morbidity and
mortality from foodborne illnesses using both the willingness-to-pay approach and the cost of
illness approach. We demonstrate our methodology and derive valuation estimates for avoiding

statistical cases of botulism, salmonellosis, chronic hepatitis, and Madder cancer.

11 METHODS AND RESULTS

The empirical model presented here was developed using publicly available data. We

used the model as part of a larger study to estimate the value of avoiding both health and



nonhealth adverse effects from consuming foods that violate the FD&C Act (Mauskopf et al.
1988). In this paper, we only describe and implement the method for estimating the value of
avoiding adverse health effects.

The method we use to compute the dollar value for avoiding foodborne illnesses
associated with violations of the FD&C Act consists of the following seven steps and is

illustrated in Figure 2:

¢ Identify the foodborne illnesses of concern.

Describe the adverse health effects of each foodborne illness on an individual
consumer.

¢ Translate these health effects into time spent in specific health states.

* Estimate the gains in quality-adjusted life-years (QALYS) associated with avoiding a
case of each foodborne illness.

e Estimate the value of a QALY.

¢ Compute the willingness-to-pay estimate for avoiding each foodborne illness by
combining the estimates of the QALYs avoided and the dollar value of a QALY.

¢ Use the estimated adverse health effects to compute the cost-of-illness estimates for .
each foodborne illness.

We discuss each step of the analysis in the following sections.

Identify Foodborne Illnesses

In the first step of the analysis, we use available human and nonhuman data to identify
illnesses likely to be associated with violations of the FD&C Act (FASEB, 1988). In some cases,
a cause-and-effect relationship between a violation and an illness is well-established, such as that
between botulinum toxin and botulism. In other cases, this relationship maybe less understood,
such as that between pesticide residues and risk of cancer.

To facilitate the later steps in the estimation procedure, we subdivide foodborne illnesses
into three categories:

¢ acute illnesses, which occur with no latency period after exposure, have a well-
defined duration, and end in either death or complete cure;

* chronic illnesses, which have no (or a short) latency period after exposure, a
prolonged duration, and end in death; and



« cancers, which have a prolonged latency period, short or prolonged duration, and end
in either death or complete cure.

Most foodborne illnesses can be assigned to one or more of these categories. Table |
presents some examples of violations of the FD&C Act and their associated foodborne illnesses.
Botulism is caused by botulinum toxin in a food product and is classified as an acute illness.
Survivors of a severe case of botulism might also suffer from residual chronic illness, but this is
not included in our analysis. Salmonellosis is caused by a bacterium and is a common disease in
its less severe forms. Chronic hepatitis may persist throughout an individual's life after an attack
of acute foodborne hepatitis. Certain pesticide residues and food coloring agents may be
associated with an increased risk of bladder cancer.

Describe the Health Impact an Consumers

In general, foodborne illnesses can occur at various levels of severity, each of which
affects the consumer to a different degree. To simplify the analysis, we chose three levels of
severity for each illness: mild, moderate, and severe. We define the severity category for the
acute and chronic illnesses based on well-defined clusters of symptoms, resource use, and/or
mortality risk The severity levels are used for all illnesses except cancers, which we define as

local, regional, and distant.

For each level of illness severity, we describe the impact on consumers in terms of patient
symptoms, mortality rates, duration of treatment and recovery, frequently used medical
treatment, and functional status during treatment and recovery. Functional status during the
illness is defined as either in a hospital, in bed at home, or at home not in bed. Table Il illustrates
an impact profile for botulism salmonellosis, and chronic hepatitis. Table 111 illustrates the
impact profile for bladder cancer. We obtained the data for these impact descriptions from the
medical and clinical literature.

Determine Time Spent in Specific Health States

Adverse health effects from foodborne illnesses can cause both short- and long-term
changes in health status. We classify the length and degree of health status changes by the time
spent in specific health states. Health states can be defined broadly or narrowly depending on the
conditions and purpose of the analysis. Several studies in the biomedical literature have
developed health states or health status index scales to describe and categorize the adverse health

consequences from illness and disease.



For this analysis, we use the set of health states defined by Rosser and Kind (1978). But
analysts can use any set of health states general enough to be applied to all foodborne illnesses
and for which relative utility weights have been estimated. In our comprehensive study for FDA
(Mauskopf et al. 1988), we also used the Bush et al. (1981) health status index and the health
status index developed for a study of vaccines by the Institute of Medicine (1985). Table IV
presents the Rosser and Kind health state definitions. They express health status in terms of two

dimensions: objective disability and distress.

After choosing a set of health states, we describe the adverse health effects from each
foodborne illness in terms of time spent in the specific health states. The descriptions are
presented for botulism, salmonellosis, and chronic hepatitis in Table V and for bladder cancer in
Table VI using the Rosser and Kind health states. For example, we estimated that a mild case of
botulism would result in severely limited ability to work for five days with mild distress. In
contrast, we estimated a serious case of botulism would result in 90 days confined to bed in
severe distress, 30 days confined to a chair in moderate distress, and 60 days unable to work in

mild distress.

Estimate Losses in Quality-Adjusted Life-Years

To estimate the QALYs lost as a result of a foodborne illness, it is necessary to make a
series of assumptions including age at exposure to the violative product, latency period after
exposure for the illness to appear, remaining life expectancy at time of illness, and health status
at onset of illness and for remaining lifetime. We assume the following baseline conditions:

* age at exposure is 30 years,
* a 20-year latency period for cancer, but no latency period for acute or chronic effects,

* remaining life expectancy at age 30 and at age 50 is 46 years and 26 years
respectively,

* individuals are in perfect health and, in the absence of foodborne illness, would
continue in perfect health for their remaining lifetime.

Lipscomb et al. (1983) have shown that this last assumption results in overestimates of the losses

associated with illness of about 5 percent.

Using the assumptions noted above, the estimated time spent in specific health states for
each foodborne illness, and the relative utility (well-being) weights shown in Table VII for the

Rosser and Kind index, we computed the losses in QALY's associated with each illness.



Table VIII presents the estimated losses in QALYs for botulism, salmonellosis, chronic hepatitis,

and bladder cancer.

For botulism, the estimated losses in QALYs are much larger for those who die from the
disease (25.5 QALYs discounted at 3 percent or 46 QALYs undiscounted) than for those who
have a severe case and survive (0.647 QALYSs). For chronic hepatitis, the losses in QALYs are
assumed to continue for the rest of the individual's lifetime. We estimate that approximately 50
percent of the people with bladder cancer die. In addition to suffering premature death, those
individuals who die from bladder cancer suffer significantly greater losses from morbidity (0.31

undiscounted QALY's) than those who survive (0.07 undiscounted QALYS).

Estimate the Value of a Quality-Adjusted Life-Year

We use willingness-to-pay estimates for reductions in morbidity and mortality risks to
assign a dollar value to a QALY. The process follows a series of steps. First, we explored the
literature and chose a representative willingness-to-pay estimate for the value of a statistical life.
We selected $5 million. This value was estimated by Viscusi and Moore (1988) in a recent study
of wage premiums paid to workers in risky occupations with an average age of 40 years. Five
million dollars serves as the willingness-to-pay estimate to avoid the index state (death) from a
previous condition of perfect health. We assume that the remaining life expectancy for a 40-
year-old worker is 36 years. Using a value estimated for a statistical life (death) is appropriate,
because FDA monitors and enforces programs that reduce the risk of foodborne illness for the

general population, thus preventing statistical, not identified, cases.

Equation 1 illustrates the formula we use to compute the undiscounted value of a QALY

from the estimated value of a statistical life.

value of a statistical life
remaining life expectancy

$QALY (0% discount) = (1)

Alternatively, for a discount rate of 3 percent, we first convert remaining life expectancy to total

discounted life-years (TDLYSs) through the following calculation:

TDLYs reinaining = ia—;-(-)-l-(')—?,)—l_-l' = 22.5, 2

i=1

and then compute the value of a QALY as:

value of a statistical life
total discounted life-years

$QALY (3% discount) = (3)



Using $5,000,000 as the value of a statistical life (Viscusi and Moore, 1988), the
estimated value of a QALY is $138,000 at a 0 percent discount rate, and $222,222 at a 3 percent

discount rate.

In computing the value of a QALY as described above, we used death as the index state.
Alternatively, the value of a QALY can be computed from estimates of the willingness-to-pay to
avoid other adverse health states, provided that the lost QALYs associated with these adverse
health effects are also estimated. For example, Rowe and Chestnut (1984) estimated the
willingness to pay to avoid a bad asthma day at $23.00. Using the Rosser and Kind scale, the
loss in QALYSs associated with a day with asthma is estimated as 0.00008. Thus, using a day of
asthma as the index state will result in an estimate for a QALY of $287,500. This exercise can
be performed for a variety of different index states to generate a range of estimates for the value
of a QALY.

Estimate the Value of Avoiding Morbidity and Mortality

In the final step of the willingness-to-pay analysis, we compute the product of the QALYs
gained and the dollar value of a QALY to generate willingness to-pay estimates for the avoided
morbidity and mortality associated with foodborne illnesses. Estimated values for botulism,
salmonellosis, chronic hepatitis, and bladder cancer are presented in Table IX. The estimated
dollar value for avoiding foodborne illnesses associated with a high risk of death, such as severe
botulism or bladder cancer, is much higher than for avoiding nonfatal illnesses such as mild or
moderate cases of salmonellosis. Nevertheless, the estimated morbidity losses are not

insignificant.

Caution must be exercised when interpreting the implications of these estimates. Many
serious foodborne illnesses are rare, such as those presented as examples here. Since the
willingness-to-pay values are for statistical cases of each illness, the aggregate value of avoiding
all cases may be relatively small in comparison to a less severe illness with a much higher
prevalence. As an example, foodborne illnesses such as salmonellosis are usually not life
threatening, yet they are very common, especially in their milder forms. Consequently, the total
dollar losses associated with morbidity from this disease may be very high—in the billions of
dollars (Archer and Kvenberg 1985).

Estimate Morbidity and Mortality Losses Using the Cost-of-l1llness Approach

An alternative approach to estimating the value of avoiding foodborne illnesses is to
estimate the direct and indirect costs avoided in terms of medical care and productivity losses.



The cost-of-illness method advocates an accounting cost framework to estimate the observable
costs (medical care) and an opportunity cost framework to estimate the implicit costs
(productivity losses). Cost-of-illness estimates for botulism, salmonellosis, and bladder cancer

are presented in Table X.

Cost-of-illness methods have been applied in numerous studies for many different
illnesses and diseases. Despite its popularity, the cost-of-illness method tends to underestimate
the true value of the avoided illness because it does not address the value of avoiding certain cost
categories (e.g., pain and suffering). On the other hand, the cost-of-illness method may
overestimate the value of the avoided medical costs to the individual because these costs are
often shared via health insurance.

v CONCLUSION

We described two methods that can be used to estimate the value of avoiding the
morbidity and mortality associated with foodborne illnesses: willingness-to-pay and cost-of-
illness. We demonstrated the use of these methods and estimated the value of avoiding statistical
cases of four foodborne illnesses: botulism, salmonellosis, chronic hepatitis, and bladder cancer.
At least three conclusions can be drawn as a result of this analysis. First, the fatality rate is the
key factor when determining the relative value of avoiding different levels of severity for acute
ilinesses and cancers. Second the value of morbidity losses, both for those ultimately dying
from the illness and for those surviving, are significant. Finally, the estimated value of avoiding
chronic diseases is critically dependent on the degree of functional impairment associated with
the illness.

Although the cost-of-illness method is a convenient approach for estimating the tangible
costs of illness and disease, it is flawed because it does not consider disutility costs. Willingness-
to-pay methods are conceptually appealing because they are based on microeconomic utility
theory. Willingness-to-pay estimates include the disutility costs associated with illness and
disease such as physical and emotional pain and suffering.

Despite its theoretical strengths, the willingness-to-pay approach can be difficult to
implement due to data requirements. In addition, the estimates are highly sensitive to simplifying
assumptions and baseline parameter values (e.g., age at exposure, remaining life expectancy,
discount rate, health status index scale). Although these issues cannot be ignored, our
methodology is able to use secondary data to generate defensible estimates for the value of
avoiding a wide variety of morbidity states. More importantly, decisionmakers can use this



methodology to include the value of reducing morbidity risks as well as the value of reducing
mortality risks in their benefits estimates. This is especially useful for FDA and other federal
agencies that regulate health risks.
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TABLE 1. SAMPLE OF FOODBORNE ILLNESSES CAUSED BY VIOLATIONS
OF THE FD&C ACT

Violation

Acute Effects

Chronic Effects

Cancers

FD & C Red#10

Cat filth/damage

C. Botulinum

Human filth

Salmonella
Inadequate.
pasteurization,
LACF

Sulfite

Contact dermatitis

Toxoplasmosis

Botulism

Shigellosis, hepatitis,
listeriosis, colitis

Salmonellosis

Salmonellosis,
botulism

Allergic response

15

Congenital
toxoplasmosis

Chronic hepatitis,
cirrhosis

Bladder

Liver




TABLE 1.

HEALTH EFFECTS OF BOTULISM, SALMONELLOSIS, AND CHRONIC
HEPATITIS

e ____ ]

Iiness Symptoms Duration Treatment Functional Fatality
Status Rate
Botulism
Mild Malaise, weakness, 5 days Antitoxin 5 house days 0%
fatigue
Moderate Nausea/vomiting, 21 days Antitoxin 7 hospital days 0%
diarrhea, 7 bed days
abdominal pain, 7 house days
fever, malaise,
weakness,
headache, dizziness
Severe Same as 180 days Antitoxin, 90 hospital days 22.5%
moderate plus respiratory 30 bed days
respiratory support 60 house days
paralysis,
muscular paralysis,
pulmonary infection
Salmonellosis
Mild Nausea/vomiting, 3 days Oral fluids, 2 bed days 0%
diarrhea antispas- 1 house day
abdominal pain, medics
anorexia weakness
Moderate Same as mild plus 7 days Oral fluids, 4 bed days 0%
fever, headache, antispas- 3 house days
dehydration/ medics
prostration
Severe Same as moderate 11-20 days 1.V. fluids, 5-14 hospital days 13%
plus enteric antispas- 3 bed days
bacteremia medics, 3 house days
antibiotics
Chronic Hepatitis
Malaise 1 year to None Very minor 0%
lifetime restrictions

- —__— __ —— — — ———_——— _——— — — — — —— —— — ——“"——— "
Sources: FASEB (1988), Mann et. al., (1983), Todd (1985a), Todd (1985b), CDC (1980).
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TABLE Ill. HEALTH EFFECTS OF BLADDER CANCER

. —— . ___—— ]

Estimated Duration
of Treatment,
Cured Patients = < 2 years

Estimated Duration
of Treatment,
Uncured Patients=  1.97 years

Estimated
Fatality Rate = 51%

Frequently Used
Medical Treatments and
Associated Side Effects

Associated Signs and Symptoms

Bloody urine

Pain on urinating

Abdominal pain

Further symptoms from metastasis

Functional Status
During Treatment and Recovery

Surgery
Pain
Discomfort

Radiation Therapy
Diarrhea
Mucositis which can preclude
substantial oral intake and
lead to malnutrition

Chemotherapy

Nausea

Vomiting

Hair loss

Inflammation of mucous
membranes

Suppression of white cell

development

Cerebellar dysfunction at high
doses

Anorexia

Rashes

Inflammation of hair follicles

Hyperpigmentation

Fever/chills

Renal failure

Anemia

First Second

Cured Patients Year Year

Hospital Days 10 7

Days of Hospital Recovery 8 6

Chemotherapy Days 0

Days of Chemotherapy Recovery 0 0

Radiation Therapy Days 0 0

Days of Radiation Therapy Recovery 1

Mild Distress Days 345 170

First Second

Uncured Patients Year Year

Hospital Days 18 35
Days of Hospital Recovery 14 28
Chemotherapy Days 3 24
Days of Chemotherapy Recovery 3 24
Radiation Therapy Days 7 14
Days of Radiation Therapy Recovery 3 7
Nursing Home Days 0 7
Partial Disability Days

Total Disability Days 0 41
Mild Distress Days 317 144

e
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TABLE IV. ROSSER AND KIND HEALTH STATES

Objective Disability Distress

1. None 1. None

2. Slight social disability 2. Mild

3. Severe social disability, 3. Moderate
slight impairment at work

4. Work severely limited 4. Severe

5. Unable to work
6. Confined to chair
7. Confined to bed

8. Unconscious

Source: Rosser and Kind (1978)
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TABLE V. DISABILITY, DISTRESS, AND TIME IN SPECIFIC HEALTH STATES
FOR BOTULISM, SALMONELLOSIS, AND CHRONIC HEPATITIS

I1Iness Disability Distress Duration
Index Index
Botulism
Mild 4 2 5 days
Moderate 7 3 7 days
6 3 7 days
4 2 7 days
Severe 7 4 90 days
6 3 30 days
4 2 60 days

Salmonellosis

Mild 6 3 1 days

4 2 1 days

Moderate 6 3 4 days
4 2 3 days

Severe 7 3 10 days

6 3 3 days

4 2 3 days

Chronic Hepatitis 2 2 365 daysl/year

19



TABLE VI. DISABILITY, DISTRESS, AND TIME IN SPECIFIC HEALTH STATES
FOR BLADDER CANCER

Functional Status During

Duration Treatment and Recovery*
First Year Second Year Disability Distress
Index Index

Cured Patients

10 7 Hospital Days 7 3
8 6 Days of Hospital Recovery 6 3
0 0 Chemotherapy Days 5 3
0 0 Days of Chemotherapy Recovery 4 2
1 0 Radiation Days 5 3
1 0 Days of Radiation Recovery 4 2

345 170 Miid Distress Days 1 2
Uncured Patients

18 35 Hospital Days 7 3

14 28 Days of Hospital Recovery 6 3
3 24 Chemotherapy Days 6 3
3 24 Days of Chemotherapy Recovery 5 3
7 14 Radiation Days 6 3
3 7 Days of Radiation Recovery 5 3
0 7 Nursing Home Days 7 3
0 41 Partial Disability Days 4 2
0 41 Total Disability Days 6 3

317 144 Mild Distress Days 1 2
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TABLE VII. RELATIVE UTILITY WEIGHTS FOR THE ROSSER AND KIND
HEALTH STATUS INDEX

Distress Index

Disability

Index 1 2 3 4
1 1.0 0.995 0.990 0.967
2 0.990 0.986 0.973 0.932
3 0.980 0.972 0.956 0.912
4 0.964 0.956 0.942 0.870
5 0.946 0.935 0.900 0.700
6 0.875 0.845 0.680 0.000
7 0.677 0.564 0.000 -1.486
8 -1.028 — - -

Source: Rosser and Kind (1978)
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TABLE VIII. LOSSES ON QUALITY-ADJUSTED LIFE-YEARS FROM BOTULISM,
SALMONELLOSIS, CHRONIC HEPATITIS, AND BLADDER CANCER

b ——

Loss for Weighted
survivors Average Loss
IlIiness Fatality QALYs* QALYs*
(QALDs)** (QALDs)**
Botulism
Mild 0% 0.00055 0.00055
(0.2) (0.2)
Moderate 0% 0.0263 0.0263
(9.6) (9.6)
Severe 22.5% 0.647 6.24
(236) (2,279)
Salmonellosis
Mild 0% 0.001 0.001
(0.4) (0.4)
Moderate 0% 0.004 0.004
(1.4) (1.4)
Severe 13% 0.03 3.35
(11.1) (1,221)
Chronic Hepatitis
0% 0.36 0.36
(130.4) (130.4)
Bladder Cancer
Undiscounted 51% 0.068 12.9
(24.7) (4,700)
Discounted 51% 0.067 9.57
3% to Diagnosis (24.4) (3,494)
Discounted 51% 0.037 5.30
3% to Exposure (13.5) (1,934)
* QALY = quality-adjusted life-year
** QALD = quality-adjusted life-day
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TABLE IX. WILLINGNESS-TO-PAY ESTIMATES FOR AVOIDING BOTULISM,
SALMONELLOSIS, CHRONIC HEPATITIS, AND BLADDER CANCER

IlIness Fatality Survivors Weighted
Rate Average
Botulism
Mild 0% $130 $130
Moderate 0% $5,800 $5,800
Severe 22.5% $143,750 $1,388,000
Salmonellosis
Mild 0% $222 $222
Moderate 0% $890 $890
Severe 13% $6,700 $740,000
Chronic Hepatitis 0% $79,400 $79,400
Bladder Cancer
Undiscounted 51% $8,220 $1,178,000
Discounted 51% $9,384 $1,780,000
3% to Diagnosis
Discounted 51% $14,900 $2,127,000
3% to Exposure
S S T e e e — 3
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TABLE X. COST-OF-ILLNESS ESTIMATES FOR AVOIDING BOTULISM,
SALMONELLOSIS, AND BLADDER CANCER

IIness Fatality Survivors Weighted
Rate Average
Botulism
Mild 0% $470 $470
Moderate 0% $4,710 $4,710
Severe 22.5% $68,500 $195,000

Salmonellosis

Mild 0% $197 $197

Moderate 0% $622 $622
Severe 13% $65,556 $86,895
Bladder Cancer* 51% $13,876 $215,000

* Lost earnings discounted at 3% to diagnosis.
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| ntroduction

This article extends the Arthur (1981) social consunption equivalent (SCE)
value of life nodel to one that also accounts for health status and serious
injury. Death is only one possible outcone of risky activities, and by the
avai | abl e evidence, not always the least desirable. Fates worse than death
are now recogni zed as inportant determnants of private decisions to avoid
risk and of the social value of public programs designed to reduce or
elinmnate hazards to life and linb. Kind, Rosser, and WIliams (1982)
exam ned the inpacts of distress and disability on the joy of living and found
that permanent confinenent to bed was considered as bad as death, and
pernmanent coma even worse. In a British study of injury severity by Geen and
Brown (1978), university students ranked death third behind brain damage and
paralysis from the neck down. Jones-Lee, Hammerton, and Philips (1985) found
that in a probability sanple of 1000 British residents, the nedian individua
considered lifetime confinement to a wheelchair as bad as death, and being
pernmanent |y bedridden was considered as bad or worse than death by 63 percent
of the respondents. Howard (1984) has examined the theoretical inplications
of extrene disability for individual decisions regarding risk.

The inpact of serious injury on individual and social welfare can be
substantial, as inplied by the findings cited above. Inplicit in these data
is the effect of injuries on the utility fromadditional years of life. A
person’s health status is likely to have a direct effect on wel fare—
particularly when pain and suffering are involved-as well as indirect effects
such as dimnished utility from consum ng other goods

In addition to their effects on the utility associated with additiona
years of life, permanent and tenporary disabilities have inportant
inplications for the age profile of consunption, production, and nortality.
Changes in the incidence of serious illness and injury also may have quite
different inplications than changes in the death rate from the sanme cause.

The inpact of a change in the incidence of serious injuries on |abor market
productivity and consunption may include offsetting effects, for exanple,
dependi ng on whether the change is associated with an increase or decrease in
death rates. Reductions in the injury rate that are not offset by an increase
in death rates should increase average |abor productivity. The magnitude of
these effects will depend on the age of the individual, tine to recovery, and
the extent to which it was already possible to switch to less physically
demanding activities following a serious injury. Consunption of costly

medi cal resources will decline with a reduction in the incidence of serious
injury, perhaps nore than offsetting any increase in other types of
consunpti on.

The nortality inplications of adding the seriously injured to the nodel
can be viewed in terms of resuscitated |ives—saving those who woul d have died
as the result of a serious illness or injury through the application of
advanced nedi cal technol ogy or inproved health and safety neasures—and shoul d
be contrasted with the elimnation of a cause of death. The life-table
inplications of lifesaving of this type have been worked out in detail by
Vaupel and Yashin (1985). Those who have been saved from death but not from
serious injury subsequently face a different regime of nortality risks than
those who have never been seriously injured. For exanple, the quadriplegic
must forgo risk-producing activities, such as driving, but faces increased
risks to life in other respects, for exanple, from infections



The social consunption equivalent (SCE) framework allows one to trace the
inplication of changes in nortality across different ages on the various
components of the nodel. The follow ng section briefly sunmarizes the main
points of the SCE nodel as it has been devel oped for death. Many of the nore
technical details are included in a footnote. The discussion includes a
conparison of the SCE nmodel with those based on willingness to pay and human
capital. This is followed by a fornal presentation of the revised nodel that
includes health status as an additional argument of the utility function and a
determinant of the age patterns of productivity, consunption, and nortality.
Once health statuses are refined beyond the sinple two-way classification
alive-dead, it is necessary to confront the problem of measuring the utilities
of alternative health states. The paper then reviews the utility neasures
avail abl e and exam nes their consistency and capability through illustrative
val uations of selected illnesses and injuries.

The Social Consunption Equival ent Value of Life

The SCE net hod uses an age-specific, overlapping generation, economc
model to assess the cost of loss of life or the value of lives saved as the
result of a change in the pattern of nortality by age. The SCE nethod is: (1)
based on econom ¢ welfare theory, (2) gives values in dollar ternms that are a
function of the age of the victim (3) gives values that can be expressed in
ternms of human capital and willingness to pay, and (4) is fully actuarial
Under SCE, loss of life can be evaluated in three different ways: (1) by
changes in age-specific life-table survival risks (caused, say, by inproved
hi ghway design), (2) by “statistical” lives lost at a given age a, and (3)by
cause (cancer, airline accidents) where loss.of life occurs with a known age
incidence. SCE enphasizes that valuation nust account for the additiona
consunption of those whose lives are saved or |engthened. For exanple, when a
70 year-old's life is “saved,” society gains that person’s enjoyment or
utility of additional years that are otherwise lost. But the extra
consunption that supports utility in these additional years nust be paid for-
-possi bly by additional social security payments, by transfers from younger
relatives, or by additional saving earlier in life

The SCE method can be viewed in terms of two key relationships. The first
of these is the social welfare function given by:

w
W= g Ulc(x),x]p(x)dx (1)

where Uc,x] is the utility of being alive at age x, given consunption rate c;
p(x) is the probability of surviving frombirth to age x; and wis the nmaxi mum
age of surivorship. The second equation is given by the societal budget
constraint:

W (V]
g e~Pp(x)c(x)dx = (£(k)-gk) ! e~F*p(x) \(x)dx (2)

where g is the constant rate of population growth; £(k)=F(K,L)/L is output per
wor ker at capital-labor ratio K/'L for an econony with constant returns to

scal e producti?n function F, and A(x) is the age schedul e of |abor
participation.



By considering the total differentials of equations (1) and (2) with
respect to an arbitrary pattern of changes in survival probabilities, Arthur
was able to show that the change in expected lifetine welfare is given by:

w
W = [ Ulc(x),x]8p(x)dx
0

W w
+ 3U/3c(0) {w [ e~9*X\(x)ép(x)dx - [ e~ FXc(x)dp(x)dx + Bsglspl }  (3)
0 0

where wis the wage rate, and B is the life-cycle value of a marginal increase

in the population growth rate (Arthur and McNi coll, 1978). This can be
reexpressed nmore conveniently as:

W = Usp + 3U/3c(0) { wLgp - C§p + VepB/An 1 (4)
Li fe-'(,ycl e Uility of Val ue of Social Cost of  Value of
Nl fare Extra Extra Consunption Addi tiona
I ncrease Life-Years Labor - Year s Upkeep Chi l dren

where Lg and cg are the expectations of extra person-years of production and
consunpt on resufti ng fromthe particular variation &p, Vgp is additi onal
children per person due to the variation in nortality, anéAm t he average
age of reproduction in the stable popul ation.

Equation (4) was used by Arthur (1981) to develop the social welfare
equi valent of an increase in risk corresponding to the loss of one life
selected at random at age a. In order to express the value of life in
consunption units, Arthur assumed that utility function U does not vary wth
age and has constant elasticity of consunption:

Ulc(x),x] = c€ (5)

wher e e=(dU/dc)(c/U(c)) is the constant elasticity of consunption. The soci al
consunption equivalent value of nortality variation 8p is given by:

SCE(dp] = (1/e - l)cSP + WLsp + (5/Am)V5p. (6)

Equation (6) makes explicit the fact that the enjoynent of additional years of
life is directly offset by its consunption cost.

Equation (6) also provides a direct connection between the social
consunption equivalent nmethod and human capital and willingness-to-pay '
criteria for valuing variations in nortality risks. In Landefeld and Seskin's
(1982 ) formulation, willingness to pay for life and safety (WP) essentially
equal s the product of the present value of the individual’s future nonetary
and nonnonetary goods consunption tinmes A the reciprocal of the goods
consunption elasticity of lifetime utility. The first conponent is given in
equation (6) by cg, and the second by 1/e. The human capital (HK) approach
uses the present value of the change in expected lifetine earnings, Wth
appears as the wLg termin equation (6).. Human capital net of consunption,
thus, equals the negative part of the first termin (6) plus the second term
This suggests the following definition of SCE in terns of WP and HK



SCH ép | = (]_/g)cép + wLhsp - Csp + (B/Am)"ap° (7)
Soci al Aver age Human Capit al Val ue of
Consunption I ndi vi dual Net of Addi tiona
Equi val ent W I lingness Consunpti on Children
Val ue to Pay

Equation (7) shows that society’s willingness to pay for nortality
I nprovenments may be greater or less than individual wllingness to pay for the
sane change.

Adding Health Status to the Model

The SCE nodel can nodified to include nonfatal risks by including a term
for health status in the welfare function. W assune that each person has a
utility function Ule(x),h(x),x], where h(x) is defined as the “state of
health” at age x. Health status is also assumed to have a direct inpact on
health costs, consunption, fertility, nortality, and labor productivity.

Changes in fertility, mortality, and | abor productivity will induce changes in
the equilibriumstable population growth rate and the equilibriumcapital-
| abor ratio. Suppose that some activity (e.g., less safe roads, changed

airline regulations) alters the health state by 8h(x) over the age dinension.
Suppose also that this change has associated with it direct health costs

dcyl 8h], and alterations in consunption &c{ 8h], | abor effectiveness 8A[ §h 1,
nmortality 8p[8h), and fertility &m{8h]. The latter are all directly observed
changes for a specific category of injuries.

The social welfare function now takes the follow ng form

w
W-OI Ulc(x),h(x),x] -p(x)dx. (8)

We can rewite the societal budget constraint as:

w ® w
] e=FXp(x)c(x)dx +6f e~ Fp(x)cy(x)dx = (£(k)-gk) g e~IXp(x)A(x)dx (9)
0

breaki ng out health costs and consunption expenses separately. The change in
wel fare caused by 8h is given by:



w w
SW = 3U/3c(0) [ e~FXsc[shlp(x)dx + | 3U/3h-sh(x)p(x)dx
0 0

Nl fare Change el fare Change Due to
of Adjustment in Changed | ncidence of
Consunpti on Injuries
w
+ [ Ulc(x),h(x),x]8plsh]dx. (10)
0

Wl fare Change from
Extra Years of Life

The change in h will also cause adjustments across the societal budget
constraint:

0=

[= L

w
e~%Xc(x)8p{Shldx + [ e~9Xsc[sh]p(x)dx
0

w w
+ [ e FXcy(x)8pldhldx + [ e~IXscyl sh]p(x)dx
0 0

@ W
(£(k)-gk) { J e~9%X\(x)8plsh]dx + | e~FXp(x)SA[sh]dx }
0 0

w
sk[8h](£'~g) g e~F*N(x)p(x)dx - B3g[sh]. (11)

Equation (11 ) is identical to equation (N 6 ) in footnote 1 except for the
addition of the terms related to changes in nedical costs (&cylsh]) and
changes in |abor productivity related to changes in health status (8X[8hl).
Al 'so, the change 1 n the population growth rate now includes the conbined
effect of changes in fertility and nortality.

Using equation (11 ) to substitute for the first termin equation (10)
yi el ds:



w w
W = | Ulc(x),h(x),x]8pldh]dx + [ 3U/Ah-8h(x)r.(x)dx
0 0

w w
+ 3U/3c(0) { wel [ e 9X\(x)8p(x)dx - [ e~9XsA[Sh]p(x)dx ]
0 0
w w
- | eFXscylSh]lp(x)dx - [ e~ F¥cy(x)8p(x)dx
0 0

w
- | e~9%c(x)dp(x)dx + B&g[sh] }
0

(12)
This can be sinplified to:
W = Usp + Ush
Life-Cycle Uility of Uility”of
Vel fare Extra | nproved
| ncrease Life Years Heal th Status
+ dU/3c(0) { stp - wLgh
Val ue of Val ue of
Extra | ncreased
Labor Years Productivity
= CH,8h = cH,&p
Soci al Cost of Soci al Cost of
Health Status Health Mintenance
| nprovenent s Over Extra Years
- c5p + (Vep*+Vem) 8/Pp (13)
Social Cost of Val ue of
Consunption Addi ti onal
Upkeep Children

Wiere Lg , ¢§, and cg § are expected extra person-years of production,

consunption, and heal th costs respectively, resulting from variation in
nortality; Lgh, €gh, and cg,g are the expected life-cycle increases in
productivity, consunption, ang heal th costs directly associated with inproved
health status; vg and vgy are additional children per person due to variation

in nmortality and health, respectively; and Am is the average age of
reproduction in the stable popul ation.

A conparison of equation (13) with equation (3) indicates that inproving
heal th status has benefits and cost above and beyond those associated wth

improved longevity. There is a quality-of-life aspect to living |onger, now
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captured by the second termin equation (13), that was ignored in the original
nmodel . A healthier population will also be a nore productive one, but at the
addi tional social cost of maintaining good health. Finally, health status

changes may affect fertility rates, which in turn affect social welfare either
negatively or positively depending on the value of additional children to the

soci ety.
Enpirical Estimation

This subsection describes methods for estimating each term in equation
(13). The remainder of this section. provides illustrative applications.

Since health status is accounted for explicitly in the nodel, the
utility per life year (the first termin the equation) should be uniform over
tim. Its value can be estimated froma study of individual willingness to
pay for a statistical life by (a) selecting a discount rate, (b) conputing the
present value (in years) of the remaining expected |ifespan for someone at the
average age in the study population, and (c) dividing nmean willingness to pay
by nmean expected life span. Mller (1986) identifies 25 studies of individual
willingness to pay for a statistical life that are of reasonable quality.

After adjusting such paraneters as the value of tine to make the values in the
studies nore conparable and adjusting for people’ s msperceptions of their
fatality risks using the procedure in Blomguist (1982), the mean value of a
statistical life across the studies was $1.95 mllion 1986 after-tax dollars
with a standard deviation of $.5 nmillion.

Alnmost all of the 25 studies involved populations wth mean ages around
38. According to the Statistical Abstract (1988), the average remaining
lifespan at age 38 is roughly 39 years. At a 6 percent discount rate, the
value per life year at age 38 is about $120,000 or $350 per day. At a 2
percent discount rate, it is about $70,000 per year or $200 per day. By way
of conparison, More and Viscusi (1988) estimates a statistical nodel of wage
premuns for risk that indicates the average individual is willing to pay
$90,000 for a life year and uses a 2 percent discount rate in safety
deci si onmaki ng.

The utility per year of inproved health status—the second termin
equation (13)--presents the greatest difficulty in valuation. Conputation of
differences in welfare associated with changes in health status requires
knowing the utilities of alternative health states. Recent work on the
measurement of health status (reviewed in the next section) provides the
necessary data. This work produced scales indicating how utility |oss varies
with the nature and extent of functional |oss

If the utility values on a scale are nornalized so that death has a
value of zero and perfect health a value of one, the value associated wth
unit utility loss for one year will be the value of a life year. The utility
in the second termis the product of the functional |oss averted and the
utility of this loss. To get a dollar value, this product is multiplied times
the value of a 'functional life year.
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The third through seventh terns in equation (13) together constitute the
change in human capital net of consunption that results fromthe health status
change. This is a societal externality. The value of extra |abor years and
increased productivity is nmeasured by the gain in earnings attributable to
averting the illness or injury. The social costs related to health status
changes essentially we nedical costs borne by third-party payers, charity, or
governnent. The seventh termis the inpact of the health status change on
consunption, including consunption funded by transfer payments, insurance
payouts, and earnings. Under the assunption that all bequests stay within the
famly, the change in the famly' s after-tax earnings that results fromthe
illness or injury should equal the change in the famly’s earnings-related
consunption--so they cancel out. Thus, the externalities resulting from
reduced illness or injury equal taxes gained plus transfer paynents (including
medi cal care reinbursement) averted. The dollar value of the externalities
generally can be conputed from the extensive literature on costs of norbid
conditions and data from the Health Interview Survey.

The explicit inclusion of transfer paynments in the societal benefits is
consistent with the generally accepted principle that transfer paynent
reductions are not benefits (see, for exanple, Kl arman, 1965 or Hu and
Sandifer, 1981). Rational individuals will pay less to avoid disability if
transfer payments will cover sone of the associated costs. Since transfer
payments were subtracted from individual wllingness to pay, their explicit
addition yields zero net transfers in the societal benefit estimte

The final termin equation (13) is the value of additional children born
due to the health status inprovenent. Arthur (1981) estimates the val ue of
this termas -$68,125 (in 1975 dollars), based strictly on the costs society
incurs per child. This approach ignores the nonecononic benefits that parents
derive fromtheir children. Analyses of direct costs and opportunity costs of
children (Espenshade and Cal houn, 1986) suggest these benefits are at |east as
large as the opportunity costs. In this article, therefore, the net value of
this termis assumed to be negligible and is ignored in the conputations.

Consi stency of Enpirical Estimates across Scales

The operations research and medical decision-making literature contains
many scales that examne the multi-attribute utility loss associated with dif-
ferent health states. Some articles focus on individual diagnoses--for
exanple, the utility loss associated with blindness or kidney failure. Qhers
create functional ability scales and examne the utility associated with each
state on the scale. Torrance (1982, 1986) evaluates the different
met hodol ogi cal approaches used in this literature

Tables 1 through 3 conpare the utility loss that different scales
suggest is associated with selected diagnoses. The studies by Geen and Brown
(1978), Card (1980), Hs et al. (1983), Myanoto and Eraker (1985), Pliskin
Shepard, and Winstein (1980), Sackett and Torrance (1978), and Viscusi et al
(1989) directly estimate the utility loss associated with specific diagnoses.
The other loss estimates in this table were conputed by devel oping descrip-
tions of the functional inpairnments associated with the diagnoses, then
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conputing the utility losses that each scale suggests are associated with
these inpairnents. Inpairnents generally were evaluated on only a subset of
the utility scales because the other scales did not include appropriate

i mpai rment cat egori es.

This section first describes and evaluates the studies that provide
utility loss estimates for at least two diagnostic conditions. Next, for each
diagnosis, it conpares the utility loss estimates across studies and sub-
stitutes the nodal utility loss estimate into equation (13) to estimate an SCE
value. This analysis is the first systematic attenpt to validate the utility
scal es against one another or against utilities estimated from studies of
specific illnesses and injuries. To provide a fairer test of the scales, we
generally estimated the functional inpairments on all scales first, then went
back and conputed the associated utility |osses.

Avai l abl e Scales Showing Wilities

Torrance (1982) conducted a survey of 112 parents of school-age children
in Canada. The survey yielded utility loss estimates for scales that
eval uated four dimensions of functioning: inpaired physical function, role
function (ability to work, play, etc.), social-enotional function, and health
function. Pain is incorporated, somewhat cursorily, in the last category.
Further analysis of the original ratings and supplenmental interviews yielded a
mul tiplicative equation for combining the utility |losses across dimensions of
i mpai rent  (Drunmond et al ., 19872. The utility losses have an uncertainty
range (two standard deviations) of + 12 percent. The four inpairnment scales
are easy to use and applied to the w dest range of diagnoses of any scale we
tested. The equation for conbining ratings is sinple and conceptual ly
appealing;, it adnmits the possibility of fates worse than death and recogni zes
that the utility loss associated with an inpairnent is lower if the individual
initially lacked full utility because of other inpairments

Sintonen (1981) obtained ratings from 120 randomy selected Finns of the
relative utility of each point on 11 functional scales: raving, hearing,
speaki ng, seeing, working, breathing, incontinence, sleeping, eating, menta
functioning, and social participation. The respondents also provided guidance
on additive methods for conputing a conbined utility loss fromthe discrete
| osses. The nethod allows the analyst to go into considerable detail, which
is helpful in evaluating a condition where a detailed nedical description of
the typical course and consequences is available. The lack of a scale related
to pain detracts fromrating quality, however, especially for conscious states
worse than death. The large nunber of factors and additive weights also nean
that inpairments which are not systenmically pervasive never are rated as very
severe, which is inconsistent with the information from other utility scales.

Kind, Rosser, and WIlliams (1982) devel oped a two-dinensional scale that
is particularly easy to use. One dinmension neasures disability, where 1 is
fully mobile and 8 is unconscious. The second dinension measures distress
where 1 is none and 4 is severe. Median utility values were computed from the
non- econom ¢ conponent of British jury awards, which follow an inform
schedule. Interviews also were conducted with a non-random sanple of 70
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subjects including healthy volunteers, doctors, nurses, and patients in

medi cal and nmental hospitals. The survey has nethodol ogical problens,
however, in part because the 10 nental patients provided some extreme ratings
that were not censored. It also is inconsistent with both other survey-based
estimates of utility loss and the jury award scale. Even the jury award
scale’s applicability is limted because it does not deal wth sensory or
mental function. In addition, both the jury and survey data indicate
virtually all health states involve utility |osses |ess than 20 percent or
more than 60 percent, which seems unlikely and disagrees wth other studies.

Kapl an (1982) and Kapl an, Bush, and Berry (1976) provide a utility |oss
estimates for a scale with sinultaneous dimensions of nobility, physica
activity, and social activity, as well as linear score adjustments for 36
synpt om probl em conpl exes. The scale, which was the first devel oped, was

calibrated through a population survey in San Diego. It has the ngjor
limtation of excluding the possibility that inpairments can be worse than or
even alnost as bad as death. In addition, the synptom problem conpl exes

sonetinmes are inconsistent; for exanple, why should a cough and fever add
.007 to utility while a cough alone subtracts .007? Al so, nore analytic
judgment is required to select an appropriate conbination of conplexes using
this scale than to rate diagnoses using any of the other scales.

Hs et al. (1983) enlisted four physicians--specialists in orthopedics,
neurol ogy, plastic surgery, and general surgery-- then divided 476 noderate
and severe injuries into their four specialty categories. The physicians
defined six functional scales, with inpairnent levels ranging fromO0 to 4:
mobi lity, daily living (self care), cognitive/psychol ogical sensory, cos-
metic, and pain. For each injury, the appropriate specialist rated the
probabl e number of weeks of inpairment at each level during the first year,
and the probable inpairnent levels during the second through fifth years and
thereafter. Separate ratings were done for four age groups. The inpact on
life expectancy and the need for corrective surgery also were estinated.

Using two physicians per injury, Carsten (1986) added physician ratings of
sone additional injuries and redefined others, arriving at a final set of 432
injuries. Roughly 20 injury experts then used a structured conputer exercise
to devel op weights for combining the ratings on five of the inpairment dimen-
sions (self care was onmtted) into a total inpairnent score. Their weighting
was adjusted using ratings from an American Medical Association guidebook
(1984), which is discussed below. A decision by Carsten, wthout consulting
the physicians, established that no nonfatal injury was worse than death.
Luchter (1987) added the days of productivity loss as an inpairnent neasure
for minor injuries. Mller, Brinkman, and Luchter (1988) converted the

wor kdays lost for mnor injuries into utility |oss estimates.

Three sources provide utility estimates for a range of diagnoses rather
than for points on functional scales.

The Quides to the Evaluation of Permanent |npairment (American Medica
Associ ation, 1984) were devel oped by rare than 100 physicians. They are
intended primarily for assessing inpairment through physical exam nation and
provi de guidance at a mcro level. For exanple, (a) the inpairnent associated
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with shoulder injuries is estimated separately for the nore and |ess dom nant
arms and varies with the percentage reduction in range of shoul der rotation,
and (b) nine levels of inpairment are presented for lung cancer. The guides
also provide insight into typical inpairnment levels for some injuries and
illnesses. The guides are perfect. They assume nothing is worse than
death. Furthermore, no central control was exerted over the influence
specialists on a body system decided that system had overal |l functioning.
Therefore, the average inpairment scores for some body systems seem high

Geen and Brown (1978) asked about 100 British university students to
rate the relative severity of death, selected injuries, and being unhurt in an
accident. Their results are interpreted in this article as indications of the
percentage utility loss during the period of disability for acute conditions
and of lifetime loss for chronic and irreversible conditions

Finally, Sackett and Torrance (1978) asked a snmall random sanple of
Canadi ans whether they would rather live their normal lifespan with selected
chronic illnesses or live a healthy life but die prematurely. The nunber of
years that people would trade to avoid the different inpairnents determ ned
the utility | osses associated with them The conditions exam ned included
tubercul osis, depression, renal failure, mastectonmy, and an unnanmed contagi ous
di sease. An inportant lesson of this study is that the value of an inpairnents
rises with its permanence. Mre research is needed to determine (a) whether
the value of avoiding mnor illnesses and injuries is significantly overes-
timated with the approach suggested in this article and (b) how to adjust the
val ues based on the duration of inpairnent.

Estimated Investnent to Reduce Selected Injuries and Illnesses

Table 1 presents estimates of the utility |oss and cost associated with
selected injuries. The values in the first colum of data are for blindness.
The utility loss estimates from Torrance (1982) and Geen and Brown (1978) can
be used to judge the quality of our estimates using other scales because these
studi es asked people about the utility l|oss associated with blindness; the
estimates are 37 and 34 percent respectively. The 20 percent value in Card
(1980) also is a survey estimate, but may not be representative of the genera
popul ation because it was based on a small survey of medical Bersonnel. e
estimated a 33 percent utility loss from Carsten (1986) by doubling the
estimate for losing one eye, so the estimate may be low.  CQur 39 percent
estimate from the Kaplan (1982) scale is for someone who did not drive, walked
wi t hout physical problems, was linmted in choice of work, and wore glasses or
had trouble seeing. These two estimates agree with the survey data. The
| owest estimate, the 15 percent loss fromthe Kind, Rosser and WIliams (1982)
scale, is for a severely limted work choice but no distress. Because this
description onmts the sensory loss, the utility loss probably is underes-
timated. Sintonen (1981) provided an adjustnent factor for blindness that we
used in conjunction with the rating of the inpact on functioning to obtain an
estimated utility loss of 22 to 24 percent. This estimate may be |ow because
blindness only affects a few aspects of functioning, which neans the Sintonen
scal e unduly constrains the possible utility loss. Viewed fromthe
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perspective of the other estimates, the 85 percent utility loss estimate in
the Anerican Medical Association guide is a severe overestimate

W conclude that the utility loss associated with blindness is probably
between 33 and 39 percent. Wth the $1.95 nillion dollar value of a life
this range inplies typical individuals would be willing to pay between
$640, 000 and $760,000 to prevent a statistical person anong their group from
going blind. Data on the average foregone. taxes and transfer payments per
blind individual should be added to this value to estimate the SCE

The second colum of data shows the utility |oss associated with severe
brai n danage or |asting unconsciousness. Kind et al. (1982), Torrance (1984),
and Green and Brown (1978) neasured the utility l|oss associated with this
injury directly and determined it was a fate 8 to 28 percent worse than death.
The physician ratings in Carsten (1986) and Anerican Medical Association
(1984), which did not allow fates worse than death, rated the utility loss for
unconsci ousness within 5 percent of the loss for death. Sintonen (1981) found
| asting unconsci ousness was 3 percent worse than death. Torrance (1984) notes
that the visually based rating nethod used by Sintonen inplicitly may have
indicated the survey designer expected people to consider death the worst
fate, so the 103 percent utility |oss may be an underestimate. Kaplan's
(1982) scale does not provide good utility loss estimates for severely
di sabling conditions; for unconsciousness, we estimated a utility loss of 71
percent.

The studies that allow fates worse than death provide the best estinates
of utility loss for lasting unconsciousness, with a 116 percent |o0ss seening
most probable. The last three rows of data in Table 1 indicate the medica
costs, lost earnings, and other public costs associated with unconsciousness
(and other injuries). The nedical and earnings data are from Mller,
Brinkman, and Luchter (1988), while the public costs are from MIller (1986).
Hs et al. (1983) indicates that severe head injury causes roughly a 5-year
reduction in lifespan. If we use a Federal income tax rate of 23 percent
(Mnarik, 1985) and a state rate of 5 percent (Feenberg and Rosen, 1986),
these data can be used with equation (13) to estimate the SCE for a severe
head injury at $3,100, 000.

As the third colum of utilities in Table 1 show, conplete quadriplegia
is another fate worse than death, with a utility loss of 105 to 114 percent on
the three reliable scales, inplying a best estimate of 109 percent. The
Sintonen scale did not work well here, yielding an estimated utility loss of
only 49 percent because its nethod for conbining |osses does not allow a large
total loss unless the sensory, nental, and rotor systens all are severely
affected. Kaplan’s scale again worked poorly, while the physician’s judged
this fate alnost as bad as death. Both physician judgment (Carsten, 1986) and
interviews with quadriplegics who have adapted to their injuries (Torrance,
1988) indicate the utility loss may decrease over time, |eveling out at about
65 percent. Conplete quadriplegic reduces expected lifespan by 21.5 years
according to Hs et al, (1983). The estimated SCE for a conplete quadriplegic
injury is $2,600,000.
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Using the scales in Kind et al. (1982), Kaplan (1982), and Torrance
(1982), we estimate the utility loss for paraplegia (data colum 4) at 50 to
54 percent with inconplete paralysis and 62 to 65 percent with conplete paral -
ysis. Paraplegics surveyed by Torrance (1988) and the physicians in Carsten
(1986) estimated a slightly smaller loss, around 45 percent. The students
surveyed by Geen and Brown (1978) and the Sintonen (1981) scale (which did
not nodel paraplegia well) both gave estinmates around 29 percent, which are
probably too low. As with blindness, the utility loss in the Anerican Medica
Associ ation (1984) guides seenms nuch too high, 81 percent. Conplete
parapl egi a reduces expected |ifespan by 15.3 years according to Hs et al
(1983) . The best estimate of the utility loss is 50 to 65 percent, with an
SCE of $1, 300,000 to $1, 600, 000.

For ol der people, severe burns (data colum 5) are the worst possible
fate. They typically spend the rest of their lives bedridden with sufficient
pain that they cannot do sinple arithnetic. Using the utility scales in
Torrance (1982) and Kind et al. (1982), we estimate the utility loss at 137 to
139 percent. The physician ratings, which do not allow fates to be worse than
death, yield lower and less credible values. Severe burns shorten |ifespan,
perhaps by about 5 years. The SCE is about $3.6 mllion to prevent a person
in late mddle age from being severely burned.

A broken lower leg (data colum 6) typically causes no permanent
i npai rment according to data from the Consunmer Product Safety Commission’'s
injury cost nodel (which also provided the cost data for this injury) and the
physician ratings of inpairnent in Carsten (1986). Four of the five scales we
appl i ed suggest a broken leg will reduce utility by 30 to 36 percent in the
year it occurs, while Kaplan (1982) yields an excessive estinmate of 54
percent. The 34 percent estimate from Geen and Brown (1978) was conputed as
the loss for a broken armtines the ratio of |osses for anputation of a leg
and an arm Wth a one-year utility loss around 33 percent, the SCE for a
broken leg is about $40, 000.

As the last colum in Table 1 shows, our ratings with the Kind et al.
(1982), Torrance [1982), and Kaplan (1982) scal es suggest typical mnor
injuries reduce utility by 36 to 38 percent for a few days. These estimates
assume the number of |ost work days (counting weekends as if they were
wor kdays) equals one half of the inpairnment days for an enployed person who is
injured. The 36 to 38 percent range is consistent with survey estimtes of 30
percent for a bruise and 40 percent for a sprain in Geen and Brown (1978).

The Sintonen scale does not work well for mnor injuries, yielding a |ow
utility loss estimate of 15 percent, because mnor injuries only affect a few
aspects of functioning. Including the externality costs, the SCE for a mnor
inury is about $1,500.

Table 2 shows estimates of the utility |oss associated with selected
illnesses. The first two colums of data deal with mld and severe angina.
Hartuni an, Smart, and Thonpson (1981) provided the description of angina's
i npai rment inpacts that we used and the data on econom c costs.
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For mld angina, Pliskin, Shepard, and Winstein (1980) conducted a

smal | survey that indicated the utility loss was 12 percent, in the md-range
of the 10 to 15 percent loss estimate 'in the American Mdical Association

(1984) guides. Using the inpairnent scale in Kind et al. (1982), we estinated
the inmpairment at 0.7 to 16 percent. By assuming that mld angina reduced
physical and role function by half a level and also using half the pain score
(severe angina caused just one |level of reduction on each dinension), we
estimated a 16 percent utility loss fromthe scale in Torrance (1982). This
scale, however, did not differentiate inpairnent as finely as was desirable to
analyze a largely asynptonmatic condition. Using Kaplan's (1982) scale, we
estimated an 18 percent utility |oss

For severe angina, surveys by Myanoto and Eraker (1985) and Pliskin et
al. (1980) yielded utility loss estimates of 30 to 31 percent, conparable to
the estimate of 25 to 32 percent we made fromthe Kind et al. (1982), Torrance
(1982), and Kaplan (1982) scales. The |oss estimted by the American Medica
Association (1984) guides is slightly higher, 35 to 40 percent.

Uility losses of 12 percent for mld angina and 30 percent for severe
were used to conpute SCEs of $220,000 to prevent a mld case of angina for
soneone age 55 and $550,000 to prevent a severe case. These estimates seem
high, given the economc costs involved

The third and fourth colums of data give estimtes for food poisoning.
The estimtes were based on the illness descriptions and cost data in Roberts
(1985). They apply to cases of salnonella and canpyl obacter.

Based on Roberts’ description, we estimated half the severe cases
invol ve four days of severe disconfort and inability to | eave home. W
estimated the other half would last six days, with three days of severe
disconfort and confinement to a hospital bed and three days of severe discom
fort and an inability to |eave home or noderate disconfort and extrene
weakness. Finally, we assumed all severe cases involve four days with no
di sconfort, but somewhat reduced strength and resilience. The Kind et al.
(1982), Torrance (1982), and Kaplan (1982) utility scales provide consistent
estimates of utility loss: 39 to 45 percent over 10 days. During the first
three days, both scales indicate patients with severe cases will feel as if
they woul d rather be dead. The SCE estimate is $2,400 to $2,600 to prevent a
severe case of food poi soning.

To estimate the utility loss associated with a mld case, we made |ow
and high estinmates of inpact.

o Low estinmate. Assune 30 percent of the cases involve two days of severe
disconfort and inability to | eave hone and the renmaining 70 percent
involve just 1.5 days of mld disconfort that is not severe enough to
prevent the sufferer fromgoing to work. Under this assunption, the
average case involves a utility loss (on the Kind et al. (1982) or
Kapl an (1982) scales) of 24 to 25 percent for an average of 1.65 days,
with an SCE of $140 to $150. The Kaplan (1982) scal e suggests an
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unconfortably high 41 percent utility loss for this mld case, ascribing
an overly high 33 percent utility loss to mld disconfort that does not
prevent soneone from working

o High estimate. Assume 75 percent of the cases involve just 1.5 days of
mld disconfort, 25 percent involve two days of severe disconfort, and 5
percent are as severe as the reportable cases. Under this assunption,
the utility loss is 25 to 26 percent for an average of 2.1 days, with an
SCE of roughly $200.

The SCE per day of mld food poisoning is $85 to $95. By conparison
Berger et al. (1985) obtained a mean willingness to pay to avoid a day of
nausea of $91 from 18 respondents, while Gerking et al. (1986) obtained a nean
of $409 from five respondents. Gerking believes that his values, and possibly
even Berger’'s, may be higher than people actually are willing to pay.
Consistent with his belief, his values exceed the values derived from the
i npai rnment scal es, even though food poisoning probably is slightly worse than
just feeling nauseous.

The utility loss estimates for chronic bronchitis, given in the fifth
colum of data, were based on a description of the course of illness devel oped
for EPA by Viscusi et al. (1989) and were generated before Viscusi fielded his
wi | lingness-to-pay survey. Estimates we made using four scales suggest a
utility loss of 35 to 45 percent. The American Medical Association (1984)
gui des, again high, suggest at |least a 50 percent utility |loss. Viscusi et
al. (1989), based on a survey, estimated the utility loss at 32 percent, close
to the range we predicted. Data on externality costs were not readily
avai l able to conpute the SCE for chronic bronchitis.

The sixth colum provides estimates of the utility loss associated wth
a day in the hospital. The survey by Kaplan (1982) provides a range of
utility losses from4l to 60 percent for hospitalization, “depending on whether
the person can nove around and perform self care. Sackett and Torrance (1978)
obtained an estimate of a 40 to 44 percent utility loss for hospitalization
with a contagious disease. The utility loss estimates we made with the Kind
et al. (1982) and Torrance (1982) scales were between 55 and 65 percent,
possibly a bit high, while the 47 percent loss we estimated with the Sintonen
(1981) scale was on the mark. Adding the $550 average charge for a hospital
day in 1985 (fromthe Statistical Abstract, 1988) to a utility loss of 40 to
60 percent, the SCE per hospital day avoided is roughly $700 to $750.

The last colum in Table 2 provides estimates of the utility |oss
associated with receiving regular dialysis for end stage renal disease.
Sackett and Torrance (1978) found the |loss was viewed as 60 percent by the
general public and as 48 percent by those on dialysis. Again high, the
Armerican Medical Association (1984) guide estimated a 90 percent utility |oss.
Using the Kaplan (1982) scale, we estimated the | oss at 48 percent. Using the
Torrance (1982) scale, we assuned nmild physical linmtation; some limtation of
work, with half the patients largely unable to work; frequent anxiety, but an
average nunber of friends; a disfiguring dialysis shunt; and some disconfort.
These assunptions inply a 62 percent utility loss. Wthout anxiety, the |oss
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woul d be 50 percent. The Kind et al. (1982) scale was difficult to apply to
this inpairnent. It suggests a utility loss of 42 to 48 percent, depending on
whet her the distress level is assumed to be mld or noderate. The costs
associated with end stage renal disease derive from unpublished anal yses by
The Urban Institute, which also indicate that 10 percent of dialysis patients
die each year. Wth a 60 percent utility loss, the SCE is $1, 500,000 per case
prevent ed.

Table 3 presents estimates of the utility loss associated with
retardation, by severity. No direct survey data are available on this
condition. W included it because so many public health problens, anmong them
| ead poisoning, fetal alcohol syndrome, malnutrition, foodborne listeriosis,
and wor kpl ace chem cal exposures, can cause children to be retarded. In the
future, sonmeone is likely to estimate willingness to pay to avoid retardation,
and our estimates will be available for conparison; in the meantine, they may
be useful for policy analysis.

W estinmated a range of retardation levels, with a utility loss of about
20 percent associated with the need for special education, a severely limted
ability to work associated with a utility loss around 50 percent, need for
help in self care raising the utility loss to 55 to 60 percent, and very
severe retardation raising the |oss above 75 percent. The American Medica
Associ ation (1984) guides perfornmed well in evaluating retardation, agreeing
reasonably well with our ratings fromthe Torrance (1982) and Kaplan (1982)
scal es.

A Further Conparison

The inpairnent estinmates in the lineage fromH s et al. (1983) cover al
possible injuries in notor vehicle crashes. MIler, Brinkman, and Luchter
(1988) substitute the utility |osses for fates worse than death shown here for
the physician ratings, then apply the data to estinmate the utility |loss and
associated willingness to pay to avoid a typical injury. For each diagnosis,
they conpute the present value of future impairnent years at a 6 percent
di scount rate. They then estimate aggregate inpairment by nultiplying the
i npai rnment by diagnosis times data on 1982-1984 injury incidence derived from
a sanmple, conpiled by the National H ghway Traffic Safety Administration in
its National Accident Sanpling System The sanple includes all injuries in
roughly 30,000 crashes that were reported to the police. The aggregate
i mpai rment years next are nultiplied tinmes the $120,000 willingness to pay to
save a life year. An estinated average willingness to pay to avoid injury of
$12,800 results.

Insight into the quality of this $12,800 estimte, and of the inpairnent
estinmates, can be obtained froma conparison with estinmates of wllingness to
pay to avoid nonfatal injury in the workplace. Five estimates exist that
cover all reported injuries, as opposed to just |ost workday injuries. Al
five derive from hedonic regressions that examne pay differentials for risky
jobs. As Table 2 shows, four of the five estinates are between $10,500 and

$13,000, satisfyingly close to the estimate from physician ratings of
| npai rnent .
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The conparison between the willingness to pay to avoid nmotor vehicle and
workplace injuries inplicitly assumes that the distribution of injuries is
simlar in these two settings. That assunption is questionable, because back
injuries occur nore frequently in the workplace. A special analysis we ran of
National Council on Conpensation Insurance detailed clainms data shows back
injuries account for 30 percent of all on-the-job injuries that cause |ost
wor kdays, while Luchter (1986) indicates they account for only 5 percent of
more-than-mnor injuries in rotor vehicle crashes. Thus, the agreement in
wi | I'ingness-to-pay values provides only nolest confirmation of the utility
| oss estimates.

Concl usi on

Scales on the utility of functional inpairnent provide a quick,
i nexpensi ve, reasonably consistent, and theoretically supportable way to
estimate SCEs for preventing a w de range of diagnoses. Using these nethods
requires estimating the functional inpairnent and reduction in |ifespan
associated with the health status changes. The inpacts on transfer paynents
(including health insurance payments), administrative costs, and taxes on
earnings also must be estinated.

The available utility scales yield reasonably consistent values, but
t hese val ues occasional |y seem unreasonably high conpared to the economc
costs involved (witness nmld angina). Pre-planned research validating the

utility losses against wllingness-to-pay estimates would make it easier to
use the scales with confidence

Scales that do not allow the possibility of fates worse than death
shoul d not be used to evaluate severely disabling conditions. Torrance (1982)
probably is the nost reliable and flexible scale presently available, but
lacks utility loss estimates for sone aspects of functioning (for exanple,
| oss of reproductive capability, sustained pain) and very mld synptons. The
sinplistic approach taken by Green and Brown (1978) of asking people to score
relative severities of different diagnoses provided surprisingly reliable
results. The Anerican Medical Association (1982) guides to pernmanent inpair-

ment, which are based on physician judgnment, generally overestimate utility
| 0ss.



Table 1

Percentage Uility Loss and Cost Associated Wth Selected Injuries

Severe
Kind, Rosser, 15 108
& WIlians
Kapl an 39 71
Torrance 37* 116
rehabed patients
G een & Brown 34* 128*
Card 20%
Si nt onen 22-24 103
Carsten 33* 93- 100*
Am Med Assoc 85* 95*
Medi cal Cost DK 680, 000
Productivity Loss DK 400, 000
Legal , Adm n,
Tr ansf er DK 60, 000

@Average daily utility loss unti

* Direct neasurenent.

Severe
Burn
Quad Para (age 45+)
114 52- 65 137
66 50- 64
105 54-62 139
65* 45*
109* 29*
49 29
85-86* 42-45+ 9
99 81 95*

390, 000 235,000 450,000
210, 000 160,000 100,000
60, 000

35,000 60,000

Br oken
Lower M nor
Leg Injury@
31 38
54 36
34 37
30 30- 40*
15- 16
36
200 285
1, 350 280
DK DK

recovery, which occurs in less than 1 year.



Table 2

Percentage Wility Loss and Cost Associated Wth Selected Illnesses
Angi na Food Poi soni ng@ Chroni c Day in

St udy MIld Severe  Severe MId Bronchitis Hospital@ ESRD
Kind et al. .7-16  25-31 45 24-25 23-37 61- 62 42-48
Torrance 16 32 39 25- 26 34-45 55- 65 62
Kapl an 18 32 45 41 45 41- 60* 48
Si nt onen 30- 36 47
Sackett & Torrance 40- 44* 60*

patients 48*
M yarmpto & Eraker 30
Pliskin et al. 12* 31*
Viscusi et al. 32*
Am Med Assoc 10- 15* 35- 40* 50+ 90*
Medi cal Cost 2700 60 1000 DK 500 250, 000
Productivity Loss 50 30 300 DK 50 90, 000
Transfer & Admn 0 0 DK DK DK 10, 000

@ Average daily utility loss until recovery, which occurs in less than 1 year.
* Direct neasurenent.



Table 3
Uility Loss Associated wth Retardation

Condi tion Uil Loss Sour ce
Very severely retarded 83 Torrance
75+ Am Med Assoc
Retarded needing help with care 57 Kapl an
55 Torrance
55-75 Am Med Assoc
Mderately retarded with self-care 42-51 Kapl an
52 Torrance
25-50 Am Med Assoc
Mldly retarded 33 Kapl an
20- 32 Torrance
23 Si nt onen
10- 20 Am Med Assoc
Table 4

WIlingness to Pay to Avoid Non-fatal Wrkplace Injuries
(1985 After-tax Dollars)

St udy Val ue

Butler (1983) $10, 500

Di I i ngham (1983) $17, 000- $26, 000
O son (1981) $12, 000- $13, 000
Smith (1983) $11, 000

Viscusi (1978) $12, 000- $21, 000

Note: Values were converted to after-tax dollars using the method described in
MIller (1986).



NOTES

The societal budget constraint represents a synthesis of Lotka stable

popul ation growh dynamcs with the standard Sol ow steady-state growth
model . The equilibrium population growth rate is the solution to the

integral equation of stable population theory given by:

W
1= é e~ 9*p(x)m(x)dx (N. 1)

where m(x) is the female birth rate to wonen aged x years. The
equi librium capital-labor ratio is the solution to

k= sf(k) - gk (N.2)

where k is rate of change in k and s is savings per worker. The
conparative-static change in expected lifetime welfare (8W) resulting from
a change in nortality rates across different ages (8p(x)) is found by
taking the differential across equation (I):

w W
oW = g Ulc(x),x])8p(x)dx + é dU/3c(x) *&c dplp(x)dx. (N.3)

Under the assunptions of wutility maximzation and perfect capital markets
the life-cycle consunption pattern is given by:

W at (x) = 3U/3c(0)e~9% (N. 4)
so that

w w
W = é Ulc(x),x]8p(x)dx + 3U/3c(0) é e~F*8c( splp(x)dx (N. 5)

The two terms in equation (N.5) can be interpreted as the change in
expected lifetime welfare that cone from extra years and the val ue of
changes in the consunption pattern needed to acconodate the additiona
years of living. The change in consunption can be eval uated by taking
differentials across the societal budget constraint, vyielding



W w W
0 = [ e F*c(x)8p(x)dx + [ e FXsc[Splp(x)dx - (f(k)=gk) [ e~FXX(x)8p(x)dx
0 0

0
N
- 8k[8p](£'-g) [ e™IXA(x)p(x)dx - BSg[p] (N.6)
0
wher e
w w w
8 = é xe~FXc(x)p(x)dx - (f(k)-gk) OJ' xe~9XX\(x)p(x)dx - k é‘ e~9X\(x)p(x)dx.

Bis the life-cycle value of a marginal increase in the population growh
rate (Arthur and McNcoll, 1978). Following Arthur (1981) this term can
be expressed as:

B = (1/b) [&(Ac-Ar)-kn] (N.7)

where b is the crude birth rate in the stable population T is per capita
consunption, Ae and Ap are the average ages of consunption and production
respectively, and n is the labor/population ratio. Using equation (N.6)
to substitute for the second termin equation (N.5) results in the
expression for the change in lifetine welfare given by equation (3) in the
text.
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ABSTRACT

Thi s paper presents a unique application of the household production
approach to valuing public goods and nonnarket commodities. Technica
rel ati onships are estimted between health attributes, private goods that
affect health, and air quality using panel data drawn froma specia
survey. Statistical tests show that individuals equate marginal rates of
techni cal substitution in household production with relevant price ratios.
This result confirnms theoretical inplications in a particularly critica
context for estimating values of health attributes and air pollution.
Val ue estinmates obtained al so bear on current questions facing

environmental policymakers.



. Introduction

Individuals frequently apply a household technology to combine public
and private goods in the production of nonmarket commodities for fina
consunpt i on. Hori (1975) denonstrates that in these situations, market
prices of private goods together with production function paranmeters my
encode enough information to value both public goods used as inputs and
nonmarket final consunption conmodities. Al'though this valuation
met hodol ogy is objective and market based, it seldom has been applied for
three reasons. First, underlying technical relations either are unknown or
data needed to estimate them are unavailable. Second, even if relevant
technical information is at hand, the consumer’s budget surface in
comodi ty space may not be differentiable when joint production and ot her
conplicating factors are present. As a consequence, the conmodity bundl e
chosen is consistent with any number of marginal rates of substitution and
sought after values of public goods and nonnarket commodities remain
unknown.  Third, joint production and nonconstant returns to scale also
pose serious difficulties when taking the closely related val uation
approach’ of estimating the area behind demand curves for private goods
inputs and final consunption comodities Pollak and Wachter 1975;
Bockstael and MConnel| 1983).

This paper presents a unique application of the househol d production
approach to val uing public goods and nonmarket conmodities which allows for
certain types of joint production and addresses key problens identified by
previous authors. Technical relationships are estimted between health
attributes, private goods, and air quality. Data used in the analysis are
drawn from a special survey designed to inplement the household production

approach. Econonetric estimtes allow for truncated dependent variables in



panel data using tobit models with individual-specific variance conponents
Key results are: (1) attenpts to value detailed attributes of nonnarket
home produced commodities nmay be ill-advised; however, estimating a comon
value for a broadly defined category of attributes may be possible, and (2)
statistical tests show that individuals equate marginal rates of technica
substitution in household production with relevant price ratios. This
latter result confirns behavioral inplications of the theory in a
particularly critical context for estimating values of nonmarket
commodities and public goods. Also, value estinates obtained bear on
current questions concerning air pollution control policy. The Cean Ar
Act of 1970 and its subsequent amendments focus exclusively on health to
justify regulation and requires air quality standards to protect even the
health of those nost sensitive to pollution. The survey data are
sufficiently rich to allow separate value estimates for persons wth normal
respiratory function and persons with chronic respiratory inpairnents

The remainder of this paper is divided into four sections. Section |
describes a sinple household production nodel in a health context and
reviews theoretical issues in obtaining value estimates. Section Il
di scusses the survey instrument and the data coll ected. Section |V
presents econonetric estimates of production functions for health
attributes, as well as values of better air quality and inproved health for
both the normal and respiratory inpaired subsanples. |Inplications and

conclusions are drawn out in Section V.

[, PRELI M NARI ES
The nodel specifies utility (U as a function of market goods (Z) and

health attributes, called synptons, (9



U= Uz 9 (1)
For sinplicity, Zis treated as a single conposite good, but S denotes a
vector neasuring intensity of n health synptons such as shortness of
breath, throat irritation, sinus pain, headache, or cough. Intensity of

the it

B symptom is reduced using a vector (V) of madditional private goods
that do not yield direct utility, a vector of ambient air pollution
concentrations (a), and an endownent of health capital (Q).

Si = Si(v, a, Q) =1, . . .,n (2)
El ements of V represent goods an individual mght purchase to reduce
intensity of particular synptons, and 9 represents genetic predisposition
to experience synptons or presence of chronic health conditions that cause
synptoms.  Notice that equation (2) allows for joint production in that
some or all elements of V may (but do not necessarily) enter sone or al

1

synmpt om production functions. The budget constraint is

1= B2% 4 F575's (3)

wher e Pz denotes the price of Z Pj denotes the price of Vj' and | denotes
I ncome

Aspects of this general approach to nodeling health decisions have
been used in the health economcs literature (e.g., Gossman 1972;
Rosenzwei g and Schultz 1982, 1983), where nedical care is an exanple of V
often considered. In these three papers, however, the stock of health
rather than synptons is treated as the hone produced good, and G ossnan
treats decision making intertenporally in order to analyze changes in the
health stock over tinme. A multiperiod framework would permt a nore
conplete description of air pollution"s cunulative physiological damage

but the present nodel’s focus on synptonms of short duration, suggests that

a one period nodel is appropriate. Moreover, long term panel data



containing both economic and health infornmation necessary to assess
curmul ative physiol ogi cal damage are difficult to obtain.

Simlar nodels also have been used in environnental economcs to
derive theoretically correct nethods for estimating values of air quality
and other environnental attributes (e.g., Courant and Porter 1981; Harford
1984; Harrington and Portney 1987) = These nodels, however, only consider
the case in which m=n =1 and rule out the possibility of joint
production. In this situation, the marginal value of or wllingness to pay
(WIP) for a reduction in air pollution can be derived by setting dU = O and
using first order conditions to obtain

WTP, = - USL/A = - B sl/s] (4)
wher e U1 denotes marginal disutility of the synptom S; denotes the
margi nal effect of air pollution on synptom intensity, si denotes the
margi nal product of ¥, in reducing synptomintensity, and A denotes
marginal utility of income. As shown, nmarginal willingness to pay to
reduce synptom intensity (- Ul/;) equal s the nmarginal cost of doing so
(- B, /s]).

Extensions to situations where mand n take on arbitrary val ues have
been considered in the theory of nulti-ware production by Frisch (1965) as
well as in a public finance context by Hori (1975). Actually, Hori treats
four types of househol d production technology. H's case (3) involving
joint production appears to best characterize the application discussed in
Section |V because a single %. may sinultaneously reduce nore than one
synpt om In this situation, a key result is that marginal values of
synptom intensity (- U /) cannot be re-expressed in terns of narket prices
(Pj) and production function paraneters (S;) unl ess the nunber of private

goods is at least as great as the nunber of synptonms (m > n). [ntuitively,



if m< n, the individual does not have a choice anong some alternative
conbi nations of synptomintensities because there are too few choice

y and the budget surfaces on which each chosen value of gl pyst
2

vari abl es (Vj
lie is not differentiable.
Anot her perspective on this result can be obtained fromthe mfirst

order equations for the vj shown in (5)

[ 1 nl [ ] [ ]
S; + .. S Uy /A P,
- = - (5)
st .. .s® UL/ P
Lm m L _mJ

Each first order condition holds as an equality provided each private good

is purchased in positive quantities. If m < nthe rank of the synptom

i
J

underdeterm ned, intensity of one synptom cannot be varied hol ding others

technology matrix S= {Sy} is at nost m the systemof equations in (5) is
constant, and the marginal value of an individual synptom cannot be
determined. On the other hand, if m= n and the synptomtechnol ogy matrix
is nonsingular, then the rank is n and unique solutions can be conputed for
the Ui/l. If m> n and the technology matrix has full rank, then the
systemis overdeternned, and values for the U, /A can be conputed froma
subset of the first order equations.

Solving (5) conputes marginal values for the nonmarket commodities
produced by the individual. The value of the public good input, a, is the

wei ghted sum of the value of the commodities, where the weights are the

marginal products of @ in reducing synptoms: WIP = - Zi(Ui/k)sia. If the



mar gi nal products of a are known or estimated, solving (5) provides the
i nformation necessary to value nonmarket commodities and public goods

This theoretical overview yields several ideas useful in enpirical
application. First, if m> n and the househol d technol ogy matrix has rank
n, then val ues of nonnarket commodities and public goods are calculated in
a relatively straightforward manner because utility terns can be
el i m nat ed. Second, even in cases where m > n, the household production
approach may fail if there is linear dependence anong the rows of the
technol ogy matrix. Thus, statistical tests of the rank of the matrix
should be performed to ensure differentiability of the budget surface.

Third, if m>n, first order conditions inpose constraints on val ues that
S;';
Fourth, the possibility that m< n suggests that the househol d production

can be taken by the validity of these constraints can be tested
approach nmay be incapable of estimating separate values for a conparatively
| arge nunber of detailed conmodities and that aggregation of comodities
may be necessary to ensure m > n.3

; and Rjneed not yield positive val ues
for -Ui/x, the marginal willingness to pay to reduce intensity of the 1th

Fifth, if m>n, values of §

synptom  OF course, in the sinple case where m=n = 1, the only
requirement is that -Pllsi >0. If m=n =2, a case considered in the
enpirical work presented in Section IV, values of -U;/a and -U,/A both will
be positive only if (Silsé) 2 (P1/P2) 2 (sf/s%). If v, and v, are not
chosen such that their marginal rates of technical substitution bracket
their price ratio, then it is possible to reduce intensity of one synptom

Wi thout increasing intensity of the other and w thout spending nore on

synpt om reducti on.



Sixth, conplications arise in expressing synptom and air pollution
values in situations where sonme or all of the v, are sources of direct
utility, a formof joint production. This problemis inportant (and it is
encountered in the enpirical work presented in Section IV) because of the
difficulty in identifying private goods that are purchased but do not enter
the utility function. To illustrate, assune that m= 2, n = 1 and that v,
but not v, Is a source of both direct positive utility and synptom relief
WIP_ still would equal -(Plsilsi) and therefore coul d be cal cul ated wit hout
knowi ng values for marginal utility terms. |f consunption of V,, however
was used as a basis for this calculation, the sinple fornula -(stilsé)
woul d overestimte WTPG by an amount equal to —(Uzsi/ASé) wher e u, denot es
marginal utility of v, u, > 0). Wen mand n take arbitrary val ues, the
situation is nmore conplex, but in general nonmarket conmodity and public
good values can be determned only if the number of private goods which do
not enter the utility function is at l|least as great as the nunber of fina
commodities. Even if this condition is not net, however, it is possible in
some cases to determ ne whether the value of nonmarket conmodities and

public goods is over- or underestinated.4

[11. DATA

Data used to inplement the household production approach were obtained
froma sanple of 226 residents of two Los Angel es area conmmunities. Each
respondent previously had participated in a study of chronic obstructive
respiratory disease (Detels et al. 1979, 1981). Key aspects of this sanple
are. (1) persons wth physician diagnosed chronic respiratory ailments
del i berately are overrepresented (76 respondents suffered from such

di seases), (2) 50 additional respondents wth self-reported chronic



cough or chronic shortness of breath are included, (3) 151 respondents
lived in @endora, a community with high oxidant air pollution, and 75
respondents lived in Burbank, a community with oxidant pollution |evels
more |ike other urbanized areas in the U S. but with high levels of carbon
monoxi de, (4) all respondents either were nonsmokers or former snokers who
had not snmoked in at |east two years, and (5) all respondents were
househol d heads with full-time jobs (defined as at |east 1,600 hours of
wor k annual 1'y).

Professionally trained interviewers contacted respondents severa
times over a 17 nonth period beginning in July 1985. The first contact
i nvol ved administration of an extensive baseline questionnaire in the
respondent’s hone. Subsequent interviews were conducted by telephone.S
I ncluding the baseline interview, the nunber of contacts with each
respondent varied fromthree to six with an average number of contacts per
respondent of just over five. O the 1147 total contacts (¥ 226 x 5), 644
were with respiratory inpaired subjects (i.e., those either with
physi ci an-di agnosed or self-reported chronic respiratory ailnents) and 503
were with respondents having normal respiratory function

Initial baseline interviews measured four groups of variables: (1)
long term health status, (2) recently experienced health synptons, (3) use
of private goods and activities that m ght reduce symptomintensity, and
(4)  soci oeconom ¢/ denographic and work environment characteristics.
Tel ephone fol lowup interviews inquired further about health symptons and
use of particular private goods. Long termhealth status was nmeasured in
two ways. First, respondents indicated whether a physician ever had
di agnosed asthma (ASTHWA), chronic bronchitis (BRONCH), or other chronic

respiratory disease such as enphysema, tuberculosis, or lung cancer



(OTHDIS).  Second, they stated whether they experience chronic shortness of
breath or wheezing (SHRTWHZ) and/or regularly cough up phl egm sputum or
mucous (FLEMCO). Respondents al so indicated whether they suffer from hay
fever (HAYFEV); however, this condition was not treated as indicative of a
chronic respiratory inpairment.

Both background and followup instrunents also asked which, if any, of
26 health synptonms were experienced in the two days prior to the interview
Synptoms initially were aggregated into two categories defined as: (1)
chest and throat synptoms and (2) all other synptorrs.6 Aggregation to two
categories reduces the nunber of househol d produced final goods (n)
consi dered; however, assigning particular synptons to these categories
admttedly is sonewhat arbitrary. Yet, the classification scheme selected
permts focus on a group of synptons in which there is current policy
interest. Chest and throat synptons identified have been linked to anbient
ozone exposure (see Cerking et al. 1984, for a survey of the evidence) and
federal standards for this air pollutant currently are under review
Moreover, multivariate tobit turns out to be a natural estimation nethod
and aggregating synptons into two categories permts a reduction in
conputation burden. Dickie et al. (1987(a)) report that respondents wth
chronic respiratory inpairments experienced each of the 26 individual
symptons nore often than respondents with normal respiratory function.
This outcone is reflected in Table 1 which tabul ates frequency
distributions of the total number of chest and throat and other synptons
reported by respondents in the two subsanples.7

In the enpirical work reported in Section IV, data on the nunmber of
symptons reported are assuned to be built up from unobserved | atent

variables measuring synptom intensity. As intensity of a particular



synmptom such as cough rises above a threshold, the individual reports
havi ng experienced it; otherwi se he does not. Thus, the frequency
distribution tabulated in Table 1 nerely reflects the nunmber of synptons
that crossed the intensity threshold in the two days prior to the
interview

Private goods which indicated steps taken in the past that m ght
reduce synptons over a period of years, neasured whether the respondent has
and uses: (1) central air conditioning in the home (ACCEN), (2) an air
purifying systemin the home, (3) air conditioning in the autonobile
(ACCAR), and (4) a fuel other than natural gas for cooking (NOTGASCK) .8
These vari abl es represent goods that may provide direct sources of utility
to respondents. Air conditioners, for exanple, not only may provide relief
from mnor health synptoms; but also provide cooling services that yield
direct satisfaction. This problemis discussed further in Section V.

Soci oeconom ¢/ denmogr aphi ¢ vari abl es nmeasured whether the respondent
lived in Burbank or Gendora (BURB) as well as years of age (AGE), gender,
race (white or nonwhite), marital status, and househol d income. Al so,
respondents were asked whether they were exposed to toxic fumes or dust
while at work (EXPWORK).

Finally, each contact with a respondent was natched to measures of
ambient air pollution concentrations, humdity, and tenperature for that
day. Ar nonitoring stations used are those nearest to residences of
respondents in each of the two comunities. Measures were obtained of the
six criteria pollutants for which national anmbient air quality standards
have been established: carbon monoxide (CO, nitrogen dioxide (NXQ2), ozone
(03), sulfur dioxide (S02), lead and total suspended particul ate.

Readings for |ead and particul ate, however, only were avail able for about

10
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ten percent of the days during the study period, forcing exclusion of those
pol lutants fromenpirical work. Each of the renmaining four pollutants were
measured as maxi mum daily one-hour anbi ent concentrations. Maxim are used
because epi deni ol ogi cal and medi cal evi dence suggests that acute synptomns
may be nore closely related to peak than to average pollution
concentrations. The air pollution variables entered then, are averages of
one hour maxima on the two days prior to the interview so as to conform
Wththenmmmemmtofsymnmm.g Tenperature and relative hunidity data

simlarly were averaged across two day periods.

V. ESTIMATES OF HOUSEHOLD SYMPTOM TECHNOLOGY

This section reports estinmates of production functions for chest and
throat and other synptoms. Enpirical estimtes of househol d production
technology in a health context al so have been obtained by Rosenzweig and
Schultz (1983); however, these investigators consider deternminants of birth
wei ght rather than health synptons and do not focus on val ui ng nonnar ket

10

commodities and public goods. The synptom production functions reported

bel ow are estinmated in a bivariate tobit framework with variance
conponent s. 1 Bivariate tobit estimation was perforned because of the
probabl e correlation between disturbances across equations. Gven that
symptons often appear in clusters, individuals reporting synptoms in one
category may also report themin the other. Also, as noted in the
discussion of Table 1, the nodal nunber of synptons reported was zero.

Random di st urbances follow an error conponents pattern, consisting of
the sum of a permanent and a transitory component.

€ i =R, N (6)

iht = "n ¥ Vine
where i denotes type of synptom (chest and throat, other), h denotes
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respondent, and t denotes tinme. The transitory error conponent, Uine?
captures unmeasured effects that vary over individuals, synptons, or tinmne.
The permanent error conponent u,, in contrast, varies only over
individuals; for a given individual it is constant over tinme and common to
production functions for both types of synptons. The permanent error
component serves two purposes in the nodel. First, it captures persistent
unneasured but individual specific factors that influence synptons,

i ncludi ng unnmeasured el ements of @ and/or the threshold at which synptons

are reported. Hence, exerts an independent influence by allow ng

*h
individuals with identical measured characteristics to have different
nunbers of synptomns. Second, a given individual’s permanent error
conponent captures contenporaneous correlation between the two synptom
cl asses.

The W, are assunmed to be independent drawi ngs from identica
distributions. Mundlak (1978) and others have argued that the w, are
likely to be correlated with values of the explanatory variables, and the
error conponents. For example, if an individual knows his own Hp s t hen
utility maxim zation would inply that his choice of private goods depends
on u.. A possi ble solution would be to replace the random effects with
fixed effects in which the u, are assumed to be constants that vary across
i ndi viduals. Mindl ak notes, however, that the fixed effects nodel suffers
froma serious defect if uy is correlated with some or all covariates: It
is inpossible to distinguish between the effects of time invariant
covariates and the fixed effects. This defect of the fixed effects node
is troubl esome, because all covariates except the air pollution neasures
are time invariant. Since the valuation procedure of Section 2 requires

di stingui shing marginal products of private goods from the individual’s



predisposition to illness, the fixed effects nodel was rejected in favor of

random effects.
Both transitory and permanent error conponents are assumed nornally

distributed with E(u) = o0, E(uﬁ) -0

2 2
Vihe) the) = 9y and EQug oo

t #t°. The permanent error conponent is distributed independently of the

”
;, and E(uhuﬁ) = 0 for h # h”;
v

E( = 0, E(u .) =0 for i # 1" or h # h” or

transitory error conponent, so the distribution of the summed error

H H A P4 P4
conponents is normal with E(siht) = 0, E(eiht) =0, + ., and

2_______/
ECeineSine-) = 9 = E(CppeSyne) -
G ven My and the distributional assunptions about the error

hth

conponents, the likelihood for the i ndividual is the product of

i ndependent tobit likelihoods: one tobit for each synptom class in each
th

time period. The conditional |ikelihood for the h " individual is

L) = 7 £ ) 7 Rl lw v £y fw o Feglw @
Sge>0 Sge™0 Sne”? Sne=0

where £(+) is the nornal density and F(+) is the nornmal distribution.
Condi tioning was renoved by integrating over u. |In order to address the
probl em of an unequal number of interviews per respondent, |og-Iikelihood
values first were conmputed for each respondent, and then sumred to obtain
totals.12

Tables 2 and 3 present illustrative synptom production function
estimates for the inpaired and nornmal subsanmples. Equations presented are
representative of a sonewhat broader range of alternative specifications
that are available fromthe authors on request. Aternative specifications
included attenpts to correct for simultaneity between synptoms and private

goods. Bartik (1988) calls attention to this problemin a related context

and Rosenzwei g and Schultz treat it in their previously cited birthweight

13
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study. Procedures devised for the present study are anal ogous to two-stage
| east squares. In the first stage, reduced form probit demand equations
for each of four private goods (ACHOVE, ACCAR, APHOME, NOTGASCK)13 wer e
estimated. In the second stage, predicted probabilities fromthe reduced
formprobits were to be used as instrunents for private goods in the tobit
synpt om production function nodels. However, explanatory power of the
reduced form probit equations was very poor. In half of the equations for
each subsanple the null hypothesis that all slope coefficients jointly are
zero could not be rejected at the 5 percent level and in all equations key
variabl es such as household inconme had insignificant and often wongly
signed coefficients. Another problemis the absence of private good price
data specific to each respondent. The original survey materials requested
these data but after pretesting, this series of questions was dropped
because many respondents often nade purchases jointly with a house or car
and were unable to provide even an approximate answer. As a consequence,
si mul taneous equation estimation was not pursued further with the likely
outcone that estimates of wllingness to pay for nonmarket conmmodities and
public goods may have a downward bi as. 14
In any case, one result of interest fromthe bivariate tobit estinmates
in Tables 2 and 3 is the outcome of testing the null hypothesis that
estimated synptom production paraneters jointly are zero. In the four
equations reported, a likelihood ratio test rejects this hypothesis at
significance levels less than 1 percent. Also, estimates of the. individua
specific error conponents, denoted s have |arge asynptotic t-statistics

whi ch confirms persistence of unobserved personal characteristics that

af fect synptons.
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Table 2 shows that chronic health ailnments and hay fever are
positively related to synptom occurrence anong nenbers of the inpaired
group. Coefficients of ASTHVA, BRONCH, SHRTWHZ, and HAYFEV are positive in
equations for both chest and throat and other synptons and have associ ated
asynptotic t-statistics that range from 2.1 to 7.6. The coefficient of
FLEMCO is positive and significantly different fromzero at conventional
levels in the chest and throat equation, but its asynptotic t-statistic is
|l ess than unity in the equation for other synptoms. The coefficient of AGE
was not significantly different fromzero in either equation and the
EXPWORK vari abl e was excluded because of convergence problems with the

bivariate tobit algorithm 15

Variabl es measuring gender, race, and narital
status never were included in the anal ysis because 92 percent of the

I npaired respondents were male, 100 percent were white, and 90 percent were
married. Residents of Burbank experience chest and throat synptoms with

| ess frequency than do residents of dendora. O course, many possible
factors could explain this outcone; however, Burbank has had a |ess severe
l ong term anbi ent ozone pollution problemthan G endora. For exanple, in
1986 average one day hourly maxi num ozone readings in Burbank and QG endora
were 8.7 pphm and 10.2 pphm respectively.

Wth respect to private and public inputs to the synptom production
functions, the coefficient of ACCAR is negative and significantly different
fromzero at the 10 percent level using a one tail test in the other
synptons equation, while the coefficient of ACCEN is negative and
significantly different fromzero at the 5 percent l[evel using a one tail
test in both equations. Results from estinated equations not presented

reveal that NOTGASCK and use of air purification at honme never are

significant determinants of synptons in the inpaired subsanple. A so, 03,



CO and N2 exert insignificant influences on occurrence of both types of
synptoms.  Wien four air pollution variables were entered, collinearity
between them appeared to prevent the maxi num |ikelihood algorithm from
convergi ng. Consequently, SO2 was arbitrarily excluded fromthe
specification presented and the three air pollution nmeasures included as
covariates should be interpreted as broader indices of ambient pollutant
concentrations. Variables neasuring tenperature and hum dity were excl uded
fromthe Table 2 specification; but in equations not reported their
coefficients never were significantly different from zero

Table 3 presents corresponding synptom production estimates for the
subsanple with normal respiratory function. HAYFEV is the only health
status variable entered because ASTHVA, BRONCH, SHRTWZ, and FLEMCO were
used to define the inpaired subsanple. Coefficients of HAYFEV are positive
in equations for both chest and throat and other synptonms and have
t-statistics of 1.61 and 1.87, respectively. Coefficients of BURB are
negative; but in contrast to inpaired subsanple results, they are not
significantly different fromzero at conventional |evels. AGE and EXPWORK
enter positively and their coefficients differ significantly fromzero at
2% percent in the other synptons equation. Among private goods entering
the production functions, coefficients of APHOVE and ACHOME never were
significantly different fromzero at conventional |evels, and these
vari abl es are excluded fromthe specification in Table 3. Use of air
conditioning in an autonobile reduced chest and throat synptom occurrences
and cooking with a fuel other than natural gas (marginally) reduces other
synptons. Variables neasuring gender, race, and marital status again were
not considered as the normal subsanple was 94 percent nale, 99 percent

white, and 88 percent married. In the normal subsanple, collinearity and

16



al gorithm convergence problems again limted the nunber of air pollution
variables that could be entered in the same equation. As shown in Table 3,
when @3, CO and NO2, coefficients had associated t-statistics of 1.16 or
smal ler. Tenperature and humdity variables are excluded from the
specification shown in Table 3. In alternative specifications not
reported, coefficients of these variables never were significantly
different from zero in alternative equations not reported

Three pieces of information are required to use the estimates in
Tables 2 and 3 in the calculation of values for nonmarket commodities (the
two types of synptons) and public goods (air pollutants): (1) margina
effects of air pollutants on synptons, (2) marginal effects of private
goods on synptons, and (3) prices of private goods. Marginal products were
defined as the effect of a small change in a good on the expected number of
synptonms.  Conputational formlae were devel oped extending results for the
tobit nodel (see McDonald and Mdffit 1980) to the present context which
allows for variance conmponents error structure. However, because private
goods are neasured as dummy vari abl es and, therefore, cannot be
continuously varied, increnental, rather than marginal, products are used

The final elenents needed to conpute value estimates are the prices of
private goods. Dealers of these goods in the Burbank and G endora areas
were contacted for estimates of initial investnent required to purchase the
goods, average length of life, scrap value (if any), and fuel expense.
After deducting the present scrap value fromthe initial investnent, the
net initial investnent was anortized over the expected |ength of years of
[ife. Adding annual fuel expense yields an estinmate (or range of
estimates) of annual user cost of the private good. The annual costs then

16

were converted to two-day costs to match the survey data. The dependent

17
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variables used in the estinmated equations do not distinguish between one-
and two-day occurrences of synptons, but approxi mately one-half of the
occurrences were reported as two day occurrences. As a consequence, the
value estimates obtained were divided by 1.5 to convert to daily val ues.

Two tests were performed prior to estimating values of synptom and air
pollution reduction. First, calculations were made for both normal and
i npai red subsanples to ensure that relevant ratios of incremental products
of private goods in reducing synptons bracketed the corresponding price
ratio. Recall fromthe discussion in Section 2 that this condition
guarantees that value estimates for reducing both types of synptons are
positive. A problemin naking this calculation is that estimtes of
increnental rates of technical substitution vary across individuals
(incremental products are functions of individual characteristics), but no
respondent specific price information is available. As just indicated,
dealers in Gendora provided the basis for a plausible range of prices to
be constructed for each good. If mdpoints of relevant price ranges are
used together with incremental rates of technical substitution taken from
Tables 2 and 3, the bracketing condition is met for all 100 respondents in
the normal subsanple and 117 of 126 respondents in the inpaired subsanple.
O course, alternative price ratios selected fromthis range neet the
bracketing condition for different nunbers of respondents

Second, possible singularity of the synptom technology matrix was
anal yzed using a Wald test (see Judge et al. 1985, p. 215 for details).17
In the context of estimates in Tables 2 and 3, the distribution of the test
statistic (A) is difficult to evaluate because relevant derivatives are
functions of covariate values and specific to individual respondents

However, if derivatives are evaluated in terns of the underlying |atent



variabl e model, they can be expressed in terns of only parameters and X is

di stributed as XZ

with 1 degree of freedom Adopting this sinpler
approach, p-values for the WAl d test statistic are large: p = .742 for the
i npai red subsanple equations and p = .610 for the nornmal subsanple
equat i ons. 18 As a consequence, the null hypothesis of singularity of the
synmptom technology matrix is not rejected at conventional levels. This
result suggests that in both subsanples, there does not appear to be an

i ndependent technol ogy for reducing the two types of synptoms, budget
constraints are nondifferentiable, and separate value estimtes for
chest and throat and ocher synptoms should not be cal cul at ed.

A common value for reducing chest and throat and other synptoms stil
can be obtained by aggregating the two categories and re-estinmating
production functions in a univariate tobit framework. Table 4 shows
results based on using the same covariates as those reported in Tables 2
and 3 and retaining the variance conponents error structure. The Table 4
equations also make use of a constraint requiring that if m>n = 1, values
of marginal willingness to pay to avoid a synptom nust be identical no
matter which private good is used as the basis for the calculation. In the
case where m= 2 and n = 1, as discussed in Section Il, this single value
is -UI/A = -(Pllsi) = -(PZIS;). In the inpaired subsanple, the restriction

can be tested under the null hypothesis, Hy : 8

(

ACCAR

PACCAR/PACHOME)BACHOME’ where the Bi are coefficients of ACCAR and ACHQOVE

in the latent nodel and the P; are mdpoints fromthe estimted range of

two day prices for the private goods. In corresponding notation, the nul
, , . .

hypothesis to test in the normal subsanple is, 0 ¢ BACCAR

(PACCAR/PNOTGASCK)BNOTGASCK' Both hypotheses are tested against the
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alternative that coefficients of private goods are unconstrained
paraneters.

P-val ues for the parameter restrictions are conparatively large; P =
.623 in the inpaired subsanple and P = .562 in the nornmal subsanple. Thus,
the above null hypotheses are not rejected at conventional significance
| evel s. Respondents appear to equate marginal rates of technica
substitution in production with relevant price ratios; a result that
supports a critical inplication of the previously presented household
production nmodel. Mreover, coefficients of private good variables defined
under the null hypotheses for the two subsanples have t-statistics
exceeding two in absolute value. Performance of remaining variables is
roughly conparable to the bivariate tobit estinmates. A notable exception,
however, is that in the normal subsanple univariate tobit estimates,
coefficients of O3 and NO2 are positive with t-statistics exceeding 1.6.
This outcone suggests that persons with nornmal respiratory function tend to
experience nore synptons when air pollution levels are high, whereas those
with inpaired respiratory function experience synptoms with such regularity
that there is no clear relationship to fluctuations in air quality.
Intensity of particular synptonms may be greater in both subsanpl es when
pol lution levels are high, but this aspect is not directly neasured.

Table 5 presents estimates of marginal willingness to pay to avoid
synptons to reduce two air pollutants. Unconditional values of relieving
synptons and reducing air pollution are calculated for each respondent from
observed univariate tobit nmodels. Table 5 reports the nean, median, and
range of respondents’ marginal willingness to pay to elimnate one health
synmptom for one day as well as nean nmarginal wllingness to pay to reduce

air pollutants by one unit for one day for the nornmal subsanple. Synptom



reduction values range from $0.81 to $1.90 in the inpaired subsanple and

from$0.49 to $1.22 in the nornal subsanple with neans of $1.12 and $0.73

9

in the two subsanpl es, respectively.1 Al'so, values of wllingness to pay

to reduce one hour daily maximum | evels of G and N2 by one part per
mllion are $0.31 and $0.91 in the nornal subsanple. Corresponding
calculations are not reported for the inpaired subsanple because, as shown
in Table 4, coefficients of air pollution variables are not significant at

conventional |evels.

V. CONCLUSION

WIlingness to pay values of synptom reduction and air quality
I nprovenment just presented should be viewed as illustrative approxinations
for two reasons. First, private goods used in computing the estinmates are
likely to be direct sources of utility. Second, synptom experience and
private good purchase decisions are likely to be jointly determ ned.
Neverthel ess, these estimates still are of interest because aspects of
joint production are taken into account. A key finding is that independent
technol ogi es for home producing synptons are difficult to identify, thus
greatly limting the nunmber of individual synptoms for which values can be
conputed. In fact, the 26 synptons anal yzed here had to be aggregated into
a single group before willingness to pay values could be conputed.

This outcone appears to have inplications for estimating wllingness
to pay for nonmarket commodities in other contexts. An obvious exanple
concerns previous estimates of wllingness to pay to avoid health synptons.
Berger et al. (1987) report one day wllingness to pay values for
elimnating each of seven mnor health synptons, such as stuffed up

si nuses, cough, headache and heavy drowsiness that range from $27 per day

21
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to $142 per day. Geen et al. (1978) present estimates of wllingness to
pay to avoid simlarly defined synptons ranging from $26 per day to $79 per
day. In both studies, however, wllingness to pay estinates were obtained
synptom by symptom in a contingent valuation framework that ignores whether
i ndependent technol ogies are available to produce each. Thus, respondents
sinply may have lunped total wllingness to pay for broader health concerns
onto particular synptoms. Sone respondents nay also have inadvertently
stated their willingness to pay to avoid synptons for periods |onger than
one day.

Anot her exanple relates to energing research ained at splitting
willingness to pay to reduce air pollution into health, visibility, and
possi bly other conponents. Froma policy standpoint, this line of inquiry
is inmportant because the Clean Air Act and its subsequent anmendments focus
exclusively on health and give little weight to other reasons why people
may want |lower air pollution [evels. Analyzing |location choice within
metropolitan areas, for exanple, may not provide enough information to
deconpose total willingness to pay into desired conponents. |nstead,
survey procedures must be designed in which respondents are either rem nded
of independent technologies that can be used to home produce air pollution
rel ated goods or else confronted with believable hypothetical situations

that allow one good to vary while others are held constant.
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ENDNOTES

Anot her, possibly troubl esome, aspect of joint production occurs if
some or all elements of V are argunents in the utility function. This
conplication is discussed nmonmentarily.

Hori identifies three sources of nondifferentiability of the budget
surface under joint production. The first occurs if the nunber of
private goods is |ess than the nunmber of conmodities. The second
ari ses because of nonnegativity restrictions on the private goods.
This is not treated directly in the present paper, but if each private
good is purchased in positive quantities, the chosen comrodity bundle
will not lie at the second type of kink. Hori's third cause of
nondifferentiability inplies |inear dependence anong the rows of the
t echnol ogy matri x.

Notice that this point on aggregation may apply to other valuation
met hods as well. Using contingent valuation surveys, for exanple,
Geen et al. (1978) and Berger et al. (1987) obtained value estinmates
of several specific synptons; however, issues relating to existence of
i ndependent synptom technol ogi es never was faced. Future contingent
val uation surveys may do well to consider this point prior to
eliciting estimates of wllingness to pay.

For exanple, suppose m= n = 2 and both private goods are direct
sources of utility. If equation (6) is used to solve for the Ui/x,
then: (1) if the two marginal rates of technical substitution (NMRTS)

do not bracket the price ratio, then the value of the commodity whose
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MRTS is closer in magnitude to the price ratio will be overestimated
whil e the value of the other commodity will be underestinmated; (2) if
the two MRTS values do bracket the price ratio, then the val ue of
either one or both of the coomodities will be overestimated; and (3)
in no case will the value of both conmodities be underestinated.

Both questionnaires are presented and extensively discussed in Volume
Il of Dickie et al. (1987(Db)).

Chest and throat symptons include (1) cough, (2) throat irritation,
(3) husky voice, (4) phlegm sputum or nucous, (5) chest tightness,
(6) could not take a deep breath, (7) pain on deep respiration, (8)
out of breath easily, (9) breathing sounds wheezing or whistling.

QG her synmptons are (1) eye irritation, (2) could not see as well as
usual, (3) eyes sensitive to bright light, (4) ringing in ears (5)
pain in ears, (6) sinus pain, (7) nosebleed, (8) dry and painful nose,
(9) runny nose, (10) fast heartbeat at rest, (11) tired easily, (12)
faintness or dizziness, (13) felt spaced out or disoriented, (14)
headache, (15) chills or fever, (16) nausea, and (17) swollen glands
An alternative to counting the nunber of different synptons
experienced in the two days prior to the interview would be to
consi der the number of synptonidays experienced. Both approaches were
used to construct enpirical estimtes; however, to save space, only
t hose based on counts of different synptons are reported. Both
approaches yield virtually identical value estimates for synptom and
air pollution reduction.

The first three private goods reduce exposure to air pollution by
purifying and conditioning the air. The fourth reduces exposure

because gas stoves emt nitrogen dioxide.
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The equations also were estimated after defining the pollution
variables as the largest of the one hour maxinma on the two days;
simlar results were obtained.

Rosenzwei g and Schultz also initially specify their production
functions in translog formand then test whether restrictions to CES
and Cobb-Douglas forns are justified. This type of analysis is not
pursued here as nost of the covariates used are 0-1 dummy vari abl es.
Squaring these variables does not alter their values. Interaction
variables of course, still could be conputed.

Al though there is a linear relationship between the |atent dependent
variables and the private goods in the tobit nodel, the relationship
between the observed dependent variables and the private goods has the
usual properties of a production function. The expected nunber of
synptoms is decreasing and convex (nonstrictly) in the private goods.
The tobit coefficients and variances of the nodel are estinated by
maxi m zing the likelihood function using the method of Berndt, Hall,
Hal |, and Hausman (1974). The score vectors are specified

anal ytically and the information matrix is approximated nunerically
using the summed outer products of the score vectors. Starting val ues
for the coefficients and the standard deviations of the transitory
error conponents were obtained from two independent tobit regressions
with no permanent error conponent. In prelimnary runs a starting
value of unity was used for the standard deviation of the pernanent
error conponent, but the starting value was adjusted to 1.5 after the

initial estimate was consistently greater than one.
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Covariates in the reduced formregressions are: ASTHVA, BRONCH
FLEMCO, SHRTWZ, HAYFEV, BURB, ACGE, EXPWORK, years of education, nunber
of dependents, household incone, and an occupation dummy variable
measuring whether respondent is a blue collar worker.

An alternative to the two-stage procedure was suggested by Chamberlain
(1980) for random effects probit nodels. Chanberlain’s approach uses
information from tenporal variation in choice variables to distinguish
bet ween production function parameters and the parameters of an
assuned linear correlation between choice variables and the permanent
error conponent. The approach is not well-suited to the present study
because of the lack of tenporal variation in the private goods.

In the inpaired subsanple, inclusion of EXPWORK frequently caused the
bivariate tobit algorithmto fail to converge. This problem arose in
the specification presented in Table 2; consequently the EXPWORK
variabl e was excl uded.

The estimated two-day prices are: $2.34 for ACCEN, $1.00 for ACCAR
$0.80 for NOTGASCK. The discount rate was assuned to be 5 percent.
For further details of the procedure used to estimate prices, see
Dickie et al. (1987(a)).

The Wal d test was chosen because its test statistic can be conputed
using only the unconstrained estimates. Since the |ikelihood and
constraint functions both are nonlinear, reestimating the nodel wth
the constraint inposed would be considerably nore difficult than
conputing the Wald test statistic.

In other estimates of synptom production functions not reported here,
corresponding p-values also are large, alnost always exceeding .25 and

sonetimes the .80-.90 range.
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For conparison purposes, nean values also were estimated at subsanple
means of all explanatory variables. Results differ little wth neans
conputed over respondents. Evaluated at subsanple neans, willingness
to pay to elimnate one synptomfor one day is $1.05 in the inpaired

subsanpl e and $0.70 in the normal subsanple.



TABLE 1
FREQUENCY DI STRI BUTIONS OF SYMPTOMS BY SUBSAMPLE

NUMBER OF CHEST AND

THROAT SYMPTOVB NUMBER OF OTHER
EXPERI ENCED | N PAST SYMPTOMVS EXPERI ENCED
TWO DAYS | N PAST TWO DAYS

| mpai red Nor nal | mpai red Nor nal
0 351 408 257 338
1 84 41 123 79
2 64 18 85 42
3 48 15 73 18
4 37 9 45 12
5 26 4 28 5
6 16 6 14 6
7 8 2 9 2
8 8 0 4 1
9 2 0 2 0
10 0 0 1 0
11 0 0 1 0
12 0 0 2 1
13 0 0 0 0
14 0 0 0 0
15 0 0 0 0
16 0 0 0 0
17 0 0 0 0

Sanpl e Mean 1.348 0. 453 1. 668 0. 692




TABLE 2

BIVARIATE TOBIT SYMPTOM PRODUCTION FUNCTION ESTIMATES:
IMPAIRED SUBSAMPLE?

Chest and Throat Other
Symptoms Symptoms
CONSTANT ) -3.085 -2.043
(~-3.035) (~2.125)
ASTHMA 0.8425 0.6724
(2.328) (1.851)
BRONCH 3.774% 2.936
(7.663) (6.668)
SHRTWHZ . 1.49% 1.235
(3.683) (3.428)
FLEMCO 1.458 0.2526
(4.038) (0.8558)
HAYFEV 1.110 0.6613
(3.509) (2.365)
BURB -1.431 -0.7330
(=2.728) (~1.539)
AGE . 0.2986 2.042
(0.1596) (1.177)
EXPWORK ---b -=2b
ACCAR -0.3485 -0.4395
. (-0.8885) (-1.364)
ACCEN -1.9961 -0.6291
: (-2.834) (-1.829)
03 -0.1672 0.1252
(-0.5638) (=.4475)
co 1.279 -0.06285
. (1.259) (-0.06356)
NO2 - 0.5475 0.6384
(0.7744) (0.9282)
gy 2.617 2.454
(17.70) (20.81)
g ; 1.827
H (21.17)
Chi-Square® 148.7
P-Value for
Wald Test 0.742
Number of d .
lterations 21

3t-statistics are in parentheses.

bDenotes omitted dummy variable. Also, long term health status covariates entering these

equations do not represent mutually exclusive categories.

®The chi-square test statistic is -2InA, where A is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero.

Ythe convergence criterion is 0.5 for the gradient-weighted inverse Hessian,



TABLE 3

BIVARIATE TOBIT SYMPTOM PRODUCTION FUNCTION ESTIMATES:
NORMAL SUBSAMPLE?

Chest and Throat Other
Symptoms Symptoms
CONSTANT -5.789 -5.479
(-2.157) (=-2.790)
HAYFEV 2.316 1.461
(1.614) (1.871)
BURB -1.388 ~-0.6248
(-1.180) (~0.8470)
AGE 4,143 7.075
(0.7873) (2.091)
EXPWORK 0.8707 1.329
(1.157) (2.297)
ACCAR -1.949 -0.6705
(-2.905) (-1.057)
NOTCASCK -0.4613 ~0.8565
(-0.6312) (-1.594)
03 0.2757 0.3592
{0.5867) (0.9674)
co 0.1788 -0.07200
(0.07729) (-0.05241)
NO2 1.841 1.069
{1.162) (1.127)
o, - 3.204 2.435
(10.15) (11.31)
o ©1.828
H b (10.44)
Chi-Square 69.81
P-Value for
Wald Test 0.610
Number of
Iterations 20

d¢-statistics in parentheses.

5The chi-square test statistic is -21nA, where A is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero.

“The convergence criterion is 0.5 for the gradient-weighted inverse Hessian,



TABLE 4

UNIVARIATE TOBIT SYMPTOM PRODUCTION FUNCTION ESTIMATES?

Impaired Normal
Subsample Subsample
CONSTANT -2.253 -6.085
(-1.263) (-2.329)
ASTHMA 1.0333
(1.953)
BRONCH 4,649
(7.708)
SHRTWHZ 1.909
(3.282)
FLEMCO 1.769
(3.607)
HAYFEV 1.574 2,216
‘ (3.137) (2.378)
BURB -1.830 -1.623
(-2.927) (-1.126)
AGE 1.200 6.351
(0.403#) (1.165)
EXPWORK - 1.725
(2.039)
ACCAR -0.5900 -1.260
(-2.585) (-2.425)
03 0.1629 0.5941
{0.4846) . (1.616)
co 1.013 0.3722
(0.8041) (0.2163)
NO2 0.8930 1.726
(1.130) (1.784)
g, 3.884 3.790
(37.29) (22.47)
(o) 2.582 2.516
e (15.88) (8.822)
Chi-Square® 77.88 36.45
P-Valye for
Parameter Restrictions 0.623 0.562
Number of d
{terations 8 5

dt-statistics in parentheses.

bDenotes omitted dummy variable. Also, long term health status covariates entering these
equations do not represent mutually exclusive categories.

®The chi-square test statistic is -21nA, where A is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero,

dThe convergence criterion is 0.5 for the gradient-weighted inverse Hessian,



TABLE 5
MARG NAL W LLINGNESS TO PAY TO RELIEVE SYMPTOMS AND AVAO D AIR POLLUTI ON

| MPAI RED SUBSAMPLE

Synpt ons a3 NO2 CcO
Mean $1.12 ---1a -.-a |
Medi an $1.09
Maxi num $1.90
M ni mum $0. 81

NORVAL  SUBSAMVPLE

Synpt ons 0¢] NO2 CO
Mean $0. 73 $0. 31b $0. 91b -a
Medi an $0.70
Maxi mum $1. 22
M ni mum $0. 49

%Denotes coefficient not significantly different fromzero at 10 percent

| evel using one tail test in estimated equations presented in Table 4.
bEstinates of willingness to pay for reduced air pollution do not vary
across sample nenbers. In the conputational ratio, respondent specific
information appears both in the nunerator and denomi nator and therefore
cancel s out.
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ABSTRACT

The paper is a conparative study of alternative approaches to
the valuation of a public good - air quality, internms of its
effect on norbidity levels. Three indirect approaches have been
enpl oyed in the study: (1) cost of illness, (2) household health
production, and (3) a market goods approach, involving the
derivation of wllingness to pay for clean air by exploiting the
rel ati onshi ps anong the public and market goods. The direct
val uation approach enconpassed several contingent val uation
experinents: (1) open-ended, (2) probe biding, and (3) binary
choice. The estinmates of welfare change val uations derived under
the various approaches are discussed and conpared. The enpirical
analysis is based on results from a househol d survey, consisting
of a stratified random sanple of about 3,300 households from the
Hai fa netropolitan area (in northern Israel). It was carried. out
over a period of 12 months during 1986- 87



VALUATION OF MORBI DI TY REDUCTION DUE TO AIR POLLUTI ON ABATEMENT
DI RECT AND | NDI RECT MEASUREMENTS*

1. | NTRODUCTI ON

The attributes of environmental quality, a public good,
require the adoption of different valuation approaches than those
customarily enployed in studies of market goods. Basically, our
aimis to quantify the change in consumer welfare, or benefits,
measured in noney units, associated with a change (an increase or
a reduction) in the quantity of the environmental good (and the
flow of services concurrent with this change). WIIlingness to pay
(WIP) is the term commonly used to denote this welfare change. The
monetary measures of welfare change are the conpensating variation
and equival ent variation, or surplus in the case of nonnarket
goods where quantity, rather than price changes are involved. The
conpensating surplus (CS) is defined as the incone change which
of fsets the change in utility induced by a change in the level of
the public good, y,holding utility constant at its original |evel
In terms of the expenditure function, m, it is given by:

o = uty® PR VO) - mty's PG VO, (v'>y") (1)
where the superscripts indicate initial (0), or subsequent (1),
st at es, Px is the vector of narket goods prices, V is the indirect
utility function, V(PX.M,y). Mis the expenditure on the market
goods, and y is the public good. Analogously, the equivalent

*

Support for this research was provided by a grant fromthe
U S.-Israel Binational Science Foundation. Several individuals
col l aborated with ne on different parts of the project, and | am
gratefully indebted to them for their contributions: L. Epstein of
Carnel Hospital, A Cohen of the Faculty of Industrial &
Managenent Engi neering at the Technion - Israel Institute of
Technology, M Kim of the Departnent of Econom cs at t he
University of Haifa. L. Golan, B. MIler, N Azolai, and G
Mehrez, all graduate students at the Department of Econom cs,

provided ne with invaluable research assistantship. | w sh also
to thanks D. Shefer, L. Lave, E. MIls, and E Loehman for
beneficial discussions and advice. Needless to say, | renmin

responsi ble for any remaining errors of omssion or comission.



surplus (ES) is the change in income equivalent to the utility
gain induced by a change in the |level of the nonmarket good,
holding utility at its subsequent |evel

BV = u(y"iPy, V') - nly'iPg, V1) (2)

Two totally different approaches for the valuation of air
qual ity have been used. The first enploys indirect methods, all
of which essentially attenpt to infer the inplicit value of the
public good from observable (and presunably accurately neasured)
prices of private goods and services. For exanple, air quality
affects housing prices as well as expenditures on preventive and
medi cal care that are associated with the effect of pollution on
health. Changes in air quality levels would be expected to shift
the observed demand schedules for these nmarket goods. Fromthe
extent and direction of these shifts, inplicit prices (or margina
willingness to pay valuations) of the relevant public good ni ght
be inferred. The use of market data in the valuation of
envi ronmental goods has been expounded by Mileér (1974), Freenman
(1979], and nore recently and exhaustively by Bockstael, et al.
(1984), and Johansson (1987). One of the indirect approaches used
in this study has to the best of our know edge sel dom been used in
the valuation of public goods in general, and environmental goods
in particular, and in this sense constitutes a novel contribution

“Traditional” indirect approaches enployed in valuing
environnental resources involved techniques such as the trave
cost method (TCM, characteristically used in recreation denmand
studies, or the hedonic price nmethod (HPM, which has been used to
nonetize urban public anenities through the analysis of housing
markets (e.g., Brookshire, et al., 1982, who studied air pollution
effects on property values in California). In TCM for exanple,
researchers have attenpted to value the benefits of a public good,
e.g. Wwater quality, associated with the provision of outdoor
recreation services (the latter being, at least in principle, a
mar ket good).



Househol d heal th production is another indirect nethod. It
focuses on the consequences of health damages associated with an
i nadequat e supply of an environnental good, such as clean air and
water (e.g., Cropper, 1981, GCerking and Stanley, 1986, Berger, et
al, 1987). Here one posits technical relationships between the
i ndi vidual consumer’s health attributes, exposure to environnental
pol lution, and the consunption of private goods that affect health
(such as medical services, or goods which help protect against
exposure to health risks). The maxim zation of utility derived
from the consunption of goods and services and from being healthy,
given these relationships, yields an inplicit value assigned by
the consuner to the environmental good under study.

Cosely related to the health production approach, is the
“cost-of-illness” (CA) method, |ong used by economi sts and
nmedi cal researchers to value the danmages inflicted by
environmental pollution, and hence the value attributable to
Inprovenents in the supply of environnental goods. Here one
estimates the expenditure on nedical services and the val ue of
| ost work and productivity associated with excess norbidity or
nortality. Although easiest to apply in ternms of dat a
availability, it can be shown Harrington and Portney, 1987) that
this method yields an underestimate of the (theoretically correct)
value of the public good.

Alternatively, an altogether different approach, |ess and
| ess hesitantly used econonists, especially in the valuation of
environnental and anenity resources, is a direct approach, in the
sense that it attenpts to elicit consuners’ valuations through
survey interview nethods. This is the contingent valuation nethod
(CW - which elicits valuations within a framework of a
hypot hetical, contingent market for the good or service in
question. The “state-of-the-art” of the contingent valuation
met hod has been summarized by Cummngs, et al ( 1986) and, nore
recently, by Mtchell and Carson (1989).



The different approaches investigated in the present study
are described in Figure 1 (the residential property hedonic nodel
is not dealt with here, however). In this paper we apply themto
the valuation of benefits derived from reducing air
pol lution-induced norbidity. ! To the best of our know edge, ours
is the first conprehensive study which has enpl oyed nost of the
approaches currently used by economists to derive nonetary val ues
of pollution-induced health damages, based on a single, large
primary mcro-data base.

The data were collected through a household survey, carried
out the author in the city of Haifa in northern Israel, over a
12 month period in 1986-87. Al the approaches enployed in the
study (with the exception of the residential prices hedonic nodel)
are based on the sane set of sanple observations. This nmde it
possible to carry out a rather conprehensive enpirical analysis of
the different approaches.

Section 2 of the paper describes the study area, the survey
design and the data collected, as well as presenting a nunber of
sel ected epidemological results. Section 3 deals with the CVM
experinental design and valuations. Section 4 details the specific
indirect market goods nodel enployed in this study. In section 5
we present a brief description of the household health production
mde 1, and in Section 6 the results fromthe CO anal yses,
focusing on the estimtion of due to production gains from
reducing work |osses. A conparative analysis in Section 7 sums up

L A survey of economc studies which have dealt with the valuation
of norbidity damages associated with environmental pollution has
just recently been published. See Cropper and Freeman (1988).
Berger, et al. (1987) have conpared CV/M with CO using a small
sanpl e of Chicago and Denver residents.



the alternative val uation approaches.

2. DATA AND STUDY DESIGN
2.1 Background

Haifa, is an industrial city in northern Israel, situated on
the slopes of M. Carnel and the adjoining Haifa Bay area. The
conbi nation of the region’s topography and neteorol ogical
conditions, and a concentration of heavy industry in the | ower Bay
area (a power plant, oil refineries, a petrochenical conplex, and
others) create conditions conducive to high anbient concentrations
of pollutants, especially S0, and particulate, in parts of the
metropolitan region (depending on topography and w nd direction)
during certain periods of the year.

Maxi mal mean 24- hour 502 concentrations of 197 and 286 ug/M3
were recorded in 1986 and 1987, respectively, with corresponding
maxi mal hal f-hour readings of 1,271 and 2.552.2 During the period
January 1986 - April 1987, 15 violations of the absolute SO2
standard were recorded in Haifa. An Intermttent Control System
(I1CS) which directs the area’s major polluters to switch to
| ow sul fur fuels during environmental episodes, was activated on
23 days. In one single day, April 12, 1996, the nonitoring
stations registered 12 violations of the 99% standard and 2 of
the 100% standard. It had been estimated that on that day al one
the 1CS had prevented the occurrence of at |east 6 additiona
violation of the absolute standard! (Environnental Protection
Service, 1988). It has also been noted that during the same period
measurenents of sulfates concentrations at certain nei ghborhoods

(these are not taken on a regular basis) have registered a

2 Currently there are two anbient standards for SO,: A 99%
“statistical” standard of 780 ug/M°> (300 ppb), with a 1%
exceedance level (176 half-hours per year), and an absolute

standard of 1560 pg/M3 (600 ppb). An expert commttee has recently
proposed converting the 99% standard into a single, 100% standard.
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three-fold increase over those neasured in 1976. H gh values of CO
were al so recorded in some areas of the city during the report
period.

Concom tantly, evidence has been accumulating indicating a
hi gher incidence and preval ence of respiratory illnesses in the
area. Expansion, actual or planned, of the power and
petrochem cal industries has fostered the famliar Conflict
bet ween econom ¢ devel opment, regional enploynent and income, on
one hand, and the desire for a cleaner environnent, on the other

hand. This, as expected, has stinulated a good deal of public

controversy and nedia involvenent.

2.2 The Househol d Survey

A househol d survey, based on a stratified, cluster area
probability sanple of about 3,600 households, in the netropolitan
area of Haifa was carried out from May 1986 through April  1987.
The sanple was drawn from 137 Census Statistical Areas (CSA),
classified into four socioeconomc groups on the basis of the
| atest (1983) Census. They were then further classified into three
| evel s of anbient pollution. 16 CSAs, each approximating a
different residential neighborhood, were selected to represent the
12 sanpling strata. Gty blocks were randomy sanpled within each
stratum Heads (either spouse) of all the households within each
bl ock were interviewed. The data were collected in the course of a

structured interview, |asting about 30-45 mnutes. The overall
response rate was 81% 9% refused to be interviewed, and anot her
10% coul d not be reached after a second visit.

Besi de the usual socioeconom ¢ and denographic data, and CVM
questions (discussed below), respondents were asked about
perceived air pollution levels in the neighborhood and the work
place, and attitudes towards air pollution. The questionnaire
i ncluded questions on self-assessed health status, present and
past snoking habits of household nenbers, and respiratory
systemrelated synptons and diseases of the respondent and



househol d nenbers. These included the follow ng: Cough and phlegm

coughing or phlegm production first thing in the norning in sumer
ant/or winter, and at other times of the day; and wheezing and its
relationship to having a cold. Additional synptons and di agnoses
were elucidated, in relation to the respondent or other household
menbers: Eye “infection”, sinusitis, allergic irritation of nose
or eyes, eczemn, headache, a running nose, dyspnoea (with or
without effort), pneunpnia, bronchitis, and asthma (including
frequency of attacks over the preceding 12-nmonth period for the

latter three). Use of nedical services (primary clinic visits,

nedi cations), bed days during a two-week recall period, and
hospitalization during the 12 nonths preceding the interview by
any menber of the household were al so recorded.

2.3 Some Epidem ol ogi cal Findi ngs
A dichotonous logit nodel served to characterize respiratory

system di seases and synptons by fitting the nodel to a binary
(0-1) dependent variable, where 1 indicates a reported presence

and 0 the absence of a given synptom or disease. The logit nodel

fits the data to an equation where the dependent variable is
specified as the natural |ogarithmof the odds, y =1n p/(1-p), p
being the probability of observing the phenonenon (synptom or
di sease) and 1-p the probability of not observing it, and y is
regressed against a set of explanatory variables. Separat e
equations were estimated for respondent, his or her spouse, and
the famly’'s children (the latter grouped as one observation).

Thus, the fitted equation is of the form

y=lnp/(l-p) =a+ bxPOL + Zc‘xl. (3)

where POL is the variable indicating pollution |evel (perceived by
the respondent, or measured) In the relevant neighborhood, and the
X's are ot her expl anatory variables. For a dichotonous
classification of neighborhood pollution (used in this analysis),
an odds ratio, indicating the relative “riskiness” of a polluted
nei ghborhood with respect to the preval ence of a given synptom or



di sease, is denoted by p, whose pint estimate is given by

y(1) = y(0) =b = 1lnp = 1n [(p/l-p)IPOL=1 / (p/l-p)lPOL=o]

o p= eb (4)
Thus it has been assumed that there is a constant ratio between
the two odds ratios for given values of the other relevant
variables, and that this ratio is independent of those variables
when individuals with simlar attributes, but residing in
di fferent neighborhoods, are conpared.

Table 1 and Figure 2 give the odd ratios (in Table 1 also the
upper and | ower confidence intervals) for various synptonms and
diseases. It should be stressed that there relationships are also
controlled for snoking habits (which tend to cause simlar
synptons). Only findings in which the |ower 95% confi dence
interval is nore than 1 are reported. There is a marked
consi stency of the findings and the significant relationship
bet ween exposure to air pollution and various neasures of
morbidity is clear. The analysis of data relating to the spouse of
the respondent revealed simlar findings. The findings in relation
to the children in the households also reveal a relationship
bet ween norbidity measures and exposure to air pollution (where
the smoking habits controlled for are those of the parents).

Table 1

Figure 2

3. DIRECT VALUATIONS: CwWM
3.1 Eicitation Technique and Analysis of Responses

Econom sts have long since shown that the correct nmeasure of
wel fare changes due to pollution reduction, and the associ ated
health inprovenents, should be based on people’s willingness to
pay (WP) for pollution abatenent (Schelling, 1968; M shan, 1971).
Conceptual |y, this neasure should capture the four conponents
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which constitute morbidity damages, namely, (a) opportunity cost
of time sick, (b) out-of-pocket and indirect (public) outlays for
medical services, (c) defensive expenditure, and (d) psychological
losses associated with suffering, pain, hedonic damages, and other
direct utility losses not accounted by the first three categories.
A comprehensive approach to pollution-induced health damage
valuation should incorporate all four components. The money
equivalent of these damages is represented by WTP for enhancing
ambient air quality, through the implied reduction in exposure to
morbidity risks. Of course, other benefits associated with air

pollution abatement should be excluded in this case.

In the present study, pre-testing has shown that - at least
in the case of Israeli respondents - questions which attempted to
elicit monetary valuations for reduced morbidity (e.g., reduction
in a stated number of bed days, the number of days with
respiratory symptoms, or the number of acute situations during a
given period), were ill received by the respondents, or they had
difficulties relating to the situations described in such
questions. Hence, it was imperative to state WTP in terms of
reduction in pollution levels. The Israeli public in general, and
in Haifa in particular, is well aware of the connection between
air pollution and respiratory ailments, although of course not

necessarily of the true dose-response relationships.

Interviewees were queried about the perceived air pollution
levels in their own neighborhood. In order to provide a visual
stimulus, they were shown photographs of the city of Haifa on

visibly polluted and on relatively clean days.3

They were asked to
state their maximum willingness to pay for pollution abatement:
(a) In order to prevent a 50% reduction of present air quality

level of their neighborhood; (b) To achieve a 50% Improvement in

3 The pollution levels shown in the pictures did not necessarily
correspond to the indicated changes in pollution levels, and
mainly served to introduce a measure of realism to the
hypothetical nature of the CVM environment.
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present nei ghborhood | evels. ¢ The first neasure corresponds to ES
(and following Randall and Stoll, 1980, wll be denoted by WI'Fe);
the second corresponds to CS (denoted by V\7I'PC). The notation
serves to enphasize that both are willingness to pay neasures, not
willingness to accept (WA) ones. Because of the inherent
difficulties in obtaining non-inflated WA responses it was we
deci ded against enploying themin the questionnaire, given the
possibility that this could have mred the WIP responses as well. 5
The paynment vehicle was the municipal property tax, which is
the sole local tax. Respondents were asked to state their WIP in
terns of a percentage of the annual tax assessnent (over and above
their present tax assessnent), by selecting the appropriate
percentage figure froma paynent carg. Respondents who were not
willing to pay any sum were asked about the reasons for the zero
valuation. It was thus possible to distinguish between “true” 0's,
i.e. people who did not place any positive value on the
i nprovenment (or, alternatively, the prevention of deterioration),
and those who Inplicitly registered a protest vote for a variety
of reasons (objecting to the paynent vehicle, believing that the
pol luter should pay, and so on), but who did not necessarily view

4 Specifically, they were instructed to refer back to the
perceived |evel which they had previously indicated as the one
prevailing in their area.

5 On the use of WA vs. WP in C/WM and the controversies
surrounding their derivation in enpirical studies,see Bishop and
Heberlein (1979); Knetsch and Sinden (1984); Gegory (1986);
Mtchell and Carson (1989).

6 Percentage categories (from0%to 100% were |listed on the card
in either ascending or descendi ng or der, vertically or
hori zontal |y These options were randonly assigned to househol ds.
The upper 100%limt did not seemto gonstrain the range of WP
responses. \Wile 90% of the WPE or \/\7rPS values were bel ow 100
NS, only 0.4% of the households were in the 100 NIS or |ess tax
bracket .

10



, . . 7
air quality inprovement as val uel ess .

The variables found to be significant in explaining the
variation in WP%nd WP © (exclusive of protest zero bids) are
presented in Table 2. Since the analyses of the CVM experinents
focused on the subset of positive bidders, it was necessary to
correct for a possible selection bias introduced by dropping the
zero responses. A procedure accounting for this bias is described
in Maddal a (1983).8 The analysis proceeded in tw steps. First, a
probit nodel is used to analyze the determ nants of zero bids,
where the dependent variable takes a value of 1 if WIP>0, and O
otherwise. In the second step positive responses are anal yzed
separately, with the probit nodel providing an estimator to
correct for the selectivity effects resulting from dropping the
observations with zero bids. The adjustnent factor is given by the
rati o ¢(v)/&(V), where ¢ and ® are the normal probability density
function and cunul ative density function, respectively, and
V=b'x. The b’s are maxi mum |ikelihood estimators from the probit
analysis, end x is a vector of explanatory variables belonging to
three categories: variables associated with the respondent’s - or
other famly nenbers’ - health  status, denogr aphi ¢ and
soci oeconomi ¢ variabl es (age, sex, education, birth origin, work
status, famly size), and attitude shaping variables, such as
perception of the authorities’ involvement with pollution control,
t he anount of annual taxes paid, and perceived exposure to air

! Qur interpretation of the data is that although some vehicle
bias exists, it has had only a limted inpact upon the results.

Qut of about 35% of respondents whose WIP=0, 21% (for wrr9) and

17% (for WrPe) gave reasons which could possibly inply an
objection to the payment vehicle itself (“lI already pay too nuch
tax"; "I amnot willing to pay any nore taxes”). Nanely,
altogether approximately not nore than 7% of all respondents were
affected by the vehicle to such an extent that they refused to pay
any positive sum O course, the suns offered by other respondents
may have al so been affected to some unknown degree.

8 It was applied by Kealy and Bishop (1986) in studying recreation
use behavior, and by Smth and Desvousges (1987) in a CVM study on
risks of exposure to hazardous wastes.
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pol lution at home or at the work place. There has been an expected
mar ked i nprovenent in R® when the equations were estimted over the
set of nonzero bid observations.

Table 2

The estimated regressions of nonzero wTP® and WTP® bids, for
the subset of standard WP responses (see the section below) are
reported in table 2 (n=2,230). Respondents who are younger,
femal e, and from a hi gher socioecononic status tend to be willing
to pay nore to inprove air quality, or prevent its further
deterioration. Respondents who are nore aware of pollution in
t hei r nei ghborhoods or work place, who believe too little is spent
on pollution control, believe governnent |s not too effective in
controlling it, and are willing to devote of their time in public
activities to this end, are also willing to contribute nore
towards this goal. And those who thenselves, or their famli es,
suffer fromthe ill health effects of pollution, are also wlling
to pay nore to control it.

3.2 Contingent valuation experinents

The sanpling design used in the study afforded the
possibility of experinmenting with alternative CVM fornmats, used
for difference subsets of the sanple, each of which could be
viewed as a separate random sanple from the sane popul ation. The
only difference between these sanples was that they were taken at
different points in time. Cearly, to the extent that time of year
affected the CVM responses, the statenent above woul d have to be
qual i fied.

The first set of questionnaires (n & 2,300), the “standard”
CW format was used, nanely, an open-ended WIP question. The
respondent was asked to state his or her maxi mum WIP for the
proposed change.

12



It has been suggested that a nore “natural” way to conduct
CWM surveys, thereby adding realismand reducing the inherent
hypot hetical elenment, is through the use of a “Buy - Not buy”
choice inplied by the binary choice format (Cumm ngs, et al,
1986). To this end, a second set of questionnaires (n = 450)
replaced the standard format with a binary choice format, in which
respondents were asked to state whether they would be willing to
pay a given percentage increase in the municipal tax for the sane
$50% changes in pollution | evels. The percentage categories were
drawn from the pay card table, and randomly assigned to
househol ds.

To anal yze these responses, behavior is usually nodeled in a
stochastic fashion, often by positing a random utility nodel to
represent consuner behavior. Wile the binary choice format does
not provide the investigator with information regarding the sanple
distribution of WIP valuations, it does nevertheless enable to
deduce its first nonents - the nean and the medi an. These can be
conpared with the corresponding statistics of the distributions
obtained from the other experiments. Qur analysis followed the
work of Hanemann (1984) and Loehman and De (1982).

A third variant of the CVM format (n & 490) was ai ned at
attenpting to elicit respondents’ true maxi num WP statenents, by
aski ng them whether they woul d have agreed to Increase - and then
by how much - their initial suns had they been inforned that that
sum woul d not be sufficient to acconplish the indicated 50%
change.

In the course of the survey doubts were rai sed whether
respondents were indeed interpreting it to be a one-tinme paynent,
instead of an annual contribution, in conjunction with the payment
of their annual municipal taxes. To this end, a fourth change,
involving a different subset of about 400 respondents, nodified
the nature of the payment, froma one-tine to an annual paynent

13



Tables 3 and 4 display various statistics for the four
experinments, and for the overall sanple: “Standard” maxi mum WP,
repeat bidding, binary choice, and annual vs. one-paynent, for
wrp® and wIP® val uations, respectively. responses. W present here
the results for the anal yses excluding “protest” zero-bidders
(identified through the follow up question).

Table 3

Table 4

In general, WTPe>WTPc,nanely, on average respondents were
willing to pay nore to prevent worsening of pollution than to
i nprove present |evels. However, as noted above, unless we know
the shape of the indifference curves we cannot say a prior
whether this indeed should be the case

Means of the binary choice format are surprisingly close to
those of the standard, and especially the repeat-bid, formts.
Though eliciting less information (WP above or below a certain
val ue, but not actual WP itself), the resulting welfare change
estimates do not very nuch fromthe standard format (particularly
wTP® val uations), or from both wTP® and WTP® in the repeat bid
valuations. The results suggest that, given the sinplicity of the
binary choice format, it should be considered first as the
preferred alternative, particularly where there would not be any
special interest in obtaining the sanple distribution of the CVM
val uations.

Regarding the repeat bidding elicitation procedure, we found
a significant 1increase in nean wrP® and wrpP®, for t hose
respondents who were willing to increase their paynents (who make
up only a subset of all respondents, as one would expect), and who
gave a consistent answer. W tend to interpret these results as
evi dence of the efficacy of this approach in deriving better WP
estimates, supporting Mtchell and Carson’s (1986) advocacy of it.

14



W did not find significant differences between the responses
of the annual and one-paynent groups, supporting our suspicion
that respondents processed the WIP questions in the sane way they
would relate to the annual nunicipal tax paynent.

3.3 WIP€ vs. wrP® r esponses
A different analysis of WP responses is presented in Table

5, where a different grouping of nean sanple values of WP and WP
for air quality changes is presented. The table is based on
responses from the subset of standard WIP  questionnaires
Nei ghbor hoods (=CSA's) were divided into the three pollution
l evel s. Wth regard to WTP®, it was assuned that a 50% i npr ovenent
roughly inplies that a neighborhood with noderate air quality
woul d be upgraded into one with good air quality, i.e., a
(relatively) clean one, and that a “bad” nei ghborhood woul d nove
into the “noderate” category. Simlarly, with respect to wP®, a
50% deterioration In pollution levels would inply a downgrading of
a relatively clean neighborhood to one with noderate I|evels, and
S0 on.9 Thus, on average, an individual living in a noderately
pol | ut ed nei ghborhood (according to his or her perception) would
be willing to contribute NIS 37.9 annually towards inproving air
quality, and NIS 40.0 In order to prevent a worsening of present
| evel s.

Table 5

The rel ationship between these two wel fare change neasures
for any given sub-sanple of nei ghborhood househol ds i s anbi guous.
Whi | e wIp® > wrP® for moder ately polluted neighborhoods, the
reverse holds for those badly polluted. However, both wrP® and
WIP® increase with pollution levels, and the between-group

? The nei ghbor hood narked “Very poor” in Table 5 is a fictitious
nei ghbor hood, created by hypothetically downgrading the “poor”
nei ghbor hood cat egory.
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differences are significant (non-paranetric nedian test). The
two-sanpl e nean tests indicate that although wTP® and wrp® differ
significantly, wrp® > WIP® in one case (respondents  from
poor-quality  neighborhoods), but the reverse holds for
moder at e-qual ity nei ghbor hoods.

3.4 Reliability of CVM val uations
Doubts about the truthful revelation of preferences obtained

t hrough direct questioning procedures still dom nate many
di scussions involving the use of direct WIP val uations. Four
“Reference Operating Conditions” (ROC s) have been proposed by
Cummings, et al (1986), as criteria for evaluating CVM
applications in general, and for evaluating the accuracy of the
values obtained in particular. These conditions are (a)
famliarity with the commodity, (b) prior valuation and choice
experience with respect to consunption levels of the comodity,
(c) the presence of little uncertainty and, (d) the use of WP
rather than WA (willingness to accept) valuations

In exam ning these conditions In the context of the present
study, we note first that the city of Haifa and its environs
provide a suitable setting for obtaining WIP responses in a CVM
environnent. |ts topographical |ayout and the location of its
i ndustry introduce inter-neighborhood variability in anbient air
qual ity, about which there is a fair level of public awareness. In
recent years, the local media have frequently addressed the issue
of air pollution-induced diseases. It is therefore likely that
respondents were not placed in a position of having to respond to
hypot heti cal CVM questions. Mreover, it has been surmised that a
willingness to pay for air pollution abatement would tend to
involve little or no strategic biases attributed to CVM surveys,
because relatively small suns of noney (per household) are
typically involved. Thus, of the four conditions noted above, the
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first and the last have been satisfied in this study. 10

Regarding ROC #2, all that can be clained is that subjects
were famliar with the vehicle (city property tax assessments),
al t hough, naturally, they had had no prior experience wth
valuing air quality in this particular manner. However, it is
doubt ful whether ROC #3 was fulfilled in this study. First,
uncertainty is ingrained in dose-response relationships between
air pollution and health, especially when lay people are involved.
Secondly, an altogether different type of uncertainty nay have
surrounded the stipulated change in the supply of the “paid-for”
comodity (the indicated |evel of air quality inprovenent), had
the payment indeed been made. Although the phrasing of the
rel evant question attenpted to alleviate this source of
uncertainty, we have no way of ascertaining whether this had been
successful Iy achi eved.

3.5 Popul ation CVM Estimates
Popul ation estimates of WTP® and WIP® for the entire Haifa

metropolitan region, were derived using the following entities:

NiS = The nunber of households in the i-th CSA by enpl oynent
status (s) of the head of the household (enployed, self-enployed
and unenpl oyed] .

Is = Average net nonthly incone per household of househol ds
whose heads were enployed (Central Bureau of Statistics, 1985h).
Since incone of self-enployed by CSAis not available, it was
determned on the basis of sanple neans, after proper adjustments
Incone |levels were converted to 1987 NI'S using the Cost-of-Living
I ndex and the change in real incone of salaried workers (Bank of
|srael, 1988).

Al'l census areas were classified by socioecononmic |evel (e)

10 I ndeed, the survey indicates that subjects were highly famliar
with the various pollution levels in their respective
nei ghborhoods. As noted in an earlier footnote, a high partial
correlation between neasured and perceived pollution levels is
evi dent .
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and pollution level (p), corresponding to those used in
del ineating the sampling strata. Using these data, WIP® and WTP®
totals for each CSA, were derived by grouping all CSA's (sanple
and non-sanple) according to their respective socioeconomc |eve

(e) and pollution level (p). Each CSA was further sub-divided by
enpl oynent status. The corresponding sample CSA mean WP val ue was
used for calculating population totals for each sub-group within
each CSA. Regional totals were then obtained by aggregating
empl oynent -group totals within each CSA and then aggregating over
all CSA's. Total regional annual benefits of pollution reduction
(zwTP®) and of prevention (zwTP®) anounted to NIS 3.9 and 9.9
ml., respectively (at the then prevailing exchange rate of 1.5
NNSto $ 1 US, $2.6 and 6.6 nil.)

4. | NDI RECT VALUATION. DERIVING EXACT WELFARE CHANGE MEASURES
4.1 Introduction
In calculating benefits associated with a larger supply of

the environnental public good through its relationship” with some
mar ket good(s), one mght begin with estimating a demand function
for the market good from observed price-quantity data. The
benefits fromthe public good woul d be derived by conputing the
change in consuners’ surplus associated with a corresponding shift
in the market demand schedul e. This method woul d be expected to
yield an approximate value of the potential welfare change (Just,

et al, 1982). Aternatively, exact (in the theoretical, not
statistical, sense) neasures of welfare change may be obtained by
eval uating an expenditure function underlying the ordinary
mar ket - good denmand system using duality theory (Hausman, 1981,

Vartia, 1983; Loehman, 1986). This approach is discussed in this
section.

In order to eventually “untangle” the demand val uations of
the public good fromthose observed for the market goods, the
posited demand system ought to satisfy two conditions. The narKket
and nonnar ket goods nust be non-separable, and a price vector
which would drive the marginal utility from the nonmarket goods to
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zero shoul d exi st (Miler, 1974). These conditions enable the
recovery of the preference ordering for this group of goods and,
subsequently, the conpensated demand (or marginal wllingness to
pay) schedule for the public good, fromwhich valuations of
changes in the quantity of that good can be derived. The denand
system specified below satisfies the first condition; the second
condition is not testable, but assumed.

Specifically, in this study a twice differentiable indirect
utility function was assuned. Duality theory (Roy's identity) is
i nvoked in deriving the corresponding budget share equations. This
parti al systeml1 enconpasses two market goods, housing services and
nmedi cal services, denoted by the vector X in the fornulation
below,” and a public good, air quality, denoted by y. The
expenditure function, derived fromthe posited indirect utility
function, is then used to calculate the nonetary value of welfare
changes associated with shifts in the level of air quality. By
Shephard’s Lemma, the partial derivative of the expenditure
function with respect to price yields a H cksian conpensated
demand function (cf. Varian, 1984); the derivative with respect
to the public good yields the demand “price” function for the

public good.

W know of only one recent study which adopted a simlar,
indirect market good approach to the enpirical estimation of the

11 . . -

Partial demand system are frequently encountered in enpirica
studies. This is characteristically due to data |imtations which
preclude the estimation of all the unknown paraneters in the
conpl ete demand system In order to recover the preferences for
the nonmarket good from the partial systemit is necessary to
assune that the group of commodities which make up the partia
system is separable in consunption from all other commodities
(Hanemann and Morey, 1987). These authors go on to show that the
conpensating and equivalent neasures calculated from a parti al
demand system need not be identical with those calculated froma
full system CV would be a |ower bound on the conventiona
conmpensating measure, while EV might be greater than, |ess than,
or equal to the full system neasure.
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benefits associated with an environmental good (Shapiro and Smith,
1981). Qur paper differs in its use of individual, mcro data, as
compared to their use of aggregate data, and in deriving exact
wel fare measures (which was not the focus of that paper). In
connection with nmeasuring cost of |iving changes, Cobb (1987) has
used a “translating variables” specification in incorporating
nonnar ket goods in budget share equation systemns.

4.2 Model specification and estination

The specification chosen for the indirect utility function is
the translog function (Christensen et.al., 1975), defined in terms

]
of nornalized prices of the two nmarket goods, P =P, /M, the

nonmar ket good - air quality - y, and household characteristics:

InV=qa + (1 + lny) + (a1 + 711ny) InP

L ]
o 1 + (az + 721ny) 1n P2 +

+

1 . 1 .2 - L
5 [(B11 3.4 ny)(1ln P1] +(312 +.612 lny)lnP1 1nP,

(5)

+

» L ] - 2
lny)).nP1 1nP2 + (822 + lrw)[lanl ]

(Byy + 3y 352

. .
In Py [¢) 0y + #1505 + 50y + 4,0, + ¢, che]

. _
In P, [85)h) + ¢0h; + ¢ 50y + &40, + é5hgl + Z ¢ h

» -
wher e l='1 is the (nornalized) price of housing services, and Pz IS

the (nornalized) price of nedical services. The hi’s are

di chot omous vari abl es which represent famly or head of househol d

heal th characteristics: h1 - snoking habits, hz - respiratory

i1l ness synptoms (head of househol d), - respiratory illness
Bs

+

+

synptons (all other household nenbers), h4 - respiratory diseases
(head of household), and hg = respiratory diseases (all other
househol d menbers).

By Applying Roy's identity to eq. (5) the follow ng share
equations are derived:

_atv sawv_ o PX
EY) i dinM i M N
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lny)lnP

157%1

L
= {(a1+7ilny) + (B“+5“1ny)1nPi + (B K

s
1 . _
* 35 (BJ1+6J11ny) lnPJ + k§1 ¢1khk } // D i=1,2 (8)

wher e
 J -
D= (a1*711ny)+(ad+7Jlny) + (Bii+6 1lny)lnP1 + (BJJ+6JJ1ny)lnPJ

1
t 3 (31J+61Jlny)(1nP +1lnP

L ] -
J)*2(8Ji Jilny)(lnP1 +1nP ).

J

Sl is the share of the ith market good in total expenditures, M
Symmetry constraints (analogous to the integrability condition
from demand theory, see Christensen, et al., 1975) have been
i nposed on the denmand system vijz., BiJ=BJ1' 61J=6J1 and ¢1k='¢2k
for all k, causing the characteristic variables to drop out of D
above (cf. Jorgenson and Slesnick, 1987). 12 Furthernore, the budget
share equati ons shoul d be honbgeneous of degree zero in the
paraneters. To this end, a convenient. normal i zation  which
guarantees this condition is Fa =-1 (cf. Christensen and Manser,

1977). The demand system should also satisfy the adding-up
restriction, f.si=1. which inplies that the paraneters of the

second equation in our two-equation system can be determned from

12

) Note that after some rewiting, equation (6) takes the follow ng
form

)lny]InP + ...}/

1
Sy = {..+ [5(8,54B;,) 2(’512 21 2

» »
= {...+ (812+6121ny)1n1>2 + ...}/

»  J -
52 = {...+ (321+6211ny)1nP1 + ...}/D

. -
\/\,here312=1/2(£312+BZ1 , etc. Since the paraneters 512’ 321. 12’
and 621 are not |dent|f| abl e vvnen estl mating the share equati ons,
the paraneters 812—321 and 612 21 are estimated instead. To

sinplify notation, however, the asterisks have been suppressed in
the rest of the paper.
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those of the first system hence, only one equation needs to be

estimated. W may note that the present data base has nmde it

possible to incorporate individual health characteristics, related

to respiratory illnesses and synptons, into the posited preference

function. 13 In this sense, the present indirect valuation can also
be likened to the househol d health production approach used to

evaluate norbidity and nortality benefits (see bel ow).

Annual nmunicipal tax assessnents were used as proxies for
housing prices in the estimation of the budget share (eq. 6). Its
rates generally reflect dwelling quality and the soci oeconom c
status of the neighborhood. This variable was used instead of
i mputed rental val ue because there are no reliable, published
statistics on housing prices by neighborhood and housing quality.
Consunption of housing services has been assumed to be given by
dwel I'ing size

The price of medical services was calculated as a wei ghted
i ndex of national, average estimates of primary clinic cost per
patient visit and hospitalization costs for all i Il nesses
Consunption of nedical visits was given by a predicted nunber of
clinic visits, derived froma logit regression analysis of the

survey data.14 Hospitalization data were taken directly fromthe

13 For the inclusion of characteristics in an indirect translog
utility function, see Wodbury (1983), in connection with a node
describing | abor conpensation. The characteristics there are
par amet ers whi ch describe the worker or the work place. In a
simlar vain, Mrey (1985) incorporated personal and site
attributes in estimating a demand system for ski resorts (see also
Jorgenson and Sl esnick, 1987).

14 Respondents were asked whether they visited a clinic during a
two week recall period prior to the date of the interview The
logit regressions yielded predicted probabilities of at |east one
visit during the two week period as a function of soci oeconomc
and health characteristics, and a seasonal variable. These
probabilities were then converted into an expected annual nunber
of visits for each househol d.
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questionnaire, where respondents were asked to indicate whether
they had been hospitalized for respiratory  systemrel ated
il nesses during the 12-nonth period preceding the interview. 15 The
hh‘ks are health attributes of the respondent (head of househol d)
or other household nenbers, that are presuned to be associated
with, or induced by, air pollution (with the exception of snoking
which itself induces simlar synmptoms). The health variabl es
i nclude coughing, Wwheezing, sputum em ssion and shortness of
breath; diseases refer to asthma, bronchitis, pneunonia, and other
| ower respiratory tract diseases. As already indicated, y stands
for the perceived level of neighborhood pollution. Respondents

were requested to indicate this on a severity scale of 1 to 6. 16

To estimate the share equation (6) we enployed a procedure
that conbines iterative minimzation methods for non-1inear
regression With OLS estimation, inposing the symmetry and
addi ng-up restrictions. Al variables were normalized through
division by their respective sanple nean. Table 6 displays the
paranmeter estimates. Inserting the paraneter estimates fromthe
budget share (5) into the indirect utility function (4), and

15 It should be noted that the majority of fanmilies belong to one
of several quasi-public health insurance schemes, and do not pay
directly for nedical services. However, paying for private medical
visits and nmedications in order to obtain faster, and often better
quality treatnment is quite comon, especially with sick children.

Information on these extra costs, available from the survey, was
also used in deriving expenditure levels. It can therefore be
surmsed that the nunber of clinic visits, 1in and by itself,

reflects an opportunity cost of tine in obtaining nedical

treatment, even though no immediate paynent is necessarily
associated with it.

16 Wi le the perceived |level of pollution may directly affect the
demand for housing and hence values, its inpact upon nedical

expenditure is indirect; the latter, are affected by actual

pol lution levels. However, there is a rather high partial

correl ation between these two neasures (r=0.77). On the
appropri ateness of using perceived rather than actual measures of

pol lution levels from a psychol ogi cal perspective, see Zeidner and
Shechter (1988). It may be noted that had it been possible to
elicit quantitative responses for perceived air quality, it

probably woul d have been possible to use the restricted indirect

utility function as suggested by Diewert (1978).
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evaluating its partial derivatives with respect to prices, income

and the public good, at the point of neans, it can be shown that
aV/aP;<o (i=1,2), avsaM>0, and av/dy>0, as expected. utility
decreases with a rise in the (nornalized) prices of housing and
medi cal services, and rises with the Ievel of noney expenditure on
the two market goods and with the level of air quality. It can
al so be shown that the function possesses the correct signs for

the second derivati ves.

4.3 Wl fare change neasures

The expenditure function takes on the form

u= {- [a1+a2+(1nP1)(b1+b2)+(1nP2)(b2+b3)]

(1 4

2
{[a1+a2+(1nP1)(b1+b2)+(1nP2)(b2+b3)]

o . 2
(2b1+4b2+2b3) a+(1nP1)(a1+d1)+(1nP2)(az+d2)+§b1(1nP1) +

+

1
1 2 2 1
bzlpPllan + ibs(lan) - 1nV]} } [5;;535355] (7)

where p=lnM, a« = e +1+lny, a, = a,+7,1ny, e, = a,+y,lny,

By= Byy* 8410y, by = Bio¥8iolny, by = By +3,lny,

s ]
4= Tl 2 T Tl

Gven the paraneter estimates fromeq. (6), CS and ES val ues
(egs. 1 and 2) - associated with a 250% shift from the baseline
air quality levels - can be calculated using eq. (7). These
cal cul ations yielded annual payments of 2.33 end 105.10 NS,
respectively, per household. Because the expenditure function is
nonlinear, the values which have Just been calculated are
equivalent to evaluating a function of the formf(x), which
general ly would not yield the same val ues obtained from eval uating
f(x) instead. Thus, we have also conputed the neans of individua
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valuations by calculating the two welfare neasures for each
househol d, using the relevant attributes for that household. These
cal culations yielded the following mean valuations for the sanple
of househol ds: WIP®= 9.81 NI'S (S = 38.3), and WIP® = 73.25 (s =
106.2). As noted above, and shown by Loehman (1986), there is no a
priori theoretical Justification for expecting either EV>CV or the
reverse; both cases are consistent with theory, and the direction
of the inequality sign depends on the shape of the indifference
curves.

The expenditure function for utility kept at a level
associated with the initial (sanple mean) air quality is shown in
Figure 3 (on a logarithnic scale). The corresponding Bradford-type
bid curves, showing WIP as a function of y for utility held at the
initial level (CS), and at the final level (ES), are drawn in
Figure 4 (marked wTP® and WTPe.respectiver). It can be seen from
Figure 3 that the nmarginal bid function, or the conpensated denand
for the public good (the partial derivative of the expenditure
function with respect to the public good, for given market good
prices and utility level), would be negatively sl oped.

Figure 3

Figure 4

5. I NDIRECT VALUATI ON: HEALTH PRODUCTI ON  APPROACH

5.1 Introduction

The househol d health production is the basis of a valuation
approach in which the benefits from a public good, viz.,
environmental quality, are assessed indirectly through househol d
optim zing behavior with respect to the production (and
consunption) of good health. This health “capital” is an argument
inthe utility function, along with other goods and services. The
production of health contributes to utility on two counts: (1)
Reduci ng expenditures on health care services, Which otherw se
woul d have decreased the anount of incone available for spending
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on utility-enhancing goods and servicesl7; (2) Dimnishing the
inpact on utility through income reduction caused by work-I|oss
days, or increasing incone through productivity gains. In this
framework, one woul d al so have to consider decisions concerning the
noney tine spent on preventive or averting activities. These
contribute directly to the production of health stock (but also
reduce the budget available for goods and services). O course.
the total effect on utility amounts to a WIP val uation of the
wel fare changes attributable to changes in the quantity of the
envi ronmental good

Several studies have used the health production approach to
estimate the value of reducing health risk resulting fromair
pol lution abatenent (e.g., Cropper, 1981; Gerking and Stanl ey,
1986; Harrington and Portney, 1987; Berger, et al., 1987; Dickie
and Cerking, 1988). The enphasis has been on the inclusion of
preventive expenditure in a wutility maximzing franework, and
denonstrating the theoretical superiority of this approach
conpared to the CO approach. The latter overlooks preventive
expenditure, nanely, the possibility that individuals yield a
measure of control over the state of their health, any direct
utility losses associated with illness, and the value of bed-day
| osses of the non-working population (cf., e.g., Cooper and Rice,
1976). It should be noted, however, that in the various enpirica
appl i cations of the health production appr oach, t he
budget -reduci ng or incone-enhancing effects have generally been
not explicitly considered, and a fixed budget is assumed. \Wat one
is left with is usually a utility maximzing framework where only
preventive activities (in addition to nmedical care and other
consunption expenditure) are taken into account (see the enpirica
sections of the above cited studies).

In this section we outline a nodel which attenpts to provide

17 To the extent that the utility derived from consunption of goods
and services is in turn affected by health conditions, then
reduction of bed days would also be taken into account.
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8 and t he

dynani ¢ aspects of the health production process. Since we too

a conprehensive framework for dealing wth uncertai nty1

assume a fixed budget, our approach yields Valuations of the
environnental good which do not take into consideration the |abor
savings component. W only outline the nodel here (for a full
description see Shechter, 1988), and then provide sonme tentative
WP estimates.

5.2 The nodel

Assune an individual producing different |evels of health
depending upon initial health stock, the anmount of nedical or
preventive care consuned, the level of the environnental public
good, and socioeconomc attributes. Uncertainty is represented by
probabilities of being in an ill or a healthy state, following a
first-order Markovian process (Hey and Patel, 1983). Several
sinplifying assunptions, some quite strong, have been nade: (1)
The probabilities are a function of the individual’s current
health state and not affected by age or by past nedical history.
(2) Two types of health stock related expenditure  exist:
Preventive care and nedical care, where the fornmer is exercised
only when the individual is healthy, while the latter is consumed
only when he or she is ill.

The health production process is given by:

H.h(mh, y, o) when healthy
H= (8)

Hs(ms, y, o) when 111

.2 2
d 8 2] 8°H
E_Hhm : .é_s>o : Z_H >0 and g% §0 (for h and s); H: <0; 2 <0
m.h ms Yy amh 8ms

18 A different approach to uncertainty is given by Berger, et al.
(1987).
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where

H- the individual's health [evel

m - amount of preventive care consumed,
m - anount of nedical care consumed,

y - the level of the environnental good,

o ~ socioeconomc characteristics of the individual

The budget constraint is:

_ XCx + mh-Ch when heal t hy 9
ch + mS-Cs when i1l
wher e
| - incone

X - a conposite good which does not affect health,

C_- the price of X (normalized to Cx=1).

X
Ch - the price of a unit of preventive care,
Cs - the unit price of nedical care.

A state-dependent utility function is defined over two goods -
the conposite good, x, and health , h.

V(x) when heal t hy
W(x) when ill

It is assuned that for any given x, utility in the healthy state
is greater than in the illness state, V(<)>W(¢), and that the
individual is risk averse: V>0, V<0, W>0, and W <0.

For the Markovian process of transition between health states
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over time the following probabilities have been defined:
P- The probability that an individual who is healthy
today will also be healthy in the next period, where

P (h) > 0;
1-P - The probability that an individual who is healthy
today will be ill in the next period;

Q- The probability that an Individual who is ill today
will be healthy in the next period, Q(h) > 0;
1-Q - The probability that an individual who is ill today
will also be ill in the next period.

5.3 Optimzation
The individual is assumed to maximzes lifetine expected

utility, allocating the budget anong X, m, and m_, given the
health production function and the budget constraint. Expected

lifetime utility fromT onward is given by

t-T

zT p- " U, (X;H) (11)

where p is the rate of time preference.

One first solves for the optinmal values of X — m and L
subject to the constrains. As noted, these optinal values are
tinme-invariant, inplying that all time periods are identical,
given the state of the individual’ heal t h. Upon totally
differentiating the first order condition, it is possible to
obtain an expression for the individual’s willingness to pay for a
change in tHe |l evel of -the environnental good, :517_ nmeasuring the
val ue at the margin of the public good after al |
utility-naxinizing, consunption adjustnents have been nmade. W
omt the details of the derivation (see Shechter, 1988), and give
the final expression:
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S = (12)

Note that expressions involving utility terms have been factored
out, facilitating 1in principle empirical applications (cf.
Gerkings and Stanley, 1986; Berger, et al., 1987).

We would generally expect % to be negative, because a
decrease in air quality would require some compensation for
utility (at the optimal level) to remain unchanged. The change
would increase health risks and welfare losses, even after the
individual makes an attempt to offset this increase, at least
partially (depending on one’'s preferences), through some budget
reallocations entailing, among others, more spending on preventive
or medical care. For ddI_ 0, the following conditions, - which seem
reasonable - should simultaneously be satisfied:

(@) W>V' -- the marginal utility of income of a non-healthy
Individual is higher than that of a healthy individual.

(b) P’aHh< Q'

That is, the change in the probability of being healthy in the
next period due to a change in air quality is higher for an ill

person than for a healthy one.

In order to apply the model to available data, an additional
simplifying assumption was made, namely that there is no
distinction between medical and preventive activities, and both
having the same unit price. Thus:

. @ au _ 8l oW, 8Hg

= o G Iy Ty

From this it follow that
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The sinplifying assunptions elimnate the rationale for the
transition probabilities, since no distinction is effectively nade
between two states of health. It is inmmediately seen that these
sinplifying assunptions render the results identical with those
obtai ned by Cerkings and Stanley (1986) and Berger, et al. (1987).
It is also readily seen that the amount of noney an individual is
willing to substitute for a given inprovement of air quality
increases as wth health risks of exposure to pollution (8H/8y).
Simlarly, it increases as the efficacy of health or preventive
care services (8H/8m) di m ni shes.

5.4 WP Estimates

The survey did not yield workable data on preventive care
expendi tures of households. W did obtain qualitative statenents
regarding “active” and “passive” responses to air pollution.

Active responses entailed a greater expenditure of time and
effort, and Included activities such as participating in
denonstrations against air pollution, witing protest letters,
shutting wi ndows, etc. About 16% of the sanple Indicated. that they
at one tine or another engaged in such active behavior, but it
woul d be very difficult to assign a nonetary value to those
activities. W did not ask any questions regarding purchases of
home air conditioners (car air conditioners are relatively rare),
because - given the climate of the country - these would be
purchased al nost solely to relieve the harsh effects of sunmer
heat and humdity. W also attenpted to find out whether pollution
affected residential nobility, but only 1.7% of respondents who
had noved in the previous two years indicated that this was the
maj or reason for changing residences. (A sinilar percentage
indicated noise pollution as the prime reason for noving.) O
course, we have no idea how nmany former residents of Haifa have
mgrated out of the region for this reason. Al of this left us
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with no alternative but to assume that only medical care budget
real | ocations matter in households’ health production decisions

Rewiting eq. (13) as (8m/dH) C (8H/8y), 1% \e estimated the
first termusing conditional probabilities. First, specifying a
logit nodel, we estimated the probability of at |east one doctor
visit during a two-week recall period prior to the interview, for
each of three health states: h=0, healthy; h=1, having synptons;
h=2, having synptons and respiratory diseases. Al the other
expl anatory variables (except AV14, see below) are dichotonous.
Medi cal services covered here include doctor visits (nostly at
primary health clinics belonging to one of the health maintenance
organi zations, the so-called “sick funds”) of the interviewee,

spouse, and children.“" Logit regressions were estimated for doctor
visits, including private consultations (separately for
respondents, spouses, and children).

Table 7

The variable representing pollution, AV14, Indicates measured

19 Assum ng the health production function enables us to wite
express it in terms of its inverse, n{Hy), nanmely, that the
conditions of the inplicit function theorem hold.

20 In Israel alnost all medical services are publicly provided,
then, unless they actually sought private nedical services, people
are usually not fully informed of the out-of-pocket expanses.

However, it is reasonable to expect that they would take
cogni zance of the time and psychol ogi cal costs involved in a
clinic visit or a hospital stay. These nay bear sone relationship
to the real economc costs of providing the service. Children
visits to a physician refer to at least one visit by at |east one
child from the respondent’s famly, since children were not
individually identified in the questions relating to health
conditions. See also footnote 15 above.
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(actual or extrapol ated) SO, concentrate i ons (inzzppb).21 The
variable AV14 is significant in every regression. Respondent s
with respiratory system problens are nore inclined to seek nedica
help, and so are fenales, respondents with no children in the 0-18
age group (probably a proxy for ol der respondents), and those of
Asian-North African origin (may also be related to belonging to a
| ower income group). The results for spouses and children were
simlar, with AV14 figuring in all of them but they have not

been used here.

Next, we specified a multinomal logit nodel to describe the
rel ationship between health state and pollution levels, where
P, = prob(hz1), and P, = prob(h=2). The results are given in Table
8. Again, as expected from the discussion in Section 2 above, AV14
is highly significant. The coefficients of the socioeconomnc
variabl es have also the expected sign.

Table 8

Viewing the medical care use probabilities as conditiona
probabilities given one’s health state, we have cal culated the
change - at mean val ues of the other explanatory variables - of
reduci ng mean AV14 by 50% (goi ng fron1yb to yl.\ﬁz.,

zZ p(doctor visit in past 2 weeks / hi) x p(hi/y=yo)

21 Since pollution data is nmeasured only at a few points in the
Haifa metropolitan region (and only SO,on a continuous basis), it

was necessary to extrapolate anbient concentrations for the rest
of the survey nei ghborhoods using an ad hoc dispersion nodel
Average concentrations were conputed for two-week  periods
preceding the date of any given interview. The two-week averages
are based on hal f-hour concentration readings

22 An alternative set of regressions was run with the variable
MAX14, representing naxinum daily concentration for the preceding
t wo-week period, but AV14 turned out to be a better predictor.
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- I, p(doctor visit in past 2 weeks / hi) X p(hl/y=y1).i=0,1,2

The decrease anounted to 2.26% percentage points, or about 8% from
present usage levels. Converting this result to expected nunber of
annual visits, and multiplying by C, the cost per visit of NS
30, 23 yields a rough approximation of WP of NS 32.43.

O course, this figure is an underestimate: (a) It does not
include visits of spouse and children; (b) it is based on a
question which asked whether there was at |east one visit during
t he preceding two-week recall period, but did not ask for the
actual nunber of visits; (c) it does not include hospitalization
cost24 or medication costs25 ; (d) finally, as explained above, it

overl ooks the labor cost savings.

An altogether different question is associated with the
nature of nedical care services in a country like [Israel, where
nost of the population Is covered by one formor another of a
subsi di zed quasi-public health insurance scheme. In this sense
i ndividual s do not have to nake budget reallocation adjustnment in
the way assumed in the nodel. However, as remarked above. time and
I nconveni ence associated with a visit to a primary health clinic
m ght neverthel ess be playing a major role, not nuch different
from that of money expenditures. This of course is another major
drawback of the enpirical results, but we surmse that CVM
valuations may have well been simlarly affected.

23 Al though no statistics are available, we believe this figure to
be close, though sonmewhat |ower than the corresponding cost of a
private consultation visit to a general practitioner.

24 Respondents were al so asked about hospitalization during the 12
month period preceding the interview for illnesses connected wth
the respiratory system but the nunber of responses was too smal
for any meaningful analysis.

25 The expected decrease in the probability of obtaining medication
resulting from pollution reduction, has been calculated to reach
17% approxi mately (a decrease from p=0.113 to 0.094).
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6. COST OF ILLNESS (CO) VALUATIONS
6.1 Consunption of Medical Services and Bed Day Losses
The CO approach nornally covers direct (expenditures on

medi cal services) and indirect (incone reduction due to work day
and productivity losses). As observed above, given that work |oss
has been neglected in the household production nmodel, we have nade
an attenpt to estinmate these |osses. Since individuals would not
directly suffer the consequences of work |oss days because of the
al most universal coverage by enployer-paid sick-day leave, this
cost is distinctly a social cost. W would not expect it to be
expressed through individual WP val uations.

A binary response nodel was used to analyze bed days during
the two week recall period. The response variable, STY, was
defined as foll ows:

STY= { 1 if respondent missed one or nore days
0 otherw se.

Al t hough our sanple was large (n=954), the results are
neverthel ess based on a relatively small nunber of observations,
since only 65 cases were respondents who reported that they were
absent fromwork for at |east one day during the fortnight. A node
was fitted with both socioeconomic and health attributes, using

backwards elimnation to fit the logistic regression. The
estimated equation is given in Table 9.

Table 9

Wien AV14 is reduced by 50% the probability of at |east one
bed day decreases from p=0.051 to 0.041, a drop of 18 percent.
Wrk |oss days at present pollution levels constitute about 1.85%
of all work days. The total expected annual savings in number of
work loss days due to pollution abatenent, AL (assum ng 300
wor ki ng days per year), is given by AL = E x 300 x 1.85 x Ap,
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where E is the nunmber of enployed persons (above age 15) in the
metropolitan region, and ap = 0.18. A simlar calculation was
performed for the non-working persons in the sanple. The weighted
nmean sanple percentage of bed days (corresponding to the working
group’s work |oss days) is 3.57.

Assigning a nmoney value to these savings, would of course
vary with the specific assunptions relevant in each case. The
present cal cul ations were based on 1987 gross wages per salaried
enpl oyee, including social benefits, of NIS 1,832 per nonth, or
$1,221 (Central Bureau of Statistics, Statistical Mnthly, April,
1988). At this wage rate, the noney value of the savings would
total NIS 10 mllion per year for the working group. For
illustrative purposes, if we also value a day of a non-working
person at 1/2 that of a working person, an additional savings of
almst NIS 8.5 mllion would be achieved, for a total of NIS 18.5
mllion. On a per household level, the expected savings would
amount to about NS 185.0

7. COVPARATI VE EVALUATI ONS
7.1 CW vs. Indirect Approaches

Several witers (e.g., Randall, 1987; Mtchell and Carson,
1989) have noted that the CVM approach deals with ex ante
val uations, while the indirect approaches are wusually associated
Wi th ex post valuations. This inplies that one therefore should

not expect to necessarily obtain close estimates in the two
approaches; but the opposite is not necessarily true, either.

Reliability of either approach (which one would supposedly be an
empirical question) night be questioned, however, if results
derived fromthe sane set of observations turn out to be vastly
different. Hence, a conparison of the results fromthe various
approaches should be illumnating. Table 10 summarizes the val ues
obtai ned under the different approaches.

Table 10
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The closeness of the valuations is quite  encouraging.
Al though the indirect approaches cover all respondents, including
zero bidders, it is assuned that the this approach yields true
val uations of protest bidders as well, and hence, the conparison
should be made with the true bidders (non zero and true zero) of
the corresponding CVM experinments (Tables 3 and 4). It should be
noted especially that the mean values of individual household
valuations in the two approaches are wthin the sane order of
magni tude (NIS 9.8 vs. 34.5 for wIPS, and 73.3 vs. 68.6 for WIP®).

7.2 Health Production, CO and CVM val uations
Al t hough very tenuous assunptions were made in applying the

househol d heal th production approach, one observes the closeness
of the results to the CVM valuations. Since the nodel neasures
responses to reduction in pollution, the appropriate conparison is
with the wrP€ valuations. Indeed, if other health and preventive
care conponents were added, the results of the wrp® conpari sons
could have turned out to be even closer.

Theoretically, the cost of illness estimtes should have at
best provided a |ower bound on WIP val uations. But this should not
have been the case in the present study, given that CO estinates
refer to social rather than individual WP, and include conponents
which do not figure directly in the individual’s decision making
process. Thus, households do not directly bear all the cost of air
pol lution damages. They are covered by medical insurance, and do
not bear the full cost of medical services. Part of the premumis
pai d by enployers and, furthernore, medi cal services are
subsi di zed by the government. In addition, paid sick-leave is
al most universal for salaried workers. But, noreover, people
clearly do not possess the kind of dose-response information which
woul d have enabled themto fully assess the econom c inpact of
exposure and disease. These facts woul d necessarily be reflected
in WIP val uations. One should also note that cost of illness
estimates are probably nore susceptible that the others to data
“mani pul ation”. The results are sensitive to what we assume about
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the appropriate values for work | oss of enployed and unenpl oyed
individuals, the ratio between privately purchased and publicly
provided prescriptions, and the cost of physician visits, etc.

In a certain sense, one mght speculate that CVM responses
represent willingness to pay to reduce the direct disutility
associated with nmorbidity, plus maybe the aesthetic disutility of
air pollution. Namely, CVM valuations are essentially the
psychol ogi cal costs associated with pollution. Indeed, results
presented el sewhere (Zeidner and Shechter, 1988) indicate that WIP
Is sensitive to anger and anxiety caused by perceived exposure to
air pollution. If this were indeed the case, then the CVM
valuations, or at least part of them should be added to cost of
i1l ness val uations!

7.3 Sonme concl uding comments
Wthin the framework of a study dealing with the valuation of
benefits from pollution abatenment, several approaches wer e

investigated. A notable feature of the present study has been the
use of the an identical data base - households, their attributes
and responses - in all three approaches. Wile contingent
val uation relies exclusively on direct question techniques, so
that survey data are a sine qua non, market demand systens are
normal |y estimated from aggregate, secondary market data. In this
study, however, the sane primary data base was used. Valid
conparabl e val uations pertaining to the same set of househol ds
were thus obtained. Since all approaches are presuned to measure
the same thing(s), one should a priori expect the results to be
cl ose.

In this vein, we view the results as rather encouraging and
believe that they provide further inpetus for the use of CVWM O
course, inproved statistics on health and preventive care should
offer an inproved basis for alternative, indirect appaoraches.

38



REFERENCES

Berger, MC., Blonguist, GC , Kenkel, D., and Tolley, GS.  1987.
“Val uing Changes in Health Risks: A Conparison of Alternative
Measures'”. Southern Economc J. 53, no. 4, 967-984.

Bishop, RC. and Heberlein, T.A  1979. “Measuring Val ues of
Extra- Market Coods: Are Indirect Measures Biased?”, Am J. of
Agricultural Economics 61, No. 5, 926-930.

Bl ackorby, C. and Donal dson, D., 1986 “an Ri sk Benefit Analysis
Provi de Consistent Policy Evaluations of Projects Involving
Loss of Life?", Economc Journal 96, 758-773.

Bockstael, N. E., Hanemann, U M, and Strand, |I.E , Jr. 1984.
“Benefit Analysis Using Indirect or Inputed Market Methods”,
in US. Environmental Protection Agency, Measuring the
Benefits of Water Quality Inprovenents Using Recreation
Demand Model s, Volume ||, Pub. # CR-811043-01-0, Draft.
Washi ngton, D.C

Brookshire, D.S., Schulze, WD., Thayer MA , and d Arge, RC
( 1982). “Valuing Public CGoods: A Conparison of Survey and
Hedoni ¢ Approaches”, Anmerican Economic Review, 72 (1),
165-177.

Chestnut, L.C. and Violette DM, 1984. Estinmates of WIIingness
to Pay for Pollution - Induced Changes in Mrbidity: A
Critique For Benefit-Cost Analysis of Pollution Regulation.
U S. EPA, Washington, D.C..

Christensen L.R, Jor genson, DW and Lan L.J. 1975
“Transcendental Logarithmic Wility  Functions” Ameri can
Econom ¢ Review, Vol. 65, 367-383.

Christensen, L.R and Manser, ME 1977. “Estimating U S.  Consumer
Preferences for Meat with Flexible Wility Function”. Journal
of Econonetrics, 5, 37-53.

Cobb, S. A 1987. Interarea Cost of Living Measurenment wth
Nonmar ket Goods: A Denmand Systens Approach. J. Ur ban
Economi cs 22, 174-189.

Cooper, B.S. and Rice, D P. 1976. “The Econom ¢ Cost of IIlness
Revisited”. Social Security Bulletin 39, 21-36.

Cropper, ML. 1981. “Measuring the Benefits from Reduced
Morbi dity”, American Economi ¢ Review 71, 235-240.

Cummings, R G, Brookshire P.S. and Schul ze WD. 1986  Val uing

Envi ronnmental Goods - An Assessnent of the  Contingent
Val uation Method. Rowran and Allenheld, Totowa, N J.

39



Dickie, M and Gerking, S. 1988. “Valuing Nonmarket Goods: A
Househol d Production Approach”. Dept. of Econoni cs,
University of Woming. M neo.

Diewert, WE. 1978. Hi cks Aggregation Theory and the Existence of
a Real Value-Added Function. in Production Economcs: A Dual
Approach to Theory and Applications, Vol. 1, M Fuss and D
McFadden (Eds.), North-Holland, New York.

Environental Protection Service. 1988. Annual Report on the State
of the Environnent in Israel, 1985-87. Nos. 13-14. Jerusal em

Freeman, A M 111, 1979. The Benefits of Envi r onment al
| nprovenent. John Hopkins University Press, Baltinore.

Gerking, S. and Stanley, L.R 1986. An economic analysis of air
pollution and health: The case of St. Louis. Review of
Econom cs and Statistics, 68, 115-121.

Gegory, R 1986. “Interpreting Measures of Economc  Loss :
Evi dence from Contingent Valuation, Experinental Studies”, J.
of Environmental Econom cs & i Managenent, 13, 325-337.

Hanemann, WM and Mrey, E. 1987. Separability, Partial Denmand
Systems and Exact Consuner’s Surplus Measures . M neo.

Harrington, W and Portney, P.R 1987. “Valuing the Benefits of
Health and Safety Regulation”. J. of U ban Econom cs 22,
101-112.

Hausman, J. A 1981. *“Exact Consuner Surplus and Dead Wight Loss”.
Armerican Economic Review 71, 662-676.

Hay, J.D. and Patel, MS. 1983. “Preventive or Cure?’. J. of
Heal th Economics 2, 117-140.

Hol | ander, M and Wl fe, D. 1973. Nonparanetric Statistical
Methods. Wley & Sons, New York.

Johansson, P.O 1987. The Econom ¢ Theory and Measurenent of
Environmental Benefits. Canbridge University Press, London.

Jorgenson, DDW and Slesnick, D T. 1987 Aggr egat e Consuner
Behavi or and Househol d Equi val ence Scal es. J. Business &
Econom ¢ Statistics 5 (2), 219-232.

Knetsch, J.L. and Sinden, J. A 1984, “WIIlingness to Pay and
Conpensati on Denanded: Experinental Evidence of an Unexpected
Disparity in Measures of Value”, Quarterly J. of Econonics,
94, no. 3, 507-521.

La France J.T. 1986. The Structure of Constant Elasticity Demand
Mdel s , Anerican Journal of Agricultural Economcs, Aug.
1986, 543-552.

40



Loehman E. 1987. Measures of Welfare for Nonmarket Goods:  Sone
Conceptual and Enpirical |ssues. Purdue University, Dept. of
Agricul tural Econonmics. M neo.

Miler, K. G 1974. Environmental Econom cs: A Theoretical Inquiry.
Publ i shed for Resources for the Future by John Hopkins
University Press, Baltinore.

Mtchell, RC and Carson, R T. 1986. Sonme Comments on the State
of the Arts Assessment of the Contingent Valuation Method
Draft Report. In CQumings, RG, et al., Val ui ng
Environmental Goods, (ibid), 237-246.

Mtchell, RC and Carson, RT. 1989. Using Surveys to Val ue
Publ i ¢ Goods: The Contingent Val uation Method. Washington,
D.C.: Resources For the Future.

Mrey, E.R  1985. Characteristics, consumer surplus, and new
activities. J. of Public Economcs 26, 221-236.

Randal |, A 1987. Resource Econom cs. New York: W] ey.

Randall, A and Stoll, J.R 1980. Consunmer’s Surplus in Conmodity
Space , American Economic Review 70 (3), 449-455.

Shapiro, P. and Smth, T. 1981. Preferences for Nonnarket Goods
Reveal ed Through Market Denmands . Advances in Applied
M croecononmics Vol. 1, 105-122.

Shechter, M 1988. The Benefits of Mrbidity Reduction FromAir
Pol lution Control. Final Science Report. Natural Resource
and Environnental Research Center, University of Haifa.
Hai f a.

Smth, K V. and Desvousges WH. 1987. “An Enpirical Analysis of
the Econom c Value of Ri sk Changes”. J. of Political Econony
95 (1), 89-114.

Variant H R 1984. Mcroeconom c Analysis, 2nd ed.. Norton, New
York.

Vartia, H 1984. “Efficient Methods of Measuring Wl fare Change
and Conpensated Income in Terns of Ordinary  Demand
Functions”. Econonetrica 51, 79-98.

Wodbury S. A, 1983, Substitution Between Wage and Non-wage
Benefits. Anerican Economic Review, 731, 166-182.
Zeidner, M and Shechter, M 1988. Psychol ogi cal Responses Towards

Air Pollution: Sone Personality and Denographic Correl ates.
Journal of Environmental Psychology. 8, 191-208.

41



Table 1  Exposure to air pollution and norbidity in adults and

children: Odds ratios and 95% confidence intervals

Synptom or di sease Qdds Lower Upper
Ratio Confidence limt
A. Respondents
Wnter cough & cold 1. 432202 0.973711 - 2.106581
Per manent cough without cold 1.718250 1.267392 - 2.329494
Wnter cough without cold 1. 434010 1.151725 - 1.785482
Per manent phl egm & col d 1. 572290 0.979119 - 2.524816
Wnter phlegm & cold 1. 400047 0.977708 - 2.004823
Per manent phl egm wi thout cold  1.347164 1.024256 - 1.771871
Wnter phlegmw thout cold 1. 282863 1.040762 - 1.581281
Cough & phl egm 1. 566648 1.247142 - 1.968010
Wnter phlegmé& cold 1. 574363 1.252040 - 1.979665
Wieezing & cold 1. 358134 1.052843 - 1.751950
Wieezi ng whil e breat hing 1. 352105 1.065619 - 1.715611
Dyspnoea 1. 802163 1.530547 - 2.121982
Rhinitis 1. 305185 1.043520 - 1.632463
Eye “infection” 1. 302482 1.030010 - 1.647031
Headache 1. 595975 1. 356035 1.878371
B. Children
Cough or phlegm & col d 1. 695780 1.209402 - 2.377761
Cough or phl egmw t hout cold 1. 922437 1.365540 - 2.706449
Cough or phl egm 1. 969765 1.528539 - 2.538353
Wheezing with cold 1.694218 1.150931 - 2.493961
VWheezi ng 1.466871 1.130402 - 1.903492
Asthma or bronchitis 1. 487382 1.139776 - 1.940998
Pneunoni a 1. 269068 1.008890 - 1.596343
Rhinitis 1.271813 1.013503 - 1.595958
Eye “infection” 1. 495645 1.109688 - 2.015841




Table 2. WIlingness to pay equations - nonzero bids only

Regression coefficients

Expl anatory variable wTP® WwTP®
Denogr aphi ¢ and soci oecononi ¢ vari abl es:
Age (years) -7.86 (0.29) -0.73 (0.073)
Sex (1=female) 55.28 (4.76)
Education (years) 12.18 (0.71)
Blue collar worker (1=blue collar) -53.33 (6.80)
Nurmber of children ages 0-18 -24.64 (2.19) -6.93 (1.56)
Ethnic origin | (1=born in AfricalAsia) 26.93 (6.20)
Ethnic origin Il (1=born in Europe) 109. 38 (6.38)
Annual municipal taxes 0.22 (0.006)
Attitudinal variables:
Perceived exposure to pollution at work
(1=yes) 81.29 (5.29) 14. 42 (4.31)
Percei ved nei ghborhood air quality (1-6) -21.14 (1.51)
Bel i eves budget share allocated to pollution
abat nent too high -382.22 (57.85) 101.72 (38.87)
Bel i eves budget share allocated to pollution
abat nent too | ow 163.85 (5.90)
Ready to devote time to public activities
concerned with pollution abatenment (1=yes) 39.62 (1.64) 5.54 (1.30)
Per ception of governnent influence on
pol | ution abatement (1=yes) -26.99 (5.90)
Pol lution induces defensive actions by
respondent (1=yes) 8.63  (4.48)
Heal th status
Perceived health status (1=not healthy) -67.55 (5.46)
Fam |y history (exc. respondent) of asthng,
pnuenonia, or bronchitis (1=yes) 24.60 (4.78) 8.81 (4.29)
Fam |y history exc. respondent) of respi-
ratory system synptonms (1=yes) 55.91 (4.58)
Adj ust ment  fact or -952. 98 (23.63) *
| ntercept 7708. 53 *
Adj. R® 0.54 0. 64

*

, Not significant.
Cough, sputum wheezing, dyspnoea



Table 3. CVM Experinments: wTp® (in NI'S, per househol d,
excluding protest zero bids, except in binary choice)

Elicitation N Mean Medi an
met hod

Sanpl e 2,518 34.5

Standard max. WP 1, 855 37.7

Repeat bids: One-tine paynent

st bids 343 26. 4
ond bids 195 67.8 (+22.2)

Annual paynent

1st bids 343 26. 4
2nd bids 195 67.8 (+22.2)
Bi nary choice 360 66. 2 65.0




Table 4. CVM Experinments: WIP® (in NS, per househol d
excluding protest zero bids except in binary choice)

Elicitation N Mean Medi an
met hod
Sanpl e 1,704 68. 6
Standard max. WP 1, 348 70.9

Repeat bids: One-tine paynent

1st bids 199 64. 2
2nd bi ds 195 89.0 (+24.8)

Annual paynent

1st bids 157 54.5
2nd bids 163 77.9 (+23.4)
Bi nary choice 360 69. 1 67.2




Table 5. Direct (CYM valuations of perceived air quality changes

(I'ncludes zero bids)

Pollution level after change

Pr esent
pol | ution
| evel Good Moder at e Poor Very poor
(a) WrP®
Mean = 26
Good Medi an= 15
N = 847
(b) WrTP® (c) WIP®
Mean =37 .9 Mean = 40
Moder at e Medi an= 28 Medi an= 28
N =750 N =749
[
(d) WIP (e) WIPe
Mean =47 .2 Mean =42 .7
Poor Medi an= 40 Medi an= 32
= 192 N =192
* Values in table refer to neans and nedi ans of the indicated

sanple air quality stratum and stated in NS per househol d

per year.

Si gni fi cance Levels:
Nonparanetric median test for 2 sanples:

Hy: WIPS (cell B) = WIP® (Cell d) veevrnenrenenennns 0.015

Hy: WTP® (cell a) = WIP® (cell c) WP (cell e).. 0.001
Paired t-test for nmeans (2 tailed):

Hy: WTPS (cell b) = WTP® (cell C)vevrrnrinrnnnnnnns 0. 001

H.: WIPS (cell d) = WIP® (cell €).vuvvuvnnennnnn... 0. 049

o



Table 6. Parameter Estimates of the Budget Share Equatlion
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Table 7. Estimated Logit Regression: Consunption of Medical Care

Services (Physician Visits) - Respondents
Expl anatory Variable Regr essi on St andar d
coefficient error

I nt ercept -4, 397 0.217
Heal th status 0.715 0. 097
AV14 0.018 0. 005
Sex (1=fenule) 0. 405 0.134
No children 0-18 yrs. (1=none) 0.588 0.134
Birth origin Asia-Africa (1=yes) 0. 346 0. 154

n = 3,612

Dependent variable: 1 = visited a physician in past 2 weeks

Health status O = healthy
1 = suffers from at |east one of synptom
2 = suffers from at least 1 disease




Table 8. Estimated Logit Regression: Health Risks and Exposure to
Pol I ution - Respondents

Expl anatory Variable Regressi on St andar d
coefficient error
[ nt ercept (hl) 0. 880 0.134
| nt ercept (hz) -0.732 0.134
AV14 0.011 0. 002
Education (1=low level, 0-8 yrs.) 0.248 0.078
Birth origin (1=Europe or Anerica) O0.285 0.072
Sex (1=fenal e) 0. 289 0. 064
No children 0-18 yrs. (1=none) 0. 254 0.088
Age of respondent (<40) -0. 845 0.120
Age of respondent (41-50) -0. 481 0.123
Age of respondent (51-60) -0. 372 0.102

n = 3612
2 _
x© = 316.5 (8 df).

Dependent vari abl e:

By

ha

suffers fromat least 1 synptom or disease

suffers fromat |east 1 disease




Table 9. Restricted activity or bed days

Expl anatory Vari abl e Regressi on
coefficient
AvV14 0.028
(0.012)

Income (1= "low' incone-below NI'S 1,300/ m.) 0. 80
(0.295)

I nt ercept -3.79

2 =24.2 (18 df).

Dependent variable: 1 = Stayed home at |east 1 day during
the past two weeks.




Tabl e 10. Conparisons Between Direct & Indirect Valuations
(Including zero bids. Man household values i n NI S)
wTP® wTp®
VM
Standard bids 37.70 70..90
Repeat bids 67.80 89. 00
Bi nary choice 66. 20 69. 10
| ndi rect
Expenditure function 9.81 73.25
Heal th production 32.43
Cost of illness (bed days) 185.0

-
Corresponding to changes in perceived pollution |evels.
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Abst r act

W exam ne the inpact of self-protection on the ex ante value of reduced
hunman exposure to an environnental hazard. Assuming a continuous distribution
of health outcones and self-protection that influences both the probability and
the severity of an undesired outcone, we develop three propositions:

1) If risk is endogenous such that self-protection influences the
probability or the severity of an undesirable outcome, then unobservable
utility terms cannot be elimnated fromthe individual’s ex ante valuation
expressi on.

2) If risk is endogenous, know edge of the convexity or the nonconvexity
of physical dose-response relations is insufficient to sign unanbi guously
the change in an individual's ex ante marginal valuation of risk, even
when consuner cognition is perfect.

3) If risk is endogenous, self-protection expenditures will not be a
consi stent |ower bound of the ex ante value that a risk-averse individua
attaches to a reduction in risk.

These three statenents inply that several propositions originally
devel oped for cases of exogenous risk and which form the analytical basis for
most recent enpirical work on the value of health risk changes are not
i mredi ately transferable to settings where endogenous risks prevail.



|. I NTRODUCTI ON

Any person who mght suffer harm from exposure to an undesirable state of
nature can reduce expected ex post costs by purchasing market insurance. Mra
hazard, however, conpels insurers to defray only a fraction of these costs
[Arrow (1963), Shaven (1979)].1L Consequent |y, individuals use self-
protection to reduce both the ex ante probability and expected costs of the
uni nsured event [Ehrlich and Becker (1972)].2L W consider the inplications of
this for nodels used to value risks to human health.

In particular, we find that:

1) Gven noral hazard, when self-protection influences the

probability, the severity, or both of an undesirable state

unobservable utility terns cannot be elimnated from the individual’s

ex ante valuation expression. Consequently, enpirical studies that

attribute differences across groups in ex ante value estimates solely

to unobserved differences in household health production technol ogies

are m spl aced.

2) with noral hazard and self-protection, know edge of the

convexity or nonconvexity of physical dose-response relations is

insufficient to sign unanbiguously the change in an individual’s ex

ante marginal valuation for a reduction in the level of the hazard,

even when consumer cognition is perfect. Therefore, we do not

support the traditional argument that those individuals exposed to

greater risk with greater income nmust place a higher value on a given

risk reduction

3) wth noral hazard, an increase in the level of the environnental

hazard does not necessarily lead to an increase in the level of self-

protection. Therefore, self-protection expenditures are not a



consistent |ower bound of the ex ante value a risk averse individua

attaches to a reduction in risk.

These three statenments inply that several propositions originally
devel oped for cases of exogenous risk and which formthe anal ytical basis for
most recent enpirical work on the value of health risk changes are not
imedi ately transferable to settings where endogenous risks prevail.’l

Berger, et al. (1987) appear to be anong the first to consider endogenous
risks in the context of human health.+Z Qur treatnent differs from their
semnal effort in tw significant ways. First, though they state the genera
continuous distribution case of risks to human health, they exam ne ex ante
value only in a world of two nmutual |y exclusive and independent states of
nature: survival or death. W extend the ex ante value concept to the genera
continuous case. By maintaining continuity throughout, we allow the individua
to choose between contractually defining states of nature or naking an effort
to alter states of nature. Spence and Zeckhauser (1972) denonstrate that the
ability to influence states of nature enhances both the ex ante and the ex post
gains from adaptation. In particular, we assume that individuals recognize
that outcones are stochastically related to actions, inplying that predictions
of behavior and the relative values that notivate it depend not only on
preference orderings over outcones, but also on preference orderings of
lotteries over outcones.

Second, Berger, et al. (1987) nodel only probability-influencing self-
protection. They disregard the severity of the health outconme being risked
even though they concede that prior self-protection can influence both
probability and severity. As pointed out by Ehrlich and Becker (1972) the

distinction between self-protection that influences probability and self-



protection that influences severity is somewhat artificial. The distinction is
often said to be nade for theoretical convenience [see for exanple Hiebert

(1983)]. In contrast, we nodel the effects of self-protection that influences
both the probability and the severity of the undesired state, and consider the

effects on the ex ante value of reduced risk.

2. THE MODEL

Consider an individual who is involuntarily exposed to a health risk under
a particular liability regime. Assune the risk is created by exposure to an
ambi ent concentration of an environmental hazard, r, taken from the rea

interval, R

Because of noral hazard, the individual cannot acquire enough market insurance
to avoid the risk completely. The individual nust decide froma real interval,

S how much self-protection, s, to undertake

G ven exposure to the. hazard, the individual is uncertain as to which, i,

of N alternative health outcomes will occur. Let
H = {hy, hy, ..., hyl} (3)

denote the outconme space where outcomes are the individual’s human health
capital returns ordered from smallest to |argest, given the individual’s
genetic and devel opment history.

Let £(hg; s, r) denote the probability of outcome i occurring given that
self-protection, s, is undertaken and that the exposure level to the

environnental hazard is r. Assune the follow ng about £(-):



Assunption 1. £(hy;s, r) >0 for every i ¢[1, . . . . N and every s € S and
r ¢ R.
Let F(hy; S, r) denote the corresponding distribution function defined

over the support [a, b]

b
F(hi; s, r) - J f(hi; s, r)dh (4)
a

where a and b are the minimm and nexi num heal th outcones. £ W assurme the

foll owi ng about F(-«):

Assunption 2: F(hy; S, r) is twice continuously differentiable ins e S and
reR for every i ¢[1, .. .. N.

Assunption 3: Fg(hy; s, ©) Sofor every sesandr ¢ Rand every i ¢[1,

Nl in the sense of first-order stochastic dom nance. L

Assunption 4: F_(hz;s, r) 2 Ofor every se Sandr € Rand every i ¢ [1,

N in the sense of first-order stochastic dom nance.

Assunption 5: No restrictions are placed on the convexity of the distribution
function in the imrediate neighborhood of an optimal [evel of self-
protection, s*, for all s e Sand r ¢ R and for every i ¢ [1, . . . . N.

The individual is risk averse with a von Neumann-Morgenstern utility index
over wealth W WW. The follow ng assunptions are nmade about UW:

Assunption 6: U is defined over the real interval (W,=] where Wis Q

Assunption 7: Lim_UW = -ED
WoW

Assunption 8 U is strictly increasing, concave, and thrice continuously
differentiable.
For each health outconme the individual mght realize, he selects a mninum
cost conbination of nmedical care and foregone work and consunption. Let

C = C(hy; s, r) (5



be his ex ante expectation of realized costs which depend on the uncertain

heal th outcome, self-protection, and the exposure |level to the hazard. Assume

the foll owing about c(.):

Assunption 9: C is strictly decreasing, convex, and thrice continuously
differentiable ins e Sfor everyi ¢[1, . . . . N such that ¢ <0 and

c > 0 for all h ¢ H.

SS
Assunption 10: C is strictly increasing and thrice continuously differentiable
inr eRfor every i €[1, ..., N such that ¢, > 0. No restrictions,

however, are placed on €., and Ccg, for all h e H

r
G ven inconplete insurance purchases, intertenporally separable utility,
and constant expected prices for medical care, the individual’s choice problem

is then

b
Max [J U(W - C(h; s, r) - s)dF(h; s, r)]. (6)
S a

Note that the price of self-protection has been nornalized to unity. The
subscript i is suppressed to maintain notational sinplicity.
Gven the nodel, we are now able to develop the propositions stated in the

i ntroduction.

3.  EX ANTE VALUE AND W LLI NGNESS-TO PAY

3.1 Endogenous Risk. A few recent refinenents to the willingness-to-pay

approach to valuing environmental hazards have acknow edged the frequently
endogenous form of the problem For exanple, Rosen (1981), Berger, et al
(1987), and Viscusi, et al. (1987) note that self-protection affects surviva
or injury probabilities, while Shibata and Wnrich (1983) and Cerking and
Stanley (1986) allow self-protection to influence the severity of ex post
damages. In a nonstochastic world or in an uncertain world with only two

5



feasible states, these studies denonstrate that marginal wllingness-to-pay can
be expressed solely in terms of the marginal rate of technical substitution
between hazard concentrations and self-protection. This result cannot be
generalized to a continuous world wth endogenous risk.
Proposition 1: Gven the nodel assunptions, when self-protection
influences either the probability or the severity of health outcomes
or both, the individual's marginal wllingness-to-pay for reduced
risk cannot be expressed solely in terns of the narginal rate of
technical substitution between anbient hazard concentrations and
self-protection. In particular, unobservable utility terns cannot be
el imnated from expressions for the ex ante value of reduced risk.’l
Proof: To show that for a continuous distribution the individual’s
conpensating variation statement of wllingness to pay for reduced risk
includes the unobservable utility terns, we examne self-protection that
influences either the distribution or the severity (costs) of the health
out cones or bot h.

First, maximze the expected utility index (6) by selecting an optina
| evel of self-protection s ¢ S yielding the followng first-order condition for

an interior solution

Ev, = -E[UC.] + I:UwCthdh. (7
The left-hand side of (7) represents the marginal cost of increased self-
protection in ternms of the utility of foregone wealth. The right-hand side
reflects two types of marginal self-protection benefits: the first termis the
direct utility effect of enhanced wealth resulting from reduced expected ex
post costs; the second termis the indirect utility effect of a stochastically

dom nating change in the distribution of health outcones.

6



The indirect effect was derived by integrating by parts the effect of

self-protection on the distribution

b b b
J U(+)dF_(+) = UF_|_ + J U C F_dh
a s s'a a Whs,

b
- Jauwchrsdh,
since Fg(aj;+) = Fg(b;+) = 0. Assune that inproved health outcomes will
decrease the ex post costs, €, <O0.

Solve for the conpensating variation statement of the willingness-to-pay
for reduced risk by totally differentiating the expected utility index (6), and
then applying the first-order condition (7). Wen self-protection influences
both the probability and severity of health outcomes such that Fg < 0 and Cg <
0, the willingness to pay expression is:

v IUwChFrdh - Iuwcrdr . (5
dr Ju C.F dh - fu C_dF ’
. w S w s

h

~

where all integrals are evaluated over the support [a, b]. Qoviously, the

unobservable utility indexes cannot be renoved from the individual’s

willingness to pay expression (8).

Even the assunption of a sinple two state world fails to renove the

utility ternms from (8). For exanple, let n(s, r) and (1 - n(s, r))

respectively represent the subjective probabilities of healthy and of sick

states. Let Ug(W - s) and U;(W - s - C(s, r)) be the expected utility of being

heal thy or sick, where Ug > U;. The individual thus chooses s € S to maxin ze
EU = n(s, r)Ug(W - s) + (1 - n(s, r))Uy(W - s - C(s, r)). (9)

Following the sane steps as before, the willingness to pay expression is
n [U, - U] - (1 - mU!IC
%g - ﬂr[Uo - Ul] - (1 - n)U%Cr > 0, (10)
s 0 1 0"s -

7




where =, < 0, ng > 0, U} = au,/sw, and Uy = aug/aw. Again, utility terns
cannot be renoved.

Next allow, as do Gerking and Stanley (1986), self-protection to influence
the severity, Cg < 0, but not the probability, ¥Fg =0, of health outcones.
Further assume that F, - 0 which, with Fg = 0, inplies that neither collective
nor individual actions will influence the probability of a particular health

outcone, i.e., hazard concentrations resenble sunspots or the phases of the

moon. Wth these assunptions, expression (8) reduces to:

aw E(u.C_] [?mecr - cov(U_, cr):} - "

dr Eluc ] | EUEC - cov(U_, C)
w s w S w S

For the unobservable utility terms to be absent from (11), the two covariance
expressions nust be zero;, however, our nodel assumptions do not allow them to
be zero. Therefore the two utility terms cannot be renoved

Finally, assume, as does Rosen (1981), that self-protection affects
probability, Fg < 0, but not severity, €g = 0. In Rosen's (1981) terms, one
cannot be nore severely dead. For sinilar reasons, ¢, = 0. Under these

condi tions, expression (8) reduces to:

o _ Ju C F dh (12
dr iUwCthdh ’

and again the willingness-to-pay expression cannot be rid of the unobservable
utility terms, which concludes the proof. *Z

V¢ could examine additional cases. For exanple, self-protection mght
influence only the probability of a health outcone, but hazard concentrations
could affect probability and severity, or vice versa. The results would not
change: utility ternms would loomup in the willingness-to-pay expressions
inplying that policy efforts to aggregate across individuals and to account

8



simul taneously for the reality of probability and severity unavoi dably involve

interpersonal utility conparisons.

3.2 Nonconvex Dose-Response Relations. Proposition 1 poses hurdies to

procedures which would establish a social risk-benefit test by sunm ng

unwei ghted conpensating or equivalent variations across i ndi vi dual s. *Z Yet

anot her problem for consistent aggregation is the anbiguous effect that a
change in hazard concentrations has on the sign of conpensating variation. In
a contingent valuation study of the risk valuations attached to hazardous waste
exposures, Smith and Desvousges (1986, 1987) report increasing margina
valuations with decreasing risk. This finding is but the latest in a 15-year
long series of analytical [Starett (1972), Wnrich (1981)] and enpirica

[ Crocker (1985), Repetto (1987)] papers which use prior information on physica
dose-response relations, individual abilities to process infornmation about
these relations, or individual perceptions of the relations to produce a
declining marginal valuation result for nmore of a desirable commodity.

However, when risk is endogenous, no one has yet asked whether convexity of the
margi nal value of risk follows when cognition is not an issue.

An individual’s conpensating variation can be shown to be ambiguous in
sign even if the strongest possible case for negative effects of increased
hazard exposure is inposed. To illustrate, define strong convexity as follows.
Definition 1. Strong convexity of risk is defined as: convex ex post cost,

Cir > 0; convexity of the distribution function, Frr > 0; and declining
mar gi nal productivity of self-protection, €5, >0, €, >0, Cgy > 0 and

Fsr > 0. Strong nonconvexity describes the conditions nost favorable for the
traditional argunent that increased risk requires progressively increasing
conmpensation to maintain a constant |evel of expected utility. Increased

9



exposure increases the probability and the expected ex post costs of
undesirable health outcomes to the hazard at an increasing rate; noreover, the
mar gi nal productivity of self-protection is decreasing across the board

The opposite case is strong nonconvexity. Strong nonconvexity defines the
weakest case for negative effects of increased exposure to the hazard.
Definition 2: Strong nonconvexity of risk is defined as: nonconvex ex post
cost, C.p < 0; concavity of the distribution function, F.. < 0; and increasing
mar gi nal productivity of self-protection, Cgp < 0, Chr < 0, €sh < 0 and

F.. < 0.19L

ST
The follow ng proposition states the result:

Proposition 2. Even in the absence of cognitive illusions or failure to
consider all scarcity dinensions of the risk-taking problem a maintained
hypot hesis of strong convexity of risk is insufficient to guarantee that
increased exposure to a hazard requires progressively increasing
conpensation to maintain a constant |evel of expected-utility. Simlarly,
strong nonconvexity is insufficient to guarantee progressively decreasing
conpensat i on.

The proposition is supported by Dehez and Dreze (1984, p. 98) who show
that the sign of the nmarginal wllingness-to-pay for safety given an increase
in the probability of death is generally anbiguous. Dreze (1987, p. 172)
concludes that any assertions about this sign given a change in safety “...nmust
be carefully justified in terms of underlying assunptions”.

Proposition 2 contradicts the argument of Winstein, et al. (1980) and
others that individuals at greater risk must have a greater demand for safety.
Consequently, contrary to Rosen (1981), individuals at greater risk with

greater wealth cannot necessarily be weighted nmore heavily when risk reductions

10



are valued. Simlarly, the assertions by Kahneman and Tversky (1979) and Snith
and Desvousges (1987) that increasing marginal wllingness-to-pay for reduced
risk constitutes a |apse from rational econom c behavior are not supported.“i
Proof: To dermonstrate that an increase in hazard concentration has an
anbi guous effect on an individual's conpensating variation, differentiate the
conmpensating variation in expression (8) with respect to the hazard exposure:
d(dw/dr)

1 2 - -
dr Q E[wacr Uwcrr] ZI[UWCrCh Uwchr]Frdh

+ juwchrrrdh:]

(13)
A
+ QZ E[Uwcscr - Uwcsr] M “Uwchr - wachcr]Fsdh
+ J[Uwcscr - Uwcsr]Frdh + IUwCthrdE]’
wher e Q= waCthdh - IUwCde >0,

4 = fuCFdn - JUCdF <O,

and alf integrals are evaluated over the support [a, b].

The terns on the right-hand side of (13) can be defined in terms of direct
and indirect utility effects given an increase in exposure to a hazard. @ > 0
and A < O represent the combined first-order direct and indirect utility
effects of s and r. The first and fourth terns in (13) represent second-order
direct utility effects on expected costs with an increase in exposure. Gven
strong convexity, the sign of the first termis negative. The sign of the
fourth termis anbiguous in the sense that alternative parameterizations are
concei vabl e in which either U,CgC, Or UL, doninates in absolute magnitude
The second, fifth, and sixth terns are second-order direct and indirect utility
effects weighted by the marginal effect on the distribution of either s or r.
G ven strong convexity, the signs of all three ternms are anbiguous in the above

11



sense. Wthout prior information on the magnitude of the narginal effects on
the expected cost function, there is no reason to expect one termto domnate
The third and seventh ternms represent the second-order indirect and cross-
indirect utility effects of increased exposure. By the definition of strong
convexity, the sign on both terms is negative. Wthout knowing the relative
magni tude of all the direct and indirect utility effects, however, strong
convexity is insufficient to sign (13) unanbiguously. Likewise, the assunmption
of strong nonconvexity is also insufficient to sign (13). Wether one inposes
strong convexity or strong nonconvexity the sign of (13) is ambiguous.

Al though sufficient conditions for increasing or decreasing marginal
willingness-to-pay can be determned, there is, in the absence of prior
information or sinple ad hoc assunptions, no reason to expect that one or two

terns will dom nate expression (13). This concludes the proof.

3.3 Self-Protection Expenditures as a Lower Bound. Consi deration of self-

protection has not been linmted to problems of ex ante val uation under
uncertainty. A substantial literature has energed, e.g., Courant and Porter
(1981), and Harrington and Portney (1987), which denonstrates that under
perfect certainty the marginal benefit of a reduction in a health threat is
equal to the savings in self-protection expenditures necessary to maintain the
initial health state. This result cannot be extended to the uncertainty case
when sel f-protection influences both ex ante probability and ex post severity.
Proposition 3: Neither strong convexity nor strong nonconvexity of risk is
sufficient to sign the effect of a risk change upon self-protection
expenditures. Therefore these expenditures cannot be used to determne
the welfare effect of a risk change
Proposition 3 contradicts Berger et al.'s (1987) argunent that if
increased exposure increases the marginal productivity of self-protection
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Fgr < 0} then self-protection will increase with exposure. Consequently,
Berger, et al.'s (1987 p. 975) sufficient conditions for “plausible” results do
not hold when self-protection influences both probability and severity.

Proof: To denobnstrate that strong convexity is insufficient to determne
the effect increased hazard exposure has on self-protection, take the first-

order condition in equation (7) and apply the inplicit function theorem The

effect of increased exposure on self-protection is

ds E - -
iz "~ E[wacr(l + cs) Uwcrs] + I[Uwcs wach(l + Cs)]Frdh

L= h
(14)
- J’[Uwchr - waCrCh]Fsdh + waCthrdh /D
wher e
D = E[wacs(l + cs) - Uwcss} + 2I{Uwcsh - waCth]Fsdh
(15)
-IwaCthdh + IUwCthsdh <0
and all integrals are evaluated over

sufficient condition of the maxim zation problem (6), and is assumed to hold
whenever (7) holds.

Gven D < 0, the sign of (14) depends on the sign of its right-hand-side
nunerator. The first termin the numerator of (14) is the direct utility
effect of increased exposure on expected costs. Gven strong convexity of risk
and (1 +¢cg) >0 fromthe first-order condition, the sign of the first termis
negative. The second termreflects the indirect utility effect of increased
exposure on the distribution. Gven strong convexity, its sign is ambiguous in
the earlier defined paraneterization sense. The third termis a direct utility
effect weighted by the narginal effect of self-protection on the distribution
(Fg < 0), and its sign is also anbiguous. The signs for the second and third
effect are ambi guous since there is no a priori reason to believe that any one

set of terms domnates the others. The fourth termin the nunerator is the
13



cross-indirect utility effect of increased exposure. Gven strong convexity,
its sign is negative. Therefore, without prior information on the relative
magni tudes of the four direct and indirect utility effects, strong convexity is
insufficient to sign (14) unanbiguously. Gven the conditions nost favorable
to the traditional argument that increased risk will increase self-protection,
we still require prior information on the inpact that increased exposure has on
the marginal productivity of self-protection to support the argunent.

Foll owing the |ogic above, an assunption of strong nonconvexity of risk
leads to a simlar conclusion of an ambiguous effect of increased exposure on
sel f-protection. Consequently, since self-protection nay decrease as exposure
to a hazard increases, self-protection cannot be considered a consistent |ower
bound on the ex ante value a risk averse individual attaches to a reduction in

risk.  This concludes the proof.

4. CONCLUSIONS AND | MPLI CATI ONS

| ndividual s and policymakers use self-protection activities to influence
both their ex ante risks and their expected ex post consequences  The
inplications of this for nodels used to value risks to human health are
unequi vocal |y negative. W show that unobservable utility ternms cannot be
elimnated from marginal wllingness-to-pay expressions, inplying that
enpirical efforts which identify marginal rates of substitution wth
willingness-to-pay are msdirected. W also show that even under the nost
favorable restrictions increased risk need not inply progressively increasing
| evel s of conpensation in order to restore initial utility levels.
Consequently the traditional argument that those who are exposed to greater
risk and have greater wealth nust value a given risk reduction nore highly does

not follow. Finally, we denpbnstrate that increased risk need not inply
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increased self-protection expenditures; thus changes in these expenditures may
not bound the value of a risk change.

Some succor for health risk valuation efforts could be obtained by
steppi ng outside professional boundaries to draw upon prior information from
psychol ogy, bionedicine, and other disciplines. |Insight mght therefore be
gained into the signs and the relative nagnitudes of many terns in expressions
(13) and (14). It is odd that the field of econom cs which explicitly
recogni zes the policy relevance of inconplete markets has historically been
reluctant to use information from other disciplines in order to sinulate the
valuation results of a conplete market. W recognize that there is a grow ng
trend to incorporate restrictions drawn from other disciplines into the
behavi oral postul ates of econom c nodel s. 12/ The results of this paper suggest
that the incorporation process should be accelerated.

Incorporation will not overcome, however, the aggregation problenms posed
by the presence of wutility ternms in individuals’ wllingness-to-pay
expressions. Approaches to aggregate risk-benefit analysis do exist other than
the mechanical summation of consuner surpluses calculated from the singular
val ue judgerment that social welfare and aggregate total income are synonynous.
Gven that individual consunmer surpluses can be estimted, one possibility is
to draw upon the extensive equivalence scale literature, e.g., Deaton and
Miel | bauer (1986), in order to weight each individual or household. Tradeoffs
can then be evaluated using an explicit social welfare function which
recogni zes that personal health is in part self-produced and inalienable.

Alternatively, utilities mght be calculated directly.
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10.

11.

12.

FOOTNOTES

Mral hazard refers to the tendency of insurance to influence an
i ndividual’s incentive to prevent |o0ss

Self-protection includes everything from installing hone water filters in
order to reduce pollutant concentrations in drinking water to nedical care
and the use of tort law. [See Laffont (1980), Crocker (1984)].

The enpirical human health valuation literature typically assumes that
health risks are: (i) independent of individual actions; and (ii) usually
for the sake of analytical and enpirical tractability, individuals require
progressively increasing |evels of conpensation to maintain constant
expected utility when confronted by increasing risk. Jones-Lee, et al.
(1985), for exanple, enbodies both conditions. W argue these assunptions
are unnecessarily restrictive in the sense that they stretch the ability
of econom c analysis to cover the domain of risky phenonena

Psychol ogi sts agree that individuals perceive that they have substantial
control over uncertain events [Perlmuter and Mnty (1979)]. Stallen and
Tomas (1984) conclude that “... the individual is not so nuch concerned
with estimating uncertain parameters of a physical or material system as
he is with estimating the uncertainty involved in his exposure to the
threatening event and in opportunities to influence or control his
exposure” [enphasis added].

The [a, b] interval could also be influenced in subsequent periods by
sel f-protection. W disregard this issue.

Subscripts represent partial derivatives.

Assunptions of a risk-neutral individual with an identity map of ex post
costs would elimnate the unobservable utility expressions. These
assunptions seem excessively restrictive

One might elimnate the utility terns by using the pointw se optim zation
technique that Mrrlees (1974) and Holmstrdm (1979) enploy. However

poi ntwi se optimzation evaluates self-protecting choices individually at
each and every health state rather than in terns of lotteries over health
states. It thus adopts an ex post rather than an ex ante perspective.

See Polemarchakis, et al. (1986) for thinking on aggregation under
exogenous ri sk.

Rogerson (1985) assumes that the distribution function nust generally
satisfy the convexity of the distribution function condition (CDFQC).
Therefore, the assunption of a concave distribution in r and s is perhaps
restrictive. As shown by Jewitt (1988), however, the CDFC assunption is
not universally required in that it satisfies very few of the standard
distributions set forth in statistics textbooks

G ose inspection of the questionnaire formats upon which these assertions
are based reveals that respondent opportunities to influence risk and/or
severity were not fully controlled.

See Warneryd (1986), \Winstein and Quinn (1983) and Snith and Johnson
(1988), for exanple.
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THE ECONOM CS OF QUARANTI NES: AN APPLI CATION TO PESTI G DE REGULATI ON

One of the mpst common practices for dealing with hazardous situations is
sinply to renove the hazard from human proximty, either spatially or tenporally.
Such policies can be termed quarantines. The classic case is that of contagious
di sease control, where infected individuals are kept apart from vul nerable
individuals until the threat of contagion has passed. Qher exanples include
I mprisoning dangerous crimnals; |ocating hazardous industries (e.g., mlitary
testing grounds, nuclear power plants and other hazardous activities) in remte
areas; keeping dangerous chem cals, high voltage equi pnent, etc. in | ocked or
otherwi se inaccessible locations; and keeping workers out of areas recently
treated with pesticides.

Any quarantine involves tradeoffs that nust be eval uated whether the
decision naker is a governnent agency or an individual concerned with self-
protection from sel f-generated hazards. The benefits of quarantines obviously
consist of reductions in hazard. But quarantines typically have costs as well
such as additional disconforts and | ost wages of contagious patients or
productivity |osses from suboptimal siting or scheduling. These tradeoffs nust
be evaluated in determning the appropriate paranmeters of a quarantine, that is,
the length of time and/or location restriction. This paper devel ops a framework
for optimal quarantine determnation and applies it to a w despread form of
quarantine, re-entry regulation of pesticide-treated fields. Section | contains
a nodel of optinmal quarantine determnation. Section Il nodels optimal timnng
of pesticide application wunder re-entry regulation. Interestingly, the

inposition of re-entry regulation may make it optimal for farmers to switch to



prophyl actic treatnent of pests, a practice which has been widely criticized as
inefficient in the literature on pesticide use. Section Ill applies this nodel
to the case of pre-harvest intervals in apple production in three major producing
states. Section |V devel ops a nodel of acute poisoning from exposure to
pesticide residues under different re-entry intervals. Section V conbines the
production and health nmodels into a tradeoff nodel which is then used to obtain

a rough evaluation of current policy.

. Optinmal Quarantine Determnation

Ceneral 'y speaking, quarantine have both a spatial and a tenporal
dimension: how far away the hazard is sited and how | ong the quarantine |asts
Cont agi ous di sease quarantines have both: one nust decide where to locate
infectious patients relative to other patients and the general popul ations well
as how long to continue isolation. Penal policy also does: prison |ocation and
l ength of sentence will both depend on how dangerous a crimnal is. In other
cases, one of these dimensions may be irrelevant. |In pesticide regulation, for
exampl e, only the tenporal dinmension may matter: many pesticide residues are
absorbed by touch and therefore the hazard affects only those entering a treated
field. In siting of mlitary testing grounds, nuclear power plants or other
hazardous facilities, on the other hand, only location matters

Let D represent the spatial dinmension of the quarantine and T the tenpora
dimension. Let Z represent a consunption or production activity affectedly the
quarantine.  The benefits of consunption or production, B(Z D T), depend on Z
and on the quarantine paraneters D and T, as does the level of hazard, HZDT).
Let WB(Z,D,T), HZDT)] denote the utility function of an individual facing

a hazardous situation or a social welfare function. The relevant decision



problemis to choose Z, D and T to maximze utility or social welfare. This is
typically acconplished in two stages. First, mcroeconomc theory is used to
derive a nodel of optimal consunptive or productive behavior conditional on the
quarantine paranmeters D and T. The resulting behavioral nodel is subsequently
used to derive the optinmal policy parameters.

Formal |y, letting subscripts denote derivatives, the necessary conditions
are

(la) WgBy + WygH; = O

(1b) WgBp + WyHp, = O

(le) WgBy + WyHy = O,
The two-stage procedure described above consists of first solving equation (1a)
to get the optimal level of consunption/production activity contingent on the
quarantine, Z*(D,T), and then choosing D and T to maximze WB(Z*(D,T),D T),
H z*(D,T,),D T)] according to the necessary conditions

(2a) Wz(BzZy + Bp) + Wg(HzZp + Hp) = O

(2b) Wg(By2; + Bg) + Wy(HzZp + Hp) = 0.

The case of pesticide regulation considered belowis investigated by first
deriving profit-maxi mzing pesticide use patterns conditional on tenpora
quarantine restrictions, Z*(T), and farmprofits, B(Z*(T)). The risk of acute
or ganophosphat e poi soning of farmworkers is nodeled as a function of pesticide
use, H(Z*(T)). These two conponents are conbined into a tradeoff curve under
an assunption of equal welfare weights on farmincome, B(Z*(T)) , and worker
safety, H(Z*(T)), that is Wg - Wg. Finally, this tradeoff curve is used to
derive the optimal length of the quarantine T* under different environmenta
condi tions.

(One can conceptual ize distance-related quarantine problens in the sane way.



For exanple, the size, operating procedures and transmssion |ine requirenents
of a nuclear power plant may depend on the distance between it and the popul ation
and industrial centers it serves, so that one would begin with a relationship
between these factors and quarantine distance, Z*(D): The risks posed by the
plant, H(Z*(D), D) depend on the quarantine distance D and the operating
characteristics of the plant, Z*(D). These two can be conbined using the
appropriate welfare weights W and Wy to obtain a tradeoff relation that can then
be used to determne the optimal distance D*.

In sum even in regulatory contexts it is typically necessary to solve
private optimzation problens prior to considering the social decision problem
since the private optimzation problens are crucial elenments of the tradeoff
rel ati ons needed. Moreover, close interdisciplinary. cooperation is often
required to specify the hazard functions H since they depend in conplex ways

on conbi ned econom ¢, environmental and bionmedical factors.

[1.  Crop Production Under Re-Entry Regulation

One of the nost conmon neasures used to protect farm workers and ot her
rural inhabitants from the health hazards posed by applied pesticides is to
forbid entry into treated fields for a specified period of tine during which
pesticide residue |levels (and hence health risks) are thought to be excessive.
Simlar regulations aimto protect consuners as well by forbidding harvest for
a specified interval after application of pesticides. O'ten, these re-entry
regulations lead to reductions in growers’ incones by preventing optimal
scheduling of harvest or intraseasonal activities like pruning or irrigation,
causing decreases in yield, quality or price received for the crop. Thus

whet her the decision naker is a governnment agency charged with protecting farm



workers or a farmer deciding whether to work in his/her own field, the
determ nation of an appropriate re-entry interval hinges on the choice of a
tradeof f between risks to hunman health and safety, on the one hand, and the
econom ¢ | osses induced by regulation on the other.

For the sake of sinplicity, we concentrate on the problem of re-entry
regul ations affecting an individual farner’s harvest of a perishable crop
(fruits, vegetables), the kind of crop to which this formof regulation is
applied nost often. W assune that benefits B are restricted to farmprofits,
which are a function of pesticide use Z, itself a function of the re-entry
interval T. W assune also that the farner applies the pesticide at a standard
application rate and focus on the determination of the timng of the application

Assune that there is a time t, representing the earliest date at which the
crop can be harvested; prior to t,, the crop will be immature and hence not
harvestable.  Assune also that after to, the value of the crop declines because
of decreased quality or because of price decreases due to seasonal increases in
aggregate production, so that the farner’'s revenue i s maxinzed by harvesting
at to. Formally, this inplies a revenue function R(t) such that R(ty) - max
(R(t)) - R*, and, letting subscripts denote derivatives, R, < 0 and R,, = 0 for
t >ty,. Production costs, including pesticide materials and application costs,
will be assumed to be constant and will thus be ignored

Now assune that a pest appears at a time t, shortly prior to the optim
harvest time to. If left untreated, the pest will danage a proportion of the
crop which will then be unsal abl e. The larger the pest population is, the
greater the level of damage will be. This damage can be avoided by treating the
crop with a pesticide. To sinplify matters, assume that only a single standard

treatment is available at a negligible cost. If the farmer treats the crop



I mredi ately upon arrival of the pest, i.e. , chooses a treatnent tine ¢, - t,, the
pest will be effectively eradicated and damage W || be essentially reduced to
zero. If, on the other hand, the farmer treats the crop before the pest arrives
(tg < t,), the pesticide will decay; its effectiveness will be reduced by the
time the pest arrives and the farmer will sustain sonme crop losses. The |onger
is the interval between treatment and the arrival of the pest, the greater wll
be the decay of the pesticide and the damage caused by the pest.

These characteristics can be represented formally by letting the proportion
of the crop danmaged by a pest popul ation of size k be a function g(k,t, - t,),
where t, - t, represents the tine el apsed between treatnent and the arrival of
the pest. The preceding discussion suggests that g > 0, g > 0 and g(k,0) = 0
Pesticide decay curves are typically convex, so that one woul d expect get = 0 as
wel |

There are two types of treatnent strategies available to farmers: a
reactive strategy of applying pesticides upon the arrival of the pest, and a
prophyl actic or preventive strategy of applying pesticides in anticipation of
a pest problem  The reactive pest nmanagement strategy wll maxinize profits
whenever it is feasible, which inplies an optiml choice of t, = t, whenever T
<ty - t,. If the re-entry period T is sufficiently long, however (specifically
T>¢ty, - t,), following the reactive treatment plan may force the farmer to delay
the harvest and thereby |ose revenue. In this case the farmer faces a tradeoff
between | o0sing revenue from crop danage and | osing revenue from harvesting
del ays. Under sone conditions, it may become optimal for the farner to adopt
a prophylactic treatnent strategy. Wile this practice has been nuch naligned
in the pest managenment literature, rigidities is scheduling such as those inposed

by re-entry regulation may make it desirable for farnmers



Sone casual enpirical evidence supports the notion that re-entry intervals
actual ly provide a notivation for prophylactic treatnment strategies. In Oregon,
plum growers expecting to need to use parathion for end-of-season codling noth
control typically apply the chenmical 14 days -- the length of the pre-harvest
interval -- prior to the projected harvest date, regardless of whether the pest
is in evidence.

It should be clear that the farmer will never treat any earlier than needed
to be able to harvest at time ¢, i.e. , that ¢, =2¢, - T; treating any earlier
than ¢, - T would inply accepting greater damage in return for no gain in revenue
and is thus less profitable than treating at ¢, - T. It should also be evident
that the farmer will always harvest the crop as soon as possible, that is, at
| east as soon as the re-entry period has ended. |f the re-entry constraint is
non-binding, then the harvest time will be t,. |f the re-entry constraint is
binding, then the harvest will occur T periods after the treatnment tineg;
normal i zed (wthout |oss of generality) to fit the revenue curve R This can
be witten tg + T - ¢t,.

The pesticide use patterns adopted and revenues earned by the farner thus
depend critically on whether or not the re-entry interval constitutes a binding
constraint. If it does not, then a reactive treatnent strategy is always
optimal, &, - t,, the crop will be harvested at t, and revenue will be R*. If
it does, the farmer will face a tradeoff between crop damage and decreased
revenue. The optimal pest management strategy will be determned by the choice

of a treatnent tine t, which nmaxinizes realized revenue, given by:
(3) [1- gk, t, - t)JR(e, + T - ty)

subject to the constraint:



(4) tg- T =ty =< t,.

Because the convexity of the pesticide decay function nakes the danage
function g(k,t, - t;) convex, the realized revenue function (3) will be convex
unless R is quite strongly concave. Thus , the optinal treatment plan nust be
anal yzed according to two cases.

Case 1. The nost likely case is that realized revenue (3) will be convex,

so that the optinmal treatnent time will be either the maxi mum or m nimum possible

time, that is, either ¢, or ¢ -T. In essence, or course, this constitutes a
choice between reactive (¢, = t,) and prophylactic (t, - t, - T) treatnents. The
farmer will choose the one which gives the greatest profit. |If ¢, - ¢t,, there

will be no damage (g = 0) but the farmer will have to wait until ¢, + T - t5to
harvest and will thus realize a revenue of R(t, + T - tg). If €5 - t5 - T, there
wll be damage g(k,t, + T - ¢t4); the farnmer will harvest at t, and thus realize
arevenue [1 - g(k,t, + T - ) ]R*. |f the difference between these two realized

revenues,
(5) V=rR(t, +T - tg) - [1- g(k, tg + T - tg)]R*

is positive, the farmer will adopt the reactive strategy and treat at t,. If it
s negative, the farmer will adopt the prophylactic strategy and treat at t, -
T. An increase in the size of the pest population k will increase V and thereby
make the farmer nore likely to adopt a reactive strategy. An increase in the
re-entry interval T, though, will increase Vonly if the marginal increase in
the proportion of the crop danaged by treating earlier (g.,) is less than the
margi nal increase in the proportion of revenue lost by treating |ater (Rt/Ri).

Thus , if g, > R,/R*, an increase in T will make the farmer more likely to adopt



a prophylactic strategy. An increase in the internal between the arrival of the

pest and the optimal harvest data, that is, in ¢t - t,, wll, of course, have

precisely the opposite effect of an increase in the re-entry interval T.
Case 2: If the revenue function R( ) is sufficiently concave to nake
real i zed revenue (3) concave, the profit-maximzation problem will have an

interior solution defined by:
(6) g.R+ (1 - g)R, =0
with sufficiency assured by:

(7) Q=g R+ (1 - g)R,, =0

which holds by assunption. It is readily apparent that an increase in the re-
entry interval will lead the farmer to treat earlier (dt,/dT - -[R, g, +

(1 - g)R.l/Q ¢ 0), thereby accentuating the tendency toward prophylactic
treatment. If, as one would expect, the increase in damage from treating earlier
is greater for larger pest populations than for smaller ones (i.e. , gy = O, an
increase in the pest population size will induce the farmer to treat |ater
(dty/dk = - [ g R- g R, ] /Q> 0), thereby reducing the tendency toward
prophylactic treatnent. As before, an increase int, - t, Will have the opposite

effect of a increase in T.

[1l. Pesticide Use in Apple Production

Consi der the case of re-entry regulation of organophosphate insecticides
used to protect apple crops frominfestations of codling noth |arvae from noth
flights shortly prior to harvest. The yield and quality of the apples is assuned

to increase up until the maturity date ty, which is the earliest date at which



the crops nay be harvested. After ty, yield and quality will remain constant
for a considerable length of time. However, the price the farmer receives for
the crop will decline as time passes because the aggregate supply of apples will
increase as producers in other regions harvest and market their crops. This
price decline will continue until the price of apples for fresh consunption
equals the price for processing uses, at which point the price will remain
constant. An analysis of the intraseasonal trends in farmlevel apple prices
in three mgjor producing states (Washington, Mchigan, California) indicated that
this price decline is convex and could be represented well by an exponential
tune. Thus , the price received by a grower harvesting a full crop at tine t
zty 1S Rrexp(-a(t - tg)).

The threat posed by a late-season flight of codling moths consists of an
infestation of larvae in the fruit, i.e., of worny apples. This threat can be
all eviated by using organophosphates to kill the noths before they lay eggs.

“Standard doses of these pesticides are typically applied; wthout |oss of
generality, normalize this standard dose to unity. Pesticide decay rates are
typically nodel ed as exponential curves, so that the proportion of the pest
popul ation killed by a treatment applied at t, i s exp{-b(t, - t,) and the
proportion surviving is 1 - exp(-b(t, - t,))}. Assune that all infested fruit is
unsal able and that the proportion of the crop damaged is proportional to
survivorship. Letting k represent the proportion of the crop damaged by a noth
popul ation of standard size, the damage function g(k,t, - t,) Will be in this
case k[l - e{-b(t, - t.)}].

The realized revenue function (3) in this case will thus be:

(8) R = R* exp({-a(ty + T - tg)} (1 - k[l - exp(-b(t, - t4)})

10



which is obviously convex. The difference in profit between treating at t,

and treating at t, is thus
(7) V = R¥exp{-a(t, + T- tg)} - R¥(1 - k[l-exp{-(t, + T - ty)}]).
which will be positive whenever

k> [1 - exp{-alt, + T - tg))]1/[1 - exp(-b(t, + T - tg)}] = k,

and negative whenever k < k.. The optinmal treatnment strategy is thus:

t , k>k
9) t =4° ¢
s €, -t k<k

In addition to the conparative static results fromthe general case it is
straightforward to show that the faster the price declines over the season, the
more likely the farmer is to adopt a prophylactic strategy (dv/ da < 0) and that
the faster the pesticide decays, the nore likely the farmer is to adopt a
reactive strategy (dv/db > 0).

To provide a enpirical mechanism for evaluating the inpact of re-entry
regul ation of pre-harvest use of parathion on apples in three main US. producing
states (Washington, California, Mchigan), the nodel was paraneterized as
fol | ows. A regression of weekly data on farmlevel prices received in
Washi ngton, California and Mchigan over the period 1971-1980 on a tine trend
and dummies to control for differences among years and states yielded an estimate
of the revenue decay paraneter a = 0.0024. According to Johannes Joost
California extension specialist on apples, the maxinmum price received in 1984
was about $300/ton, which, at a yield of 10 tons/acre, suggests a maximum revenue

of $150,000 for a 50-acre block. The regression analysis suggested that price
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level s in Mchigan and \Washington were about 17 percent and 32 percent above that
of California, however, because M chigan harvests about 4 weeks after California
and Washington, 2 weeks, the maxinumprice in these states should be 9.8 percent
and 28.2 percent higher than California, respectively, giving estimtes of about
$165, 000 per 50-acre block in Mchigan and $192,000 per 50-acre block in
Washington. An estinate of the parathion decay paraneter b = 0.8 was taken from
Spear et al. ‘s (1975a) study. of parathion decay in California citrus orchards;
exam nation of parathion decay data on Washington apples (Staiff et al. (1975))
indicated that the decay patterns in the two cases were essentially identical
Conversations with farmadvisors indicated that, if left untreated, a codling
moth infestation caused by a popul ation of nornal size would damage about 10
percent of the crop; thus, k was given a value of 0.10. Cal cul ation of the
damage threshol d for prophylactic spraying over the range of reasonable re-entry
periods, k., resulted in values ranging from.009 to .065, all well below k;
thus, it appears that reactive treatment will always be optimal. In fact, apple
prices would have to fall 2-10 times nore rapidly before prophylactic treatnent

woul d becone desirabl e.

V. Residue Poisoning From Parathion Exposure Among Apple Harvesters

The risk of clinical illness in workers as a result of exposure to residues
of parathion applied to apples at various |ocations was nodel | ed according to
the overall schene laid out by Popendorf and Leffingwell (1982). In essence,
the pesticide is applied, a decay process takes place in which some of the
parathion is converted to the oxygen anal og, paraoxon, and exposure takes place
days or weeks later when crews enter the field to harvest the crop. If clinica

illness results, it is usually due to a dernally absorbed dose of paraoxon.
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There is considerable information available to quantify the various steps in this
process but very limted data on clinatol ogical effects on the decay process
i tself.

The characterization of the residue decay process follows that of Spear
et al. (1975a) and Popendorf and Leffingwell (1978). In both cases, the
di sl odgeabl e foliar residues of parathion and paraoxon are described by |inear
ordinary differential equations. The parameterization of these nodels utilized
data obtained fromcitrus crops, but limted data on apples suggests a simlar
decay pattern (Staiff et al. (1975)). The sinplified form of the nodel used here
describes the residue relevant to worker hazard from day three post-application
onwards. After day three the parathion residue has decayed to the point where
the hazard to workers depends al nost entirely on the paraoxon residue (Spear
(1975b)).

The form of the nodel is:
(10a) dx/dt = -bx
(10b) dr/dt = cx - qr

where parathion residue is denoted by x and the paraoxon residue by r. The units

are in ng/ecm®. The solution to this set of equations is:
(1la) =x(t) = x4 exp(-bt)
(11b) «r(t) = (cxo/b + q) [exp{-qt) - exp{-bt}]
where t is the time post-application in days

13



There are, then, four paraneters required to solve for r(t), the paraoxon
residue, b, ¢, g, and the initial condition X¢- The first three paraneters are
weat her dependent whereas the |ast depends on the application rates and pre-
existing levels of foliar dust on the trees. Ngg et al. (1978) have studied
the effect of weather variables on the parathion decay process and have concl uded
that rainfall and |eaf wetness from other sources are the primary determ nants
of the rate of residue disappearance after the period imedi ately post
appl i cation. Hence, climatol ogical variability was nodel ed by assum ng that
the decay paraneters, b, ¢, and ¢q, are the same for all three regions but that
t he paraoxon residue is dimnished as an exponential function of the cumulative
rainfall during the decay period. Under these assunptions the rainfall-nodified

paraoxon residue at entry time T is given by:
(12) r'(T) = r(T) exp({-.291CR)

where CRis the cumulative rainfall during the period (O T). A one inch rainfal
| eads to a dimnution of the residue by 25 percent and a two inch rainfall a 44
percent decline. These predictions are nore or |less consistent with the data
presented by Qunther et al. (1977).

Estimates of the parameters b, ¢ and d are avail able from Popendorf and
Leffingwel |l (1978). Also, the initial condition, %, was estimated fromtheir
data by regressing their paraneter a, against the applied anount in pounds of

active ingredient per acre (AlA). The resulting expression is:
(13) x, = 1690(AIA) 3% ng/cm?

The val ues used for the other paraneters are b - 0.8, ¢ = 0.08 and q = 0.05.

Fol | owing the procedure detailed by Popendorf and Leffingwell (1982) the
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dermal dose in ny/kg is related to the paraoxon residue by the expression
kqr'(t)t, Where t, is the exposure time in hours and ky a constant determ ned
enpirically and set equal to 9.0 as observed in citrus crops. The exposure tine
is taken to be an eight hour shift. For a single organophosphate the relation
between dermal dose and fractional inhibition of red blood cell cholinesterase

(RBCD) is given by:
(14) RBCD = 1 - exp{-w,D/LD,)

where, for paraoxon, the dermal LD, is 1.0 and w, equals to 6.0, mdway in the
reported range of 4.7 to 7.3. Al menbers of a work crew are assuned to be
exposed to the same residue environment which is further assumed to result in
the same cholinesterase depression. Individual variability is nodeled only in
the relationship between cholinesterase depression and clinical illness

The relationship between cholinesterase depression and clinical signs and
synptoms of poisoning was model ed by assuning the probability of illness depended

on the degree of cholinesterase depression according to the expression:
(15) P = 1/[1 + exp(w,; + w, RBCD}]

where w,; and w, were based on clinical experience and values reported in the
nmedical literature (Mdtling et al. (1985), MIlby (1988)). Two sets of
paranmeters were used, one relating to nmild illness and the other to severe
illness. The probability of illness relates to each nember of the crew at the

end of one eight-hour day and not to exposures cumul ated over several days.

V. Profit-Health Tradeoffs in Re-Entry Regulation

The nodels presented in the two preceding sections can be used to evaluate

15



the inpact of re-entry regulations on apple growers’ revenues and apple
harvesters’ safety. The analysis was conducted under the assunptions that a
flight of coddling moths arrives four days before the optimal harvest date t,
(i.e., tg- t, - 4), that parathion is applied at a rate of 2.0 pounds of active
i ngredient per acre, and that, as is typical, the crop produced on a 50-acre
bl ock will be harvested in one day by a crew of 500 (10 workers per acre).

Losses in growers’ revenues were conpared to the risk of severe and mld
poi soning to each individual worker. Rainfall levels of 0, 0.5, 1, 1.5, and 2
inches during the re-entry period were used to take into account the differences
in weather conditions encountered in the different regions under investigation:

California receives virtually no rainfall during the harvest period, Washington
receives an average of 0.5 inches and M chigan receives an average of 1.5 inches
under normal conditions.

Table 1 shows the expected nunbers of severe and mld parathion poison
cases under California, Washington and M chigan conditions, plus the fraction
of revenue |ost due to harvest delays. The risk of poisoning is clearly non-
negligible: Wth a pre-harvest interval of four days or less, there will be an
average of 2.5 severe cases and 43 mld cases under California conditions, 1.6
severe and 29 mld cases under Washington conditions and 0.8 severe and 15 mld
cases under Mchigan conditions. (At any given time, there will be alnost 19
times as many mld as severe cases.) Each additional day entry is prohibited
reduces the nunber of nmild and severe cases by about 13 percent, while each
addi tional inch of rainfall reduces themby about 75 percent. Even so, the risk
of poisoning remains non-negligible for a relatively Iengthy period of tine:
If re-entry is prohibited for as much as 2 weeks, there will still be an average

of one severe poisoning incident for roughly every 2 50-acre bl ocks harvested
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in California, one severe incident for every 3 50-acre bl ocks harvested in
Washi ngton and one severe incident for every 4 50-acre bl ocks harvested in
M chi gan.

At the same tine, the losses inposed by re-entry regulation can be
consi derabl e. Each additional day’s delay in harvesting reduces total revenue
by about 0.24 percent, corresponding to $360 per 50-acre block in California
$460 per 50-acre block in Washington and $395 per 50-acre block in M chigan.
By way of contrast, total harvesting |abor costs amount to about $425 per 50-
acre. block in Wshington (H nman, Tukey and Hunter). A pre-harvest internal of
2 weeks would result in a revenue loss on the order of 2.5 percent; since profit
mar gi ns in \Washi ngton appl e production range from3 to 10 percent (H nman, Tukey
and Hunter), such a loss would represent a sizable fraction of net incone.

The optimal pre-harvest interval in each state (assum ng equal social
wel fare weights on farners’ incomes and workers’ health) is deternined by
equating the marginal cost of additional harvest delays in terns of revenue | ost
with the marginal benefits associated with reductions in the number of poisoning
incidents. For illustrative purposes, we calculated these optimal pre-harvest
intervals under the conservative assunptions that benefits were restricted to
average avoided costs, that is, to the average costs of hospitalization plus
average |ost wages. This ignores |ong-termlosses due to chronic neurotoxic
effects, the value of the disutility of suffering poisoning, |osses caused by
additional risks to consuners from residues renmaining at the tine of ingestion
and so on.

A typical severe parathion poisoning case typically requires 3 days of
hospitalization, wth the first day spent in intensive care, followed by two

weeks of recovery, i.e., lost work time. Assuning average costs of $1200 per
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day for intensive care and $500 per day for a standard hospital bed inplies tota
hospitalization costs of $2200. Assuming an average wage of $10 per hour for
an 8-hour day inplies total |ost wages of $800, for a total cost of $3000 per
severe case (Becker (1988)).

A typical mld case requires no hospitalization; medical care wll
typically cost about $40 per case and there will generally be 2 days of |ost work
time, for a total cost of $200 per case (Becker (1988)).

Figures 1, 2 and 3 show the respective marginal costs and narginal benefits
from severe and all poisoning cases associated with different pre-harvest
intervals in California, Wshington and Mchigan. The optinal pre-harvest
intervals are 15 days in California, 12 days in Washington and 9 days in
M chi gan. Current EPA regulations require 14 days regardl ess of rainfall
conditions for applications of parathion on apples such as the one considered
here. Interestingly, the current pre-harvest interval is quite close to the
optimal levels calculated here, although our calculations suggest the
desirability of greater conservatism under California conditions and |ess
conservati smunder M chigan conditions. They al so suggest that, as long as |oca
rainfall can be nonitored effectively, the sane levels of safety inplicit in the
14-day pre-harvest interval can be achieved at |ower cost by naking the pre-
harvest interval dependent on rainfall. For exanple, lowering the pre-harvest
interval from14 to 9 days when there have been 2 inches of rain would cut the
| osses suffered by Mchigan apple growers by $1944 per 50-acre bl ock, almost 50
percent, while lowering it from 14 days to 12 days when there have been 0.5
inches of rain would cut the losses suffered by Washington growers by $904 per

50-acre block, alnost 20 percent.
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VI.. Concl usi ons

Public authorities frequently use quarantines to ensure public safety by
renmovi ng peopl e from hazardous situations either in tinme or space. Individuals
may pursue simlar strategies to enhance their own safety in dealing with
hazards. This paper devel ops a nethodol ogy for assessing the tradeoffs between
productivity or utility losses fromthis type of regulation and reductions in
risk of disease, accident or illness and applies it to the case of re-entry
regulation in pesticides. We show that this formof regulation provides a
rational incentive for prophylactic applications of pesticides, a practice that
has been nuch maligned in the pesticide literature. In an enpirical evaluation
of pre-harvest intervals for parathion used on apples, we demonstrate that the
tradeoffs involved are quite substantial, that the optinmal pre-harvest intervals
inplied by rather conservative benefits estimates are quite close to those
actually set by the Environnental Protection Agency, and that the sane |evel of
worker safety as that inplicitly targeted by EPA can be achieved at |ower cost
by making pre-harvest intervals dependent on rainfall

In order to focus on the main issues in deriving tradeoffs from quarantine
paraneter choices, the nodel used here is partial and rather stylized. Qbvious
i mprovements include incorporating considerations such as: pest population
dynam cs and intraseasonal effects; general equilibrium effects of re-entry
regulation on prices and the distribution of production; choice of anounts of
pesticides and harvest crew size as well as time of application; the influence
of stochastic factors such as weather and size and time of arrival of pest
popul ati ons; and uncertainties about residue decay, dermal absorption
chol i nesterase depression and clinical response. The results we obtain, however

strongly suggest that nore elaborate nodeling of re-entry regulation and other
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forms of quarantine is well worthwhile.

Further research along these lines is especially necessary because
environmental and occupational health problems such as the one addressed here
are a growi ng policy concern. Wil e policy advice has been nonopolized by
natural scientists until recently, recognition of the fact that absolute safety
is often unattainable has led to an appreciation of the inportance of eval uating
tradeoffs between’ enhanced safety and other social goals. A key problemis that
t horough tradeoff assessments require close interdisciplinary cooperation in
modeling a full spectrum of econom ¢, physical and biological processes beginning
with production and termnating in risks to health.® Wiile the difficulties of
organi zing such interdisciplinary cooperation have meant that this sort of
nodel ing has been performed only seldomin the past, hopefully the work reported

here will denonstrate the feasibility and inportance of pursuing it.
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VIl . Foot not es

! Wil e econom sts have studied the Iinks between pollution and health (as in
the volumnous literature on air pollution and health initiated by Lave and

Seskin) and between production and pollution (see for exanple, Anderson

Opal uch and Sullivan), to our know edge none have nodeled the entire path from

production to pollution to health.
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TABLE 1

HEALTH RISKS AND REVENUE LOSSES UNDER ALTERNATIVE RE-ENTRY INTERVALS

Expected number of Expected number of Fraction of
Re-entry severe poisonings _mild poisonings revenue lost
interval :
(days) California Washington Michigan California Washington Michigan
0-4 2.46050 1.63800 0.81650 : 42,6950 , 29.2650 15.0000 0

5 1.95600 1.33250 0.69100 34.5800 24.0600 12.7600 0.002397

6 1.57650 1.09650 0.59100 . 28.2250 19.9600 10.9500 0.004788

7 1.28550 0.91250 0.51050 23.2450 16.7150 9.4850 0.007174

8 1.06000 0.76750 0.44520 19.3150 14,1300 8.2900 0.009554

9 0.88350 0.65250 0.39155 16.2050 12,0600 7.3050 0.011928
10 0.74500 0.56000 0.34725 13,7200 10.3850 6.4900 0.01429%6
11 © 0.63400 0.48540 0.31045 , 11.7300 9.0250 5.8100 0.016659
12 0.54550 0.42450 0.27965 10.1200 7.9100 5.2350 0.019016
13 0.47340 0.37450 0.25370 8.8050 6.9900 4.7555 0.021368
14 0.41470 0.33315 0.23165 7.7300 6.2250 4.3460 0.023714
15 0.36960 0.29865 0.21290 6.8400 5.5900 3.9965 0.026054
16 0.32645 0.26970 0.19680 - 6.1050 5.0550 3.6965 0.028389
17 0.29305 0.24530 0.18295 5.4850 4.5995 3.4380 0.030718
18 0.26500 0.22450 0.17095 4.9515 4.2130 3.2135 0.033041
19 0.24125 0.20680 0.16000 4.5245 3.8825 3.0185 0.035359
20 0.22110 0.19155 0.15135 4.1495 3.5985 2.8480 0.037672
21 0.20385 - 0.17840 0.14335 3.8280 3.3530 2.6980 '0.039978
22 0.18900 0.16700 0.13635 3.5515 3.1400 2.5660 0.042280
23 0.17620 0.15705 0.13010 ©3.3120 2.9540 2.4495 0.044575
24 0.16510 0.14835 0.12460 3.1040 2.7915 2.3465 0.046866
25 0.15540 0.14070 0.11970 2.9230 2.6485 2.2545 0.049150
26 0.14690 0.13400 0.11535 2.7640 2.5225 2.1725 0.051430
27 0.13945 0.12805 0.11145 2.6245 2.4110 2.0995 0.053704
28 0.12835 0.12275 0.10795 2.5010 2.3120 2.0340 0.055972

qt-tab.wp/dlw/12/23/88



Figure 1
Optimal Re-Entry Interval in California
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Figure 3
‘Optimal Re-Entry Interval In Michigan
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ABSTRACT

This paper presents a unique application of the househol d production
approach to val uing public goods and nonmarket commodities. Technical
rel ationships are estinmated between health attributes, private goods that
affect health, and air quality using panel data drawn from a specia
survey. Statistical tests suggest that individuals equate marginal rates
of technical substitution in household production with relevant price
ratios. This result confirns that input choices are rational and is
critical for estimating values of health attributes and air pollution.
Val ue estinmates obtained al so bear on current questions facing

envi ronnental pol i cymakers.



. Introduction

I ndividuals frequently apply a household technol ogy to combine public
and private goods in the production of nonnarket conmodities for fina
consunpti on. Hori (1975) denonstrates that in these situations, market
prices of private goods together with production function parameters may
encode enough information to value both public goods used as inputs and
nonmarket final consunption comodities. Al though this valuation
met hodol ogy is objective and narket based, it seldom has been applied for
three reasons. First, underlying technical relations either are unknown or
data needed to estinmate them are unavailable. Second, even if rel evant
technical information is at hand, the consumer’s budget surface in
commodi ty space may not be differentiable when joint production and ot her
conplicating factors are present. As a consequence, the comodity bundle
chosen is consistent with any nunber of marginal rates of substitution
bet ween commodi ties and val ues of public goods and nonmarket conmodities
remai n unknown. Third, joint production and nonconstant returns to scale
al so pose serious difficulties when taking the closely related val uation
approach of estimating the area behind demand curves for private goods
inputs and final consunption commuodities (Bockstael and McConnell 1983).
The probl ens posed by joint production are, troubl esone because Pollak and
Wachter (1975) have argued that jointness is pervasive in home production
and G aham and Geen (1985) found enpirical evidence of substantia
jointness in their estimation of a househol d technol ogy.

This paper presents a unique application of the household production
approach to valuing public goods and nonmarket commdities which allows for
certain types of joint production and addresses key problens identified by

previous authors. Technical relationships are estimted between health



attributes, private goods, and air quality. Data used in the analysis are
drawn from a special survey designed to inplenent the household production
approach.  Econometric estimates allow for censored dependent variables and
cross-equation error correlations in panel data using tobit nodels with

i ndi vi dual -specific variance conponents. Wilcox-G8k (1983, 1985)
previously applied variance conponents estinmation in a health context but
did not examne censoring and cross-equation correlation. Key results of
the present paper are: (1) attenpts to value detailed attributes of
nonmar ket honme produced conmodities nmay be ill-advised; however, estimting
a common value for a broadly defined category of attributes nay be
possible, and (2) statistical tests support the hypothesis that individuals
equate marginal rates of technical substitution in household production
with relevant price ratios. The latter result confirms that input choices
are rational in the sense of Russell and Thaler (1985): choices are
consistent with utility maximzation subject to a correct understanding of
the hone technology. Al so, value estinates obtained bear on current
questions concerning air pollution control policy. The Cean Air Act of.
1970 and its subsequent anendnents focus prinmarily on health to justify
regulation and require air quality standards to protect even the health of
those nmost sensitive to pollution. The survey data are sufficiently rich
to allow separate value estimates for persons with nornal respiratory
function and persons with chronic respiratory inpairnents.

The remainder of this paper is divided into four sections. Section Il
describes a sinple household production nodel in a health context and
reviews theoretical issues in obtaining value estinates. Section |11
di scusses the survey instrument and the data coll ected. Section |V

presents econonetric estimates of production functions for health

ro



attributes, as well as values of better air quality and inproved health for
both the normal and respiratory inpaired subsanples. I nplications and

conclusions are drawn out in Section V.

[l. Prelimnaries
The model specifies utility (U as a function of market goods (Z) and

health attributes, called synptons, (9

U =1u(z, S) (1)
For simplicity, Zis treated as a single conposite good, but S denotes a
vector neasuring intensity of n health synptons such shortness of
breath, throat irritation, sinus pain, headache, or cough. Intensity of
the 18 synptomis reduced using a vector (V) of madditional private goods
that do not yield direct utility, a vector of anmbient air pollution
concentrations (a), and an. endowrent of health capital (Q).

st = siqv, o; 9) 1=1, ...on (2)
El enents of v represent goods an individual night purchase to reduce
intensity of particular synptons, and Q represents genetic predisposition
to experience synptoms or presence of chronic health conditions that cause
synptons.  Notice that equation (2) allows for joint production in that
some or all elenents of V may (but do not necessarily) enter some or al

1

synpt om production functions. The budget constraint is

I1=Pz+ I PV,

Z i i3 (3)

where P, denotes the price of Z, Pj denotes the price of Vj, and | denotes
i ncone.

Aspects of this general approach to nodeling health decisions have

been used in the health econonmics literature (e.g., Gossman 1972

Rosenzwei g and Schultz 1982, 1983), where medical care is an exanple of V



of ten consi dered. In these three papers, however, the stock of health
rather than synptons is treated as the hone produced good, and G ossnan
treats decisionmaking intertenmporally in order to analyze changes in the
heal th stock over tinme. A nmultiperiod framework would permt a nore
conpl ete description of air pollution’s cumulative physiol ogi cal danage,
but the present nodel’s focus on synptons of short duration suggests that a
one period nmodel is appropriate. Morreover, long term panel data containing
both econom ¢ and health information necessary to assess cumnulative
physi ol ogi cal danage are difficult to obtain.

Simlar nodels also have been used in environmental econonmics to
derive theoretically correct methods for estimating values of air quality
and ot her environmental attributes (e.g., Berger et al. 1987, Courant and
Porter 1981; Harford 1984; Harrington and Portney 1987). These nodels,
however, only consider the case in which m=n =1 and rule out the
possibility of joint production. In this situation, the marginal value of
or willingness to pay (WIP) for a reduction in air pollution can be derived
by setting dU = 0 and using first order conditions to obtain

WIP_ = - U/SL/A = - B SL/S] (4)
where U, denotes marginal disutility of the synptom Si denotes the
marginal effect of air pollution on synptom intensity, Si denot es the
margi nal product of V, in reducing synptomintensity, and A denotes
marginal utility of incone. As shown, marginal wllingness to pay to
reduce synptomintensity (- Ul/x) equal s the marginal cost of doing so
(= B/s]).

Extensions to situations where mand n take on arbitrary val ues have
been considered in the theory of nulti-ware production by Frisch (1965) as

well as in a public finance context by Hori (1975). Actually, Hori treats



four types of household production technology. H's case (3) involving
joint production appears to best characterize the application discussed in
Section |V because a single Vj may sinultaneously reduce nore than one
synpt om In this situation, a‘key result is that marginal val ues of
home produced commodities cannot be re-expressed in terns of narket prices
and production function paraneters unless the nunber of private goods is at
| east as great as the nunber of commodities (m> n). Intuitively, if

m < n, the individual does not have a choice anong sone alternative
conmbi nations of synmptom intensities because there are too few choice
vari abl es (Vj) and the budget surface on which each chosen value of S* nust
lieis not differentiable.?

Anot her perspective on this result can be obtained fromthe first
order conditions of the individual’'s utility maxinization problem After
substituting. the synmptom production functions into the utility function
the first order conditions include the budget constraint and

U, -, =0
z.u, st

171i7]
The marginal value of a reduction in air pollution is a weighted sum of the

"APJ-=O, j=l’ s ey m. (5)

values of the individual synptomintensities (U;/x), where the weights are
the marginal products of pollution (Si): WIP, = = Zi(Ui/x)Si). Estimating
values for reductions in synptons or pollutants on the basis of observable
behavi or requires solving for the (U, /x) as functions of market prices of

private goods and production function paraneters. Rearranging the m first

order conditions for the Vj gi ves
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If m<n, the rank of the synptom technology matrix S = {S?} is at nmost m
and the systemof equations in (6) is underdeterm ned. Intensity of one
synptom cannot be varied holding others constant, and the marginal value of
an individual synptom cannot be determned. On the other hand, if m=n
and the synptom technol ogy matrix is nonsingular, then the rank is n and
uni que sol utions can be conputed for the Ui/A. If m> n and the technol ogy
matrix has full rank, then the systemis overdetermned, and values for the
U;/x can be conputed from a subset of the first order equations.

This theoretical overview yields several ideas useful in enpirical
application. First, if m>n and the household technol ogy matrix has rank
n, then values of nonmarket conmodities and public goods are calculated in
a relatively straightforward manner because utility terms can be
elimnated. Second, the possibility that mc n suggests that the househol d
production approach may be incapable of estimating separate values for a
conmparatively large nunber of detailed commodities and that aggregation of
commodities may be necessary to ensure m > n.3 Third, even if m>n, the
househol d production approach may fail if there is linear dependence anong
the rows of the technology matrix. Thus, statistical tests of the rank of
the matrix should be performed to ensure differentiability of the budget
surface. Fourth, if m>n, first order conditions inpose constraints on

val ues that can be taken by the 83; rejection of these constraints would



inply that the outcome of the choice process is inconsistent with
utility-maximzation subject to a known technol ogy.

Fifth, if m> n, values of S? and Pj need not yield positive val ues
for =U /%, the marginal willingness to pay to reduce intensity of the 1B
synptom O course, in the sinple case where m=n = 1, the only
requi rement is that -Plési >0. | fm=n= 2 a case considered in the
enpirical work presented in Section IV, values of =U;/X and -U,/X both will

o : 1,.1 2,.2
be positive only if (sl/sz) > (PL/PZ) > (81/82). If v, and v, are not

1
chosen such that their marginal rates of technical substitution bracket
their price ratio, then it is possible to reduce intensity of one synptom
wi thout increasing intensity of the other and without spending rmore on
synpt om reducti on.

Sixth, conplications arise in expressing synptom and air pollution
values in situations where some or all of the Vj are sources of direct
utility, another form of joint production. This problemis inportant (and
it is encountered in the enpirical work presented in Section IV) because of
the difficulty in identifying private goods that are purchased but do not
enter the utility function. To illustrate, assume that m= 2, n =1 and
t hat v, -but not V, is a source of both direct positive utility and synmptom
relief. WTP still would equal -(Plsé/s%) and therefore could be
cal cul ated wi thout know ng values for narginal utility termns. | f
consunption of V2, however, was used as a basis for this calculation, the
sinple formula —(stélsé) woul d overestinate WTP,, by an anount equal to
-(Uzsé/xsé)mhere u, denotes marginal utility of v, (U, > 0). Wen mand n
take arbitrary values the situation is nore conplex, but in genera
nonmar ket conmodity and public good val ues can be deternmined only if the

nunber of private goods which do not enter the utility function is at |east



as great as the nunmber of final conmodities. Even if this condition is not
met, however, it is possible in sone cases to determ ne whether the value
of nonnmarket commodities and public goods is over- or under est i mat ed. *
Each of these six issues is treated in the enpirical work reported in
Section IV. Although m=n = 2 and relevant narginal rates of technical
substitution generally bracket input price ratios, statistical tests cannot
reject the hypothesis that the technology matrix has rank one. After
aggregating synptons into one broad category, m>n (2 > 1), and first
order conditions constrain the nmarginal rate of technical substitution to
equal the price ratio. Failure to reject the constraint confirms that
behavior is consistent with the nodel’s predictions; nevertheless the
likely possibility that both private good inputs are direct sources of
utility suggests that the nodel’s value estimates should be interpreted as

| ower bounds.

[l . Data

Data used to inplement the household production approach were obtained
froma sanple of 226 residents of two Los Angel es area communities. Each
respondent previously had participated in a study of chronic obstructive
respiratory disease (Detels et al. 1979, 1981). Key aspects of this sanple
are: (1) persons with physician diagnosed chronic respiratory ailnents
deliberately are overrepresented (76 respondents suffered from such
di seases), (2) 50 additional respondents wth self-reported chronic
cough or chronic shortness of breath are included, (3) 151 respondents
lived in dendora, a community with high oxidant air Pollution and 75
respondents lived in Burbank, a comunity wth oxidant pollution |evels

nore |ike other urbanized areas in the U S but with high levels of carbon



monoxi de, (4) all respondents either were nonsnokers or former snokers who
had not snoked in at |east tw years, and (5) all respondents were
househol d heads with full-time jobs (defined as at |east 1,600 hours of
wor k annual | y).

professionally trained interviewers (gntacted respondents sever al
times over a 17 nonth period beginning in July 1985.  The first contact
involved adm nistration of an extensive baseline questionnaire in the
respondent’s hone.  Subsequent interviews were conducted by telephone.5
I'ncluding the baseline interview, the nunber of contacts with each
respondent varied fromthree to six with an average nunber of contacts per
respondent of just over five. O the 1147 total contacts (= 226 x 5), 644
were with respiratory inpaired subjects (i.e., those either with
physi ci an-di agnosed or self-reported chronic respiratory ailnments) and 503
were with respondents having normal respiratory function

Initial baseline Interview mneasured four groups of variables: (1)
long term health status, (2) recently experienced health synptoms, (3) use
of private goods and activities that mght reduce synptomintensity, and
(4) socioeconom c/denmographic and work environnent characteristics.
Tel ephone followup interviews inquired further about health synptons and
use of particular private goods. Long termhealth status was nmeasured in
two ways. First, respondents indicated whether a physician ever had
di agnosed asthma (ASTHVA), chronic bronchitis (BRONCH), or other chronic
respiratory disease such as enphysema, tuberculosis, or |ung cancer
Second, they stated whether they experience chronic shortness of breath or
wheezi ng (SHRTWHZ) and/or regularly cough up phlegm sputum or nucous
( FLEMCO) . Respondents al so indicated whether a physician ever had
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di agnosed hay fever (HAYFEV); however, this condition was not treated as
indicative of a chronic respiratory inpairment.

Both background and followup instrunents also asked which, if any, of
26 health synptons were experienced in the two days prior to the interview.
Synptons initially were aggregated into two categories defined as: (1)
chest and throat synptons and (2) all other synptons. 6 Aggregation to two
categories reduces the nunber of househol d produced final goods (n)
consi dered; however, assigning particular synptons to these categories
adnittedly is somewhat arbitrary. Yet, the classification scheme selected
permts focus on a group of synptoms in which there is current policy
interest. Chest and throat synptons identified have been linked to ambient
ozone exposure (see Gerking et al. 1984, for a survey of the evidence) and
federal standards for this air pollutant currently are under review
Moreover, multivariate tobit turns out to be a natural estimation nethod
and aggregating synptons into two categories pernmts a reduction in
conputation burden. Dickie et al. (1987(a)) report that respondents with
chronic respiratory inpairnents experienced each of the 26 individua
synptons nore often than respondents with normal respiratory function
This outcone is reflected in Table 1 which tabul ates frequency
distributions of the total nunber of chest and throat and ot her synptons
reported by respondents in the two subsanples.7

In the enpirical work reported in Section IV, data on the number of
synptons reported are assuned to be built up from unobserved | atent
variabl es neasuring synptom intensity. As intensity of a particular
synpt om such as cough rises above a threshold, the individual reports
havi ng experienced it; otherwi se he does not. Thus, the frequency

distribution tabulated in Table 1 nerely reflects the nunber of synptons



that crossed the intensity threshold in the two days prior to the
I nterview

Private goods used to estimate synptom production functions include
durabl e goods which nmay relieve synptons by reducing exposure to air
pol lution. Wen asked during the baseline interview whether they changed
their activities at all when the air was snoggy, half the respondents in
the inpaired group and 42 percent of the respondents in the normal group
reported that they tried to stay indoors and/or run their air conditioners
more in an attenpt to avoid the pollution. The effectiveness of such a
strategy depends on the quality of the indoor air, which in turn depends
partly on whether the respondent has and uses the follow ng private goods
(1) central air conditioning in the home (ACCEN), (2) an air purifying
systemin the home, and (3) a fuel other than natural gas for cooking
(NOTGASCK) .8 Simlarly, a respondent who has and used air conditioning in
the autonobile (ACCAR) m ght reduce exposure to pollution, particularly
when driving or idling in traffic. Each of these private goods may provide
direct utility in addition to reducing exposure to pollution. Air
conditioners, for exanple, may provide not only relief fromsynptons but
al so cooling services that yield direct satisfaction. This problemis
di scussed further in Section V.

Soci oeconom ¢/ denogr aphi ¢ vari abl es neasured whether the respondent
lived in Burbank or @endora (BURB) as well as years of age (AGE), gender
race (white or nonwhite), marital status, and household inconme. Also,
respondents were asked whether they were exposed to toxic fumes or dust
while at work (EXPWORK).

Finally, each contact with a respondent was matched to neasures of

anbient air pollution concentrations, humdity, and tenperature for that
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day. Air nonitoring stations used are those nearest to residences of
respondents in each of the two comunities. Measures were obtained of the
six criteria pollutants for which national anbient air quality standards
have been established: carbon nonoxide (CO, nitrogen dioxide (NX), ozone
(03), sulfur dioxide (S02), lead and total suspended particul ate.
Readings for lead and particulate, however, only were available for about
ten percent of the days during the study period, forcing exclusion of those
pol lutants fromenpirical work. Each of the remaining four pollutants were
measured as maxinum daily one-hour anbient concentrations. Maxima are used
because epi dem ol ogi cal and medi cal evidence suggests that acute synptons
may be nore closely related to peak than to average pollution
concentrations. The air pollution variables entered then, are averages of
one hour maxima on the two days prior to the interview so as to conform

9

with the measurement of synptons. Tenperature and relative hunmidity data

simlarly were averaged across two day periods

V. Estimates of Household Synptom Technol ogy
This section reports estimted production functions, hypothesis tests
and estimated values of public goods and nonnmarket commodities. A
bivariate tobit nodel with variance conponents was devel oped to account
for: (1) probable correlation of disturbances across production functions,
(2) censoring of reported synptons at zero, and (3) repeated observations

10 Both tobit and variance

of the sane individuals at different tines.
conponents nodels frequently are applied; however, as discussed by Mddal a
(1987), there have been few applications of tobit with variance components

to panel data.

12



Enpirical estimates of household production functions for health also
have been obtai ned by Rosenzweig and Schultz (1983)'! and vari ance
conponent s nodel s have been applied to health production by Wilcox-Godk
(1983,1985)12; however, neither of these investigators focus on val uing
nonmar ket conmodities and public goods. Rosenzweig and Schultz consider
birthwei ght rather than synptons and Wilcox-Gsk exam nes days missed from
usual activities due to illness or injury and visits to certain health care
facilities. Al though the dependent variables used by Wilcox-G8k woul d
appear to be correlated and censored at zero, the estination procedures
enpl oyed by wilcox-G&k did not correct for either problem In contrast,
the bivariate tobit model presented below allows for both censoring and
cross-equation error correlation.

The synptom production functions are specified as

A {xhtsi + ©int if xhtBi + “iht >0

Spe = (7)
he 0 otherwise
i = 1’ 2.
In equation (7), i denotes type of synptom (chest and throat = 1, other

2), h denotes respondent, and t denotes time; Sét represents the nunber of

synptons reported and Xpp is a vector i ncl udi ng expl anatory vari abl es such

as neasures of health capital, private goods, and air pollutants
Random di sturbances consist of the sumof a transitory conponent and a

per manent conponent comon to both production functions

iht = "n ¥ “ine i=1,2 (8)

The transitory error conponents, Vihe?

vary over individuals, synptons, or tine. The pernmanent error conponent,

€

capture unnmeasured influences that

My, varies only over individuals, capturing unneasured individual specific

influences that persist over tine. The assunption that the sane permanent

13



conmponent enters both production functions results in conputational savings
and is at least plausible, since the sane individual produces both
cat egories of synptons.

Permanent conponents are assunmed normally and independently
distributed with mean zero and variance cﬁ. Transitory conponents are
assuned nornal ly and independently distributed, conditional on the
per manent conponent, W th mean zero and variance ég,i =1, 2. Despite the
common pernanent conponent, the correlation coefficient between the two
synptom cl asses in the same tine period, ci/(cz +U§)5<0§ + ci){ is
distinct fromthe correlation coefficient between the same synptom class at
different tines, o2/(s” +o2), 1 =1, 2

Let Fiht and f iht represent, respectively, the normal distribution and
density functions eval uated at gs;t - %eBs ”h)/oi’ condi tional on Y.

The log-likelihood function is

lg(u)du (9)

L = rln / IJ *'gigt SN S

h - - 1 >0
She™ She _

where g(+) is the normal density.13

An alternative to the variance conponents or random effects nodel is
the fixed effects nodel in which the w, are treated as fixed constants
rather than as random variables. Two argunents can be made in favor of the
random effects specification of the synptom production m)del.14

First, treating the w, @s constants subsunes the effects of al
i ndi vi dual specific, time invariant variables into the fixed effects
Since the private goods neasured in the data are fixed during the sanpling
period, using the fixed effects nmodel would make it inmpossible to identify

the production function parameters (S;) necessary to estinmate val ues for

reductions in synptons and air pollutants. Simlarly, estimating the

14



separate effects for the various chronic health inpairnent variables is of
some interest, but these effects could not be distinguished fromthe My, in
the fixed effects specification.

The second argunent in favor of randomeffects rests on the
i nconsi stency of the fixed effects tobit estimator. The individual effects
M, cannot be estimated consistently for a small nunber of tine periods even
as the nunber of individuals increases without bound. Intuitively, each
i ndi vidual brings to the sanple a distinct uh,\M th the result that
increasing the nunber of individuals fails to increase the information
available to estimate the w,- In many nonl i near model s, including tobit
fixed effects estimators for the renmaining paraneters cannot be derived
i ndependently of the My» SO that the entire set of parameters is estinated
i nconsistently. By contrast, the random effects nodel attenpts to estimate
only the nean and variance of the My rather than the individual effects
t hensel ves and thus can estimate the slope coefficients of the node
consi stently.

Wiile these arguments present a conpelling case for the random effects
nmodel , biased estimation can result because the nodel ignores the
correlation that may exist between the explanatory variables and the
per manent error conponent (see, e.g., Mindlak 1978). For exanple, if an
i ndi vi dual knows his own Bpo utility maximzation would inply that his
choice of private goods depends on u,. A solution to this problem proposed
for probit nodels by Chanberlain (1980) is to specify w, as a linear
function of the individual’s explanatory variables plus an orthogona
residual : w = X+ n,» Where X7 includes the individual s entire tine
series of observations on explanatory variables. This auxiliary regression

then could be substituted for wu, in the specification of the synptom
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production functions, and the |ikelihood derived by integrating over the
density of n rather than the density of u. But owing to the lack of
tenporal variation in all explanatory variables except the neasures of
pol lution and weather, the substitution would produce collinearity in the
matrix of explanatory variables as each tine-invariant variable in the
auxiliary regression above would be perfectly collinear with its
counterpart already included in the nodel specification. As a consequence
Chanber |l ain’s approach was not pursued.

An alternative approach to correct for correlation between covariates
and errors is analogous to the two stage |east squares procedure enployed
by Rosenzweig and Schultz in their previously cited birthweight study. In
the first stage, reduced formprobit demand equations for each of four
private goods (ACHOME, ACCAR, APHOVE, NOTGASCK) are estimated.i® In the
second stage, predicted probabilities fromthe reduced form probits were to
be used as instruments for private goods in the tobit synptom production
function nodels, but explanatory power of the reduced form probit equations
was very poor. In half of the equations for each subsanple the null
hypothesis that all slope coefficients jointly are zero could not be
rejected at the 5 percent level and in all equations key variables such as
househol d i ncome had insignificant and often wongly signed coefficients.
Anot her problem is the absence of private good price data specific to each
respondent . The original survey materials requested these data but after
pretesting, this series of questions was dropped because many respondents
often made purchases jointly with 3 house or car and were unable to provide

even an approxi mate answer. As a consequence, two-stage estimation was not
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pursued further with the likely outcone that estimates of willingness to
pay for nonmarket commodities and public goods may have a downward bias.

Tables 2 and 3 present illustrative synptom production function
estimates for inpaired and normal subsanples. Equations presented are
representative of a somewhat broader range of alternative specifications
avail able from the authors on request. The overall explanatory power of
t he nodel was eval uated by testing the null hypothesis that all estinated
coefficients (excepting the constant terns) jointly are zero. A Likelihood
ratio tests rejects this hypothesis for both subsanples at significance
level s less than one percent. Al so, estimates of the individual specific
error conponents, denoted g have |arge asynptotic t-statistics which
confirms persistence of unobserved personal characteristics that affect
synpt ons.

Table 2 shows that chronic health ailments and hay fever are
positively related to synptom occurrence anong nenbers of the inpaired
group. Coefficients of ASTHWA, BRONCH, SHRTWHZ, and HAYFEV are positive in
equations for both chest and throat and other synptons and have associated
asynptotic t-statistics that range from2.1 to 7.6. The coefficient of
FLEM2O is positive and significantly different fromzero at conventiona
level s in the chest and throat equation, but its asynptotic t-statistic is
| ess than unity in the equation for other synptons. The coefficient of AGE
was not significantly different fromzero in either equation and the
EXPWORK vari abl e was excl uded because of convergence problems with the
bivariate tobit algorithm 16 Variabl es measuring gender, race, and narita
status never were included in the analysis because 92 percent of the
i npai red respondents were nmale, 100 percent were white, and 90 percent were

married. Residents of Burbank experience chest and throat synptons with
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| ess frequency than do residents of @endora. O course, nany possible
factors could explain this outcone; however, Burbank has had a |ess severe
long term anbient ozone pollution problem than dendora. For exanple, in
1986 average one day hourly maxi num ozone readings in Burbank and @ endora
were 8.7 pphm and 10.2 pphm respectively, and a sinilar difference in
ozone readings has persisted at |east since 1983.

Wth respect to private and public inputs to the synptom production
functions, the coefficient of ACCAR is negative and significantly different
fromzero at the 10 percent level using a one tail test in the other
symptons equation, while the coefficient of ACCEN is negative and
significantly different from zero at the 5 percent level using a one tail
test in both equations. Results from estimated equations not presented
reveal that NOTGASCK and use of air purification at home never are
significant determnants of synptoms in the inpaired subsanple. Aso, 03
CO, and NO2 exert insignificant influences on occurrence of both types of
synptons.  \When four air pollution variables were entered, collinearity
bet ween them appeared to prevent the maxi num |ikelihood al gorithm from
conver gi ng. Consequently, S02 was arbitrarily excluded fromthe
specification presented and the three air pollution measures included as
covariates should be interpreted as broader indices of ambient poll utant
concentrations. Variables neasuring tenperature and hum dity were excluded
fromthe Table 2 specification; but in equations not reported their
coefficients never were significantly different from zero

Tabl e 3 presents correspondi ng synptom production estinmates for the
subsanple with normal respiratory function. HAYFEV is the only health
status variable entered because ASTHVA, BRONCH, SHRTWZ, and FLEMCO were

used to define the inpaired subsanple. Coefficients of HAYFEV are positive



in equations for both chest and throat and other symptons and have
t-statistics of 1.61 and 1.87, respectively. Coefficients of BURB are
negative;, but in contrast to inpaired subsanple results, they are not
significantly different from zero at conventional levels. AGE and EXPWORK
enter positively and their coefficients differ significantly from zero at
2% percent in the other synptons equation. Anong private goods entering
the production functions, coefficients of APHOVE and ACHOVE never were
significantly different from zero at conventional |evels, and these
variables are excluded from the specification in Table 3. Use of air
conditioning in an automobile reduced chest and throat synptom occurrences
and cooking with a fuel other than natural gas (marginally) reduces ot her
synptons.  Variables measuring gender, race, and marital status again were
not considered as the normal subsample was 94 percent nale, 99 percent
white, and 88 percent nmarried. In the nornmal subsanple, collinearity and
al gorithm convergence problens again limted the nunber of air pollution
variables that could be entered in the same equation. As shown in Table 3,
03, Q@0 and NO2 coefficients had associated t-statistics of 1.16 or
smal | er. Tenperature and humdity variables are excluded from the
specification shown in Table 3. In alternative specifications not
reported, coefficients of these variables never were significantly
different fromzero in alternative equations not reported.

Three pieces of information are required to use the estimates in
Tables 2 and 3 in the calculation of values for reductions in synptoms and
air pollutants: (1) marginal effects of air pollutants on synptoms, (2)
marginal effects of private goods on synptoms, and (3) prices of private
goods . Marginal products were defined as the effect of a small change in a

good on the expected nunber of synptons. Conputational fornulae were
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devel oped extending results for the tobit nodel (see McDonald and Mffit
1980) to the present context which allows for variance conmponents error
structure. However, because private goods are measured as dummy variables
and, therefore, cannot be continuously varied, increnental, rather than
mar gi nal , products are used.

The final elenents needed to conpute value estinmates are the prices of
private goods. Dealers of these goods in the Burbank and G endora areas
were contacted for estimates of initial investnent required to purchase the
goods , average length of life, scrap value (if any), and fuel expense.
After deducting the present scrap value fromthe initial investnent, the
net initial investnent was anortized over the expected | ength of years of
life. Adding annual fuel expense yields an estimate (or range of
estimates) of annual user cost of the private good. The annual costs then
were converted to two-day costs to match the survey data. I The dependent
variables used in the estimted equations do not distinguish between one-
and two-day occurrences of synptons, but approximately one-half of the
occurrences were reported as two day occurrences. As a consequence, the
value estimates obtained were divided by 1.5 to convert to daily val ues.

Two tests were performed prior to estimating values of synptom and air
pol lution reduction. First, calculations were made for both nornal and
i mpai red subsanmples to ensure that relevant ratios of incremental products
of private goods in reducing synptoms bracketed the corresponding price
ratio. Recall fromthe discussion in Section Il that this condition
guarantees that value estimates for reducing both types of synptons are
positive. A problemin making this calculation is that estimates of
increnental rates of technical substitution vary across individuals

(increnmental products are functions of individual characteristics), but no



respondent specific price information is available. As just indicated,
dealers in G endora provided the basis for a plausible range of prices to
be constructed for each good. If mdpoints of relevant price ranges are
used together with incremental rates of technical substitution taken from
Tables 2 and 3, the bracketing condition is net for all 100 respondents in
the nornmal subsanple and 117 of 126 respondents in the inpaired subsanple.
O course, alternative price ratios selected fromthis range meet the
bracketing condition for different numbers of respondents

Second, possible singularity of the synptom technology matrix was
anal yzed using a Wald test (see Judge et al. 1985, p. 215 for details).18
In the context of estimates in Tables 2 and 3, the distribution of the test
statistic (Ax) is difficult to evaluate because relevant derivatives are
functions of covariate values and specific to individual respondents
However, if derivatives are evaluated in terns of the underlying |atent
variabl e nmodel, they can be expressed in terns of parameters only and A is

distributed as Xz

with 1 degree of freedom Adopting this sinpler
approach, p-values for the Wl d test statistic are large: p = .742 for the
i mpai red subsanpl e equations and p = .610 for the normal subsanple

equations. 19

As a consequence, the null hypothesis of singularity of the
synmptom technology matrix is not rejected at conventional levels. This
result suggests that in both subsanples, there does not appear to be an
i ndependent technol ogy for reducing the two types of synptons, budget
constraints are nondifferentiable, and separate value estinates for
chest and throat and other synptoms should not be cal cul at ed.

A conmon value for reducing chest and throat and other synptons stil

can be obtained by aggregating the two categories and re-estimting

production functions in a univariate tobit franework. Table 4 shows



results based on using the same covariates as those reported in Tables 2
and 3 and retaining the variance conponents error structure. The Table 4
equations al so make use of a constraint requiring that if m>n =1, the
marginal rate of technical substitution must equal the input price ratio to
insure that values of marginal willingness to pay to avoid a synptom nust
be identical no matter which private good is used as the basis for the
cal cul ation. In the case where m= 2 and n = 1, as discussed in Section

I' 1 this single value is “U /X = —(Pl/Si) = -(Pz/sé). In the inpaired
subsanpl e, the restriction can be tested under the null hypothesis,

Byt Baccar = Paccar’Pacuone’ Bachove’

ACCAR and ACHOME in the latent nodel and the p, are m dpoi nts from the

(p where the B, are coefficients of
estimated range of two day prices for the private goods. In corresponding
notation, the null hypothesis to test in the normal subsanple is,

H (p

)6 Bot h hypot heses are tested

0 ¢ Paccar = Paccar’/Prorcasck BroTcasck”
against the alternative that coefficients of private goods are

unconstrained parameters, using a likelihood ratio test.

P-values for the parameter restrictions are conparatively |arge;
P =.623 in the inpaired subsanple and P = .562 in the nornal subsanple.
Thus , the above null hypotheses are not rejected at conventiona
significance levels. This result supports a critical inplication of the
previously presented household production nodel, namely that individuals
equate nmarginal rates of technical substitution in production with relevant
price ratios. Mreover, coefficients of private good variabl es defined
under the null hypotheses for the two subsanples have t-statistics
exceeding two in absolute value. Perfornmance of remaining variables is
roughly conparable to the bivariate tobit estimates. A notable exception

however, is that in the normal subsanple univariate tobit estinates,



coefficients of 03 and NO2 are positive with t-statistics exceeding 1.6.
This outcome suggests that persons with nornal respiratory function tend to
experience more synptoms when air pollution levels are high, whereas those
with inpaired respiratory function experience synptoms with such regularity
that there is no clear relationship to fluctuations in air quality.
Intensity of particular synptonms nay be greater in both subsanmples when
pol lution levels are high, but this aspect is not directly neasured

Table 5 presents estimates of nmarginal wllingness to pay to avoid
synptons and to reduce two air pollutants. Unconditional values of
relieving synptons and reducing air pollution are calculated for each
respondent from observed univariate tobit nodels. Table 5 reports the
mean, nedi an, and range of respondents’ marginal wllingness to pay to
elimnate one health synptom for one day as well as nean margina
willingness to pay to reduce air pollutants by one unit for one day for the
normal subsanple.  Synptom reduction values range from $0.81 to $1.90 in
the inpaired subsanple and from $0.49 to $1.22 in the nornmal subsanple with
means of $1.12 and $0.73 in the two subsanpl es, respectively.20 Al'so ,
values of willingness to pay to reduce one hour daily maximum | evels of 03
and N2 by one part per ten nillion are $0.31 and $0.91 in the norma
subsanple.  Corresponding cal culations are not reported for the inpaired
subsampl e because, as shown in Table 4, coefficients of air pollution

variables are not significant at conventional |evels.

V. Concl usi on
WIllingness to pay values of synmptomreduction and air quality
i nprovenment just presented should be viewed as illustrative approxinations

for two reasons. First, private goods used in conputing the estinates are
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likely to be direct sources of utility. Second, synptom experience and
private good purchase decisions are likely to be jointly determ ned.
Neverthel ess, these estimates still are of interest because aspects of
joint production are taken into account. A key finding is that independent
technol ogi es for home producing synptons are difficult to identify, thus
greatly limting the nunber of individual synptons for which values can be
conputed. In fact, the 26 synptons anal yzed here had to be aggregated into
a single group before willingness to pay values could be conputed.

This outcone appears to have inplications for estimating wllingness
to pay for nonmarket conmmobdities in other contexts. An obvious exanple
concerns previous estimates of wllingness to pay to avoid health synptons.
Berger et al. (1987) report one day wllingness to pay values for
elimnating each of seven minor health synptonms, such as stuffed up
si nuses, cough, headache and heavy drowsiness that range from $27 per day
to $142 per day. Geen et al. (1978) present estimates of wllingness to
pay to avoid sinilarly defined synptons ranging from $26 per day to $79 per
day. In both studies, however, wllingness to pay estimtes were obtained
synptom by synmptom in a contingent valuation framework that ignores whether
I ndependent technol ogies are available to produce each. Thus, respondents
sinply may have |unped total willingness to pay for broader health concerns
onto particular synptons. Sone respondents may also have inadvertently
stated their willingness to pay to avoid synptons for periods |onger than
one day.

Anot her exanple relates to emerging research ained at splitting
willingness to pay to reduce air pollution into health, visibility, and
possi bly other conponents. Froma policy standpoint, this line of inquiry

IS inmportant because the Clean Air Act and its subsequent anendnents focus
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primarily on health and give |ess weight to other reasons why people my
want |ower air pollution |evels. Anal yzing | ocation choice within
nmetropolitan areas, for exanple, nay not provide enough information to
decompose total willingness to pay into desired conponents. | nst ead,
survey procedures must be designed in which respondents are either rem nded
of independent technologies that can be used to home produce air pollution
rel ated goods or else confronted with believable hypothetical situations

that allow one good to vary while others are held constant.
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FOOTNOTES

1Another, possi bly troubl esone, aspect of joint production occurs if

some or all elements of V are argunents in the utility function. This
conmplication is discussed nonentarily.
2Hori identifies three sources of nondifferentiability of the budget
surface under joint production. The first occurs if the nunber of private
goods is less than the nunber of commodities. The second arises because of
nonnegativity restrictions on the private goods. This is not treated
directly in the present paper, but if each private good is purchased in
positive quantities, the chosen conmmodity bundle will not lie at the second
type of kink. Hori’'s third cause of nondifferentiability inplies linear
dependence anong the rows of the technology matrix, a possibility
consi dered bel ow.

3Notice that this point on aggregation may apply to other valuation
methods as well. Using contingent valuation surveys, for exanple, Geen et
al. (1978) and Berger et al. (1987) obtained value estimtes of severa
specific synptoms; however, issues relating to existence of independent
synpt om technol ogi es never was faced. Future contingent valuation surveys
may do well to consider this point prior to eliciting estimates of
wi | lingness to pay.

4For exanpl e, suppose m=n = 2 and both private goods are direct
sources of wutililty. If equation (6) is used to solve for the v, /x, then:

(1) if the two marginal rates Of technical substitution (MRTS) do not

bracket the price ratio, then the value of the comodity whose



MRTS is closer in magnitude to the price ratio will be overestimated,
while the value of the other commdity will be underestimted; (2) if
the two MRTS val ues do bracket the price ratio, then the value of

either one or both of the commodities will be overestimted; and (3)

in no case will the value of both conmodities be underestinated.

5Both questionnaires are presented and extensively discussed in Vol une
Il of Dickie et al. (1987(b)).

6Chest and throat synptoms include (1) cough, (2) throat irritation
(3) husky voice, (4) phlegm sputum or nucous, (5) chest tightness, (6)
could not take a deep breath, (7) pain on deep respiration, (8) out of
breath easily, (9) breathing sounds wheezing or whistling. Cher synptons
are (1) eye irritation, (2) could not see as Well as usual, (3) eyes
sensitive to bright light, (4) ringing in ears (5) pain in ears, (6) sinus
pain, (7) nosebleed, (8) dry and painful nose, (9) runny nose, (10) fast
heartbeat at rest, (11) tired easily, (12) faintness or dizziness, (13)
felt spaced out or disoriented, (14) headache, (15) chills or fever, (16)
nausea, and (17) swollen gl ands.

7An alternative to counting the nunber of different synptons
experienced in the two days prior to the interview would be to consider the
nunber of synptonidays experienced. Both approaches were used to construct
enpirical estimtes; however, to save space, only those based on counts of
different synptons are reported. Both approaches yield virtually identica
value estimates for synptom and air pollution reduction.

8

Cooking with a fuel other than natural gas reduces exposure because

gas stoves emt nitrogen dioxide
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%he equations also were estimated after defining the pollution
variables as the largest of the one hour nmaxima on the two days; simlar

results were obtained.
10

Al though there is a linear relationship between the |atent dependent
variables and the private goods in the tobit nodel, the relationship
bet ween the observed dependent variables and the private goods has the
usual properties of a production function. The expected nunber of
synptons is decreasing and convex (nonstrictly) in the private goods

11Rosenzweig and Schultz also initially specify their production
functions in translog formand then test whether restrictions to CES and
Cobb- Douglas forns are justified. This type of analysis is not pursued
here as nost of the covariates used are 0-1 dumy variables. Squaring
these variables does not alter their values. Interaction variables of
course, still could be conputed.

12Wilcox—G6k used variance conponents to control for famly-specific
effects in pooled sibling data rather than for individual-specific effects
in pooled cross section-time series data.

13The tobit coefficients and variances of the nodel are estimated by
maxi m zing the likelihood function using the nethod of Berndt, Hall, Hall,
and Hausman (1974). The score vectors are specified analytically and the
information matrix is approximted nunerically using the sumred outer
products of the score vectors. Starting values for the coefficients and
the standard deviations of the transitory error conponents were obtained
from two independent tobit regressions with no permanent error conponent.

In prelimnary runs a starting value of unity was used for the standard

deviation of the permanent error conponent, but the starting value was
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adjusted to 1.5 after the initial estimte was consistently greater than
one.

14The foll owi ng discussion draws heavily on Hsiao (1986) and Maddal a
(1987).

15C‘ovariates in the reduced formregressions are:  ASTHVA, BRONCH,
FLEMOO, SHRTWZ, HAYFEV, BURB, ACE, EXPWORK, years of education, npunber of
dependents, household income, and an occupation dummy variabl e nmeasuring
whet her respondent is a blue collar worker.

|6In the inpaired subsanple, inclusion of EXPWORK frequently caused
the bivariate tobit algorithmto fail to converge. This problemarose in
the specification presented in Table 2; consequently the EXPWORK variable
was excl uded.

U The estimt ed two-day prices are: $2.34 for ACCEN, $1.00 for ACCAR
$0.80 for NOTGASCK. The discount rate was assunmed to be 5 percent.  For
further details of the procedure used to estimate prices, see Dickie et al
(1987(a)).

18The Wal d test was chosen because its test statistic can be conputed
using only the unconstrained estimates. Since the l|ikelihood and
constraint functions both are nonlinear, re-estimating the nodel with
the constraint inposed would be considerably more difficult than conputing
the Wald test statistic. Gegory and Veall (1985) identified a problem
with Wald tests of nonlinear restrictions: changing the restriction into a
formthat is algebraically equivalent under the null hypothesis wll change
the p-value of the test. To check for this problem the constraint was
tested in tw forms. The first, reported in the text, is

2 2

1 , 1,.1 2
HO : slsg - Sésl = 0. The second is Sl/s2 - SI/SZ = 0. In all cases both

tests yielded nearly identical p-values.
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9In other estimates of synptom production functions not reported
here, corresponding p-values also are large, alnost always exceeding .25
and sonetines the .80-.90 range.

20For conparison purposes, mean val ues also were estinmated at
subsanpl e means of all explanatory variables. Results differ little with
neans conputed over respondents. Evaluated at subsanple nmeans, willingness

to pay to elinmnate one synptomfor one day is $1.05 in the inpaired

subsanmple and $0.70 in the normal subsanple.



TABLE 1 .--FREQUENCY DI STRIBUTI ONS OF SYMPTOVE BY SUBSAMPLE

Nunmber of Chest and

Throat Synptons Nunber of O her
Experienced in Past Sympt ons  Experi enced
Two Days In Past Two Days
| mpai red Nor mal | mpai red Nor mal
0 351 408 257 338
1 84 41 123 79
2 64 18 85 42
3 48 15 73 18
4 37 9 45 12
5 26 4 28 5
6 16 6 14 6
7 8 2 9 2
8 8 0 4 |
9 2 0 2 0
10 0 0 | 0
11 0 0 ! 0
12 0 0 2 |
13 0 0 0 0
14 0 0 0 0
15 0 0 0 0
16 0 0 0 0
17 0 0 0 0
Sanpl e Mean 1.348 0.453 1. 668 0.692




TABLE 2. --BI VARIATE TOBIT SYMPTOM PRCDUCTI ON FUNCTI ON ESTI MATES:

IMPAIRED syssaMPLEZ

Chest and Throat O her
Synpt ons Synpt ons
CONSTANT -3.085 -2.043
ASTHVA (3. 055 535,
s § 5 3
s 1 G
FLEVDO (368 e
HAYFEV (09 (3859
BURB (3309 (2-353)
(.6: 128 (-1.539)
ACE . 2986 2. 042
(0. 159) (1.177)
EXPWORK ---b b
ACCAR -0. 3485 -0. 4395
ACCEN (:9-85%) (5 24
03 (ﬁg% ('(11;?%92
0 ( '10: 558 (6: 060tk
N@ [t 4
(0. 7744) (0.9282)
o, 2.617 2. 454
(17.70) (20. 81)
o] 1. 827
H 521. 17)
Chi-Square® 48.7
P-Val ue for
Val d Test 0.742
Nunmber af
lterations® 21

AThe dependent variables are the nunpers of synptoms reported in the “chest and throat”

category and in the “other” cate?ory. Asynptotic t-ratios are in parentheses. AGE is
measured in centuries, COin parts per hundred thousand, and 03 and NO2 in parts per ten
milion. Al remaining explanatory variables are dummies. Note the long term health
status dummes do not represent mitually exclusive categories.

bonitted due to convergence probl ens.

“The chi-square test statistic is -21nA, where X is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero.

UThe convergence criterion is 0.5 for the gradient-weighted inverse Hessian.



TABLE 3. --BI VARIATE TOBI T SYMPTOM PRODUCTI ON FUNCTI ON ESTI MATES:
NORMAL SUBSAMPLE®

Chest and Throat O her
Synpt ons Synpt ons
CONSTANT -5.789 -5. 479
HAYFEV (550 (270
BURB (181 (L 81)
ace +1 (-0.410
EXPWORK (8:g§é3 (%:%g}
ACCAR (11 '9%1‘37) (553%%
(-2.905) -12057g
NOTGASCK -0. 4613 -0. 856
03 (-0 6312 L35
ey i )
co . -0,
(0.07729) (-0.05241)
NO2 1. 841 1. 069
: e ey
Y (10. 15) (11 31)
% B
Chi-Square® 69. 81
P-Val ue for
Val d Test 0.610
Nunber of
lterations® 20

®The dependent variables are the numbers of synptoms reported in the “chest and throat”
category and in the “other” cate?ory. Asynptotic t-ratios are in parentheses. AGE is
measured in centuries, COin parts per hundred thousand, and 03 and N2 in parts per ten
mllion. Al remaining explanatory variables are dummies

DThe chi-square test statistic is -21nA, where A is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero

“The convergence criterion is 0.5 for the gradient-weighted inverse Hessian



TABLE 4. -- UNI VARI ATE TOBI T SYMPTOM PRODUCTI ON FUNCTI ON ESTIMATES?

aire I
| mpai red Nor rmal
Subsanpl e Subsanpl e
CONSTANT -2.253 -6.085
(-1.263%2 (-2.329)
ASTHWA 1. 033
(1.953)
BRONCH 4, 649
(7.708
SHRTWHZ 1.90
(3.242)
FLEMCO 1. 769
(3.607)
HAYFEV 1.574 2.216
(3.137 (2.378
BURB -1.83 -13623
(-2.927) (-1.126)
ACE 1. 200 6.351
(0.4034) (1.165)
EXPWORK 1.725
(2.039)
ACCAR -0.5900 -1. 260
(-2.585) (-2.425
® 0.1629 0.5941
(0.4846) 61. 616)
co 1. 013 . 3722
%0. 8041) (0.2163
NO2 .8930 1.72
(1.130) (1.784)
gy 3.684 3.790
(37.29) (22.47)
oy 2.582 2.516
(15.84) (8.822)
Chi-Square® 77.88 36. 45
P-Val ue for o
Paraneter Restrictions 0.623 0. 562
Nunber of
Iterations? 8 5

arne dependent variable Is the total nunper of synptoms reported. Asynptotic t-ratios are In
parentheses.  ACE is nmeasured in centuries, COin parts per hundred thousand, and 03 and N2
In parts E)er ten mllion. Al remining explanatory variables are dummes. Note the long
term health status dummies do not repreSent mutually exclusive categories.

Donitted due to convergence probl ens.

“The chi-square test statistic is -21nA, where A is the likelihood ratio, for a test of the
nul | hypothesis that the slope coefficients in both production functions are all zero.

Urhe convergence criterion is 0.5 for the gradient-weighted inverse Hessian.



TABLE 5. --MARG NAL W LLI NGNESS TO PAY TO RELI EVE SYMPTOMS AND
AVO D AIR POLLUTI ON

| npai red Subsanpl e

Synpt ons a3 NC2 Co

Mean $1.12 ---8 ---4a ---4a
Medi an $1. 09
Maxi mum $1. 90
M ni mum $0. 81

Nor mal Subsanpl e

Synpt ons 03 NO2 Co

Mean $0. 73 $0.31P 50.91P ---a
Medi an $0. 70
Ma xi mum $1.22
M ni mum $0. 49

a

b

Denotes coefficient not significantly different from zero at 10 percent
l evel using one tail test in estimated equations presented in Table 4.

Estimates of willingness to pay for reduced air pollution do not vary
across sanple nmenbers. In the conputational ratio, respondent specific
information appears both in the numerator and denomi nator and therefore
cancel s out.
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