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VALUATI.ON OF REDUCTI.ONS LN HUVAN HEALTH SYMPTOMS AND Rl SKS

This is Volunme 4 of a four volume report. The project
undertakes an assessnent and reconciliation of attenpts to value
reductions in human health risks,' and it devel ops new nethods and
estimates for these values. Volune 1 is the executive summary.
Volume 2 contains a conparative assessnent of work on valuing
health risks. Based on the assessnent, a set of interim
nmorbidity and nortality values applicable to effects of criteria
air pollutants is devel oped. Volune 3 reports on a study
devel oping and applying contingent valuation techniques to the
types of light synptons often attributed to air pollution.
Volume 4 reports on the design of approaches for valuing serious
or life threatening illnesses.

Abstract of Voluoe 4
CONCEPTS AND APPROACHES TO THE VALUATION OF SERI QUS | LLNESS

Volume 4 extends the analysis of health valuation to life
threatening illness.

Section 4.2 considers altermative definitions of health
and, for the study of serious illnesses resulting from environ-
nmental causes, concludes that a definition in terns of absence of
synmptons should be used. The potential contributions of various
pollutants to the risks of serious illnesses are reviewed, in
order to choose which diseases should be studied and what ranges
of risks are relevant. Specific neasures of health status are
eval uated including synptom description, self-assessnent, health
risk appraisal, health indexes and nulti-attribute wutility
functions. The first three of these are recomended for
contingent wvaluation studies.

Section 4.3 develops a life cycle explanatory framework

for wvaluing reductions in life-threatening illness that guides
the remainder of the study. Wthin this framework, |ongevity
(i.e. nortality) and quality of life (as affected by norbidity)
are considered together in a unified context. Young people, pre-
sented with inproved prospects for greater health and |ongevity
only after a long period of tine, wll heavily discount the
benefits and will pay little, even though aware that their pre-
ferences many years hence wll be different. Policies that
promse a near-term benefit wll be valued nuch nore highly by
people of any age. If people can easily substitute near term
consunption for deferred consunption, they wll place |ess value
on additions to life expectancy. The capacity for consunption
changes over the life cycle. An added year of |ife acconpanied
by high incone or accunulated wealth, together with a high quali-
ty of leisure tine, will be valued relatively highly. Latency is

modelled wWithin the life cycle framework.

Section 4.4 develops a nodel of choice wunder wuncertain



preferences, bringing utility theory to bear on the problem of
valuing small changes in events that are thought of only infre-
quently and nmay involve low probabilities of occurrence. The
nodel is applicable to eontingent valuation approaches to serious
illness. The nodel assumes environnmental health risks are un-
famliar to nobst people, and that because people seldom have
occasion to think carefully about them they are uncertain about
their preferences concerning them The nodel leads to twelve
theorens for stimulating people to obtain inproved know edge
about their preferences and to state valid, consistent risk
reducti on val ues.

Section 4.5 applies the preceding sections to contingent
valuation of |ife threatening ill ness. A structure for an inten-
sive interviewing process is developed, based on techniques of
in-depth interview ng.

The proposed interview structure contains four nodules. The
first nodule concerns the repsondent's health experiences. The
defensive neasures nodule is the second module.: -The third nodule

pertains to risk perception and risk behavior. This nodul e
teaches respondents basic notions of probability and conveys
information about probabilities involved in health. Information

is obtained about repsondent perceptions and attitudes towards
risks.

Contingent valuation questions form the fourth nodule. The
nmodul e begins with sinple questions involving certainty scenarios

and nortality only, after which serious illnesses are introduced.
Then |ife path scenarios are introduced that conbine norbidity
and nortality in a life cycle setting. Respondents are asked to

choose anong and value the scenarios, first in a certainty and
then an uncertainty setting.
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4.1. OVERVI EW

Volune 4 extends the analysis of health valuation to the

domain of life threatening illness. It provides an original
framework that can be wused to obtain values of increased
| ongevity and reduced risks of death from serious illness.

Section 4.2 provides a discussion of approaches to the
measurement of health status. This section is a pre-requisite to
determining how to nmeasure health attributes whose value is to be
estimated. Sinple self-rating of health, definition of health as
a good or a bad, broadness of definition extending to nental well
being, disease specific definitions and synptom specific defini-
tions are anong the appraoches to health measurenent that are

consi der ed. A central purpose is to consider which nmeasures
should be wused in estimating values connected with life
threatening illness, giving particular attention to health risks

due to environmental pollutants. Extensions of previous ap-
proaches to health nmeasurenent are suggested.

Section 4.3 develops an explanatory franework to guide the

estimation of values that result from reductions in life-threa-
tening illness. This framework brings out how people's decisions
regarding health and |ongevity depend on their |ife situations

and streans of experiences that have devel oped over |ong periods
of tine. An inportant inplication is that the quality of life
and longevity are part of a single decision naking process, and
that they nust be considered together in a unified context taking
account of a peron’'s life cycle situation. The Ilife cycle
franmework is at the heart ofthe remainder of the study. One of
the chal |l enges brought out by the framework is how to mneasure

the val ue people place-on the reduction of threats to health that
have their effects only after a latency period that may be nany
years in duration. Analysis of this problem is one of the con-
tributions of section 4.3.

Section 4.4 provides the theoretical underpinnings to

anot her aspect of the problem of valuing life threatening ill-
ness. It brings economic theory to bear on the problem of how
peopl e think about and value small changes in small probabilities
of large damages to health or risk to life. A cl ear understand-

ing of this process is essential to determining the benefits of
environmental policies if a contingent valuation approach is to
be used to estinmate val ues. The problem has been wi dely recog-
nized, but heretofore procedures to deal wth it have been
| argely ad hoc. The theoretical perspective of the present study
is that environnental health risks are unfanmliar to nost people,
and that because people seldom have occasion to think carefully
about them they are uncertain about their preferences concerning
t hem Section 4.4 contains a series of theorens that have inpli-
cations about efficient ways of stimulating people to obtain
i mproved know edge about their own risk preferences and to state
valid, consistent risk reduction val ues.
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Section 4.5 brings together and applies all of section 4

research on life threatening illness. A structure for an in-
depth intensive interviewing process is developed, enbodying
refinenents based on focus group experinments. The structure is

conposed of four nodul es.

The first module <concerns the repsondents' health
experiences. It establishes the health endowment and prepares
respondents to give detailed thought to their health preferences
and val ues.

The defensive neasures nodule is the second nodule of the in-

depth interview franmework. Def ensi ve measures, or averting
behavior, are an inportant part of nany people's efforts to
increase the probability of good health over the life cycle.
They are evidence of a wllingness to pay for inproved life
prospects. Reductions in defensive measures are a part of the
benefits of reducing health risks. |In sone cases ‘averting beha-

vior entails increased expenditures (for example air condi-
tioning), while in other cases reduced expenditures occur (for
exanpl e reduced snoking).

The third nodule pertains to risk perception and risk

behavi or. The first part of this nodul e addresses the problem of
teaching people to grasp the concept of probability as it is
mani fested in environnental health problens. In the second part

of this nodule, respondents are asked questions about their
behavior toward risk and how they perceive the riskiness of a
variety of Ilife situations.

Contingent valuation questions form the fourth nodule.
The contingent valuation questions increase in conplexity,
beginning with sinple questions involving certainty scenarios and
nortality only. Next, serious illnesses are introduced, and
respondents are asked their wllingness to pay to elimnate the
risks of getting diseases. These questions are followed by life
path scenarios that conbine norbidity and nortality in a life
cycle setting. Alternative |life path possibilities are
presented, and respondents are asked to choose anong and value
them first in a certainty and then an uncertainty setting.

It is believed that the approach developed in section 4,
and the extensive preparation for obtaining expressions of wl-
lingness to pay described in the nodules, constitute an advance
in survey research on the values of health inprovenents, and that
intensive enpirical applications are needed.
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4. 2. DEFI NI NG AND MEASURI NG HEALTH OVER LI FE

4.2.1 Overview

Heal th neasurenent is an essential part of any analysis of
the values that people derive from policies affecting health.
Several different nethods of health nmeasurenent have been em

ployed in the literature. Self-assessment IS the nost wdely
used neasure of health status. People are asked to rate their
owmn health as excellent, good, fair or poor. This approach has

been wused in the Center for Health Admnistration Studies
national surveys and in many snaller household surveys.

O her frequently wused approaches include reports of re-
stricted activity days, bed disability days, nunber and severity
of synptons experienced, nunber of chronic conditions, and the
anount of pain experienced by the respondent during the past
year. A variety of attitude questions have also been used, such
as perceived effectiveness of health care [Fuchs, 1982, pp.l44-
145]. Studies of the demand for health care have utilized these
nmeasures of health status. These studies have included non-
market health related activities as well as expenditures on
medi cal care consunption. They have focused on such topics as
price and income elasticities of demand and the effects of
i nsurance on nedical care consunption. Health status is often an
inmportant variable in explaining the demand for health care.

Recent work has enphasized that health is a nulti-
di mensi onal condition whose conplexity should be represented in
health studies in order to avoid bias in the neasurnent of price

and incone elasticities and other inportant variables. The
multi-attribute wutility function is an exanple of the nmulti-
di mensi onal approach. A study of Torrence et al. [1982]

represents health according to four dinensions: norbidity and
physical activity; self care and role activity; enotional well-
being and social activity; and health problens [Chestnut and
Violette, 1984].

In studying values associated with life threatening illness
in this study, it 1is necessary to define and neasure health,
choosi ng anong the previous approaches and building on them where
necessary. Figure 4-1 depicts the progression from health
definition to use of norbidity and nortality data and know edge
about influences on health, to neasurenents for health risk
val uati ons. Drawing on this schena, the present section provides

a critique of previous approaches and suggests extensions, diving
attention to conceptual adequacy and practical considerations in
valuing serious illness.

Section 4.2.2 considers alternative health definitions.
Attention is given first to definitions that consider the dimen-
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FI GURE 4- 1. HEALTH DEFINITION:  STEPS TOMRD QUANTI FI CATI ON

General definitions of health

v

Variables invoived in definition of heaith

v

Health measurement (indexes and indicators)

Morbidity and
mortality data

4
Quantitative health path(s)

Behavioral and environmental

influences which lead to
/ changes in the health path(s)

y

Use for health - risk valuations
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sions of health in terns of various attributes which nmay be good
and desired or alternatively may be bad and undesired.
Definitions of varying broadness are exam ned. Attention is
given second to definitions of health that focus in detail on
synptons or departures from good health, rather than desired
attri butes.

Section 4.2.3 considers the relevance to the neasurnent
probl em of causal factors affecting health. Attention to heredi-
ty» lifestyle and environment as causes of disease helps to
arrive at judgnments as to which health attributes should be
enphasi zed. The view taken here is that definition and neasure-
ment should depend on the purpose at hand. In this study, the
maj or purpose is to consider serious illnesses associated wth
envi ronnmental causes.

Section 4.2.4 turns to health neasurenment per se. Self-
rating of health, the health risk appraisal approach and various
approaches to measuring specific synmptons are considerd in
detail .

Section 4.2.5 considers the inplications of the preceding
sections for empirical work on values associated wth serious
illness. A critique of approaches to health neasurenent from the
point of view of their adequacy for the valuation of serious

illness is given. Criteria include famliarity of respondents
with synptons, ability to enconpass risk, adequacy in terns of
the effects of serious illness on life cycle experiences, brevity

and sinplicity. Refinenents and extensions to previous ap-
proaches to health mneasurenment are suggested.

4.2.2. Aternative Health Definitions

Health is a key determnant of the quality of life. Centr al
to the valuation of health is an understanding of the nature of
health and the forces that influence it. Essential to this effort
is the definition of human health such that deviations from the
conditions it describes can be quantitatively described.
Wiile nost people have an instinctive conprehension of what
constitutes "health," few explicit working definitions are in
common use. A multitude of biological, behavioral, cultural and
social factors conbine to shape human health--factors which act
in both favorable and unfavorable ways to determine the I|evel of

wel | -being of a person at any point in time. "Death" is easily
and explicitly defined as the end or extinction of'life. "Mr-
bi d" indicates diseased, sick, or unhealthy. But the definition

of health itself is nmuch nore elusive, particularly when quanti-
fication is desired. Wbster defines health as "physical and
mental well-being," "soundness," and as "vitality," "prosperity,"
and "flourishing condition." Health is thought of also as sinply
the absence of illness or norbidity, i.e., a biological state
dependent upon biological factors. As Banta (1981) points out,
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other nore recent definitions of health also stress life func-

tioning, nental state and self fulfillnent. Hoyman (1965) ex-
plains that "health is a process of continous change or adapta-
ti ont hroughout the human life cycle. |In fact there is no single

definition of health, although many definitions have been de-
vel oped and are currently in use."

Carroll, Mller and Nash (1976) push the definition beyond
absence of disease or disconfort to the ability "...to function
effectively, happily, and as long as possible in a particular
environment . " A statement issued by the Wrld Health
Organi zation describes health as a "state of conplete physical,
mental and social well-being, and not nerely an absence of
di sease" though this may be a statenent of goals rather than a
definition (Hanlon and Pickett, 1984). Geat Britain's Royal
Commission on the National Health Service aptly sumed up the
debate by declaring that "health itself is not a sinple concept.”
Clearly, health is much more than mere absence of disease, and it
has extrenely great val ue.

Another related concept which is wundergoing a change in
neaning is that of "nedical care,”" which traditionally has neant
the provision of nedical services by, or under the direction of,

physi ci ans. In recent years, the enphasis of such care has
broadened to include preventive, as well as strictly curative,
nmeasures to preventive actions -- albeit still provided by the
physician in a clinical setting.

Broader still is the term "health care,” no longer the
exclusive, province of the clinical physician. The term "health
care" has conme to replace "nedical care"™ in many instances.
QG her new ternms such as "health pronotion,” "health maintenance,"
and "disease prevention" have come into use (often

i nterchangeably) to characterize the new preventive focus of
health care which includes measures to be undertaken by
i ndi viduals thensel ves. The Surgeon GCeneral's Report (1979)
descri bes disease prevention as the protection of people from the
harnful effects of health threats (diseases, environnmental
hazards) . Heal th pronotion neasures are ainmed, at well, as well
as ill, people (pronotion of activities to inprove lifestyles).

Perhaps the nost far-reaching of the new health concepts are
"wellness" and "high-level wellness" (Ardell, 1977; Travis,
1977), which can be defined as "active processes through which
t he individual beconmes aware of and nmakes choices toward a nore
successsful existence" (Hettler, 1981). Indeed, individuals are
becoming increasingly aware of the nmerits of pronoting their own
health; sizable investnents in tinme and other resources are being
made.

Gven the array of simlar terns and definitions introduced
above, an attenpt to visualize these conceptual relationships
suggests a health continuum described by Brubaker (1983). From
this point of view, illness and death |lie atone end, wellness at
the other, while an individual's state of health is characterized
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by any degree of illness or wellness. Hettler offers a sonewhat
exapanded representation of the health continuum adding terns to
describe social well-being and ability to function wthin a
soci ety.

4.2. 3. Role of Causal Factors

4.2.3.1 Background

Causal factors in health include hereditary, lifestyle and
envi onr ment al factors. The causal factors are relevant to the
definition and neasurenent of health, primarily because they
determne the strength of various health attributes, which helps
to distinguish the inportant from the uninportant. For exanpl e,
if environnmental change affects the incidence of cancer, then
cancer synptons and not the entire range of health attributes

will be a principal focus in a study related to the environnent.
Among cancer synptons, the degree of refinenent of neasurenent of
physical pain versus nental anguish wll be determned by the

relative strength of these attributes anong cancer victinms. Fur-
thernore the causal factors determne how greatly a policy wll
affect health attributes, which in turn determnes the range of
change in health attributes that need to be studied.

As noted, health is influenced by a great nunber of forces,

which can be described as hereditary, lifestyle, and environnen-
tal. Health can be seen as a process of continuous adaptation to
the effects of these forces (Carroll, MIller, and Nash,). The

nature of these influences and their relative inportance to human
health have been described by Hettler and by Blum . Health is
described as an indivisible whole comprised of somatic
(physical), social, and psychic (nmental) well-being: illness in
any one of the three facets affects the other two.

O primary concern to the valuation of risk reduction are
the environnmental and- behavioral influences on health, and, to a
limted extent, nedical or health care. Heredity, though inpor-
tant, wll not be given further attention here. Furthernore, the
definition of environment outlined by Blum enconpasses educati on,
culture, and politics, factors beyond the scope of this study.
For our purposes, environnment consists of the interaction between
human health and physical factors, such as air and water quality
stressors, toxic substances present in the anbient environnent,

wor kpl ace hazards, radiation exposure and accidents. W assune
that these aspects of the physical environment are partly under
the control of an individual. Behavioral factors are under even

greater control of the individual, and denonstrably influence
personal health (Sonmers, 1980).

Some generally accepted conclusions are:
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1. Everyone is endowed wth <certain health assets at
birth. These may be above or below averages for the

popul ation in general. Regardless of initial birth
endownrent, however, the health of an individual is
subj ect to change.

2. Interventions can influence the health of each
i ndi vidual either positively or negatively. Sonme
interventions will have an immediate effect on health
level (e.g., an autonobile accident); the effects of

other interventions may not nanifest thenselves until
years after the intervention (latent effects of
cigarette snoking, for exanple). These exanples are
illustrated in figure 4-2.

3. Heal t h changes can be tenporary and reversible, such as
t hose associated with a common cold or exercise, or the
. health change can be permanent such as loss of a linb
or contraction of enphysena.

4. Interventions may be voluntary, involuntary, or
sonething in between. Cgarette snmoking clearly is
voluntary, but subjecting oneself to the risks of
living near a hazardous chemical facility may be either
voluntary or involuntary, depending on the anount of
information available to the risk taker.

5. The health path will, at sone point, termnate in

death. For an individual, this term nation can occur at
any age, regardless of health.

4.2.3.2. Rol e of Behavior or Lifestyle

The influence that behavior can have on health has been |ong
recogni zed, but systematic study and measurenment of the
inplications of human actions on health are recent devel opnents.
Behavior patterns, or lifestyles, are at |least partly under
i ndividual control. Lifestyle is intimately tied to social class
and culture -- conplex concepts describing characteristics of
human interactions whose effect on health is not easily quanti-
fied. Nonet hel ess, it is clear that intervention against life-
style-induced risk factors can reduce the probability of dying
from the major causes of death (Berkman and Breslow, 1983; Klein,
1980; Mausner and Shira, 1984; Soners, 1980).

As Somers affirnms, the |inks between behavior and health can
be summarized in three statenents:

1. The major causes of death, serious illness, and
disability in the United States today are chronic
di sease and violence (see table 4-1):

2. Mbst chronic disease, disabilities, and premature
deaths are related to a variety of environnmental and
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Capability

FI GURE 4-2. EFFECTS OF | NTERVENTI ON

[} U !
40 60 80 100

Age
(A) is a short - term intervention which has an immediate
short-term positive temporary effect on healith (such as exercise).

(B) is another short-term intervention, but it has a latent but
substantial permanent deleterious effect (such as exposure

to a carcinogen).
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TABLE 4-1. DEATH RATES: Leading Causes of Death,

United States,

Cause Rate/100,000 Percent of

Popul ati on Al'l Deaths
D seases of heart 333 38
Mal i gnant neopl asna 183 21
Cer ebrovascul ar di sease 77 9
M scel | aneous chronic diseases** 56 7

Accidents, including notor vehicle,

sui cide, and hom ci de 70 8
O her 151 17
Al'l causes 870 100

* Figures Rounded

*% [Djabetes, cirrhosis of |Iliver,

From National Center for Health Statistics:

Statistics, 1979, Volune 11, Part A
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arteriosclerosis,
enphysema and asthma, nephritis and nephrosis,
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behavi oral factors,, which nay be preventable;

3. Lifestyle pattern is the nmjor behavioral risk factor
involved in chronic disease contraction and disability
(Soners).

No matter how conprehensive a nation's prograns of
envi ornmental nonitoring, or how extensive its health care
services, the individual is ultimately responsible for mnimzing
threats to his health (Mechanic and deary, 1980). Factors such

as snoking, alcohol and drug abuse, lack of exercise, reckless
driving and failure to use seat belts can have considerable
effects on health status and |ife expectancy (Breslow, 1978;

Breslow and Enstrom, 1980; Mechanic and Cdeary, 1980). This is
not to say that people can easily correct negative behavior,
because they are a part of the larger society and influenced by
its institutions, which offer anbiguous nessages about what is
advi sable behavior (Blum; Surgeon GCeneral's Report,). Nonethe-
less, a wlling individual can take steps which w Il neasurably
affect health status.

4.2.3.3. Rol e of Environment

Nature of Cause-Effect Relationships

Sever al approaches that relate environnental stressors'to
health effects have been considered. Wile the present research
is concerned wth valuing health consequences, and not wth
environmental cause-effect relations as such, sone attention to
cause-effect relations is needed.

In the followng sections, the source-receptor-effects
system is described. Inventories of sone of +the pollutants
receiving considerable study and public attention during the past
15 years are presented. The extrenme uncertainty of cause-effect
relationships is indicated. The relationship between the present
section and section 3.2 on cause relations may be noted. Section
3.2 contributes to the study of |light synptons. It is nore
quantitative and has greater depth on a narrower range of
pollutants than the present section. The present section serves
as an introduction to a wder range of pollutants needed for the
study of serious illness.

Wth few exceptions, the existence of causal relationships
between pollution in the anbient environment and disease is

difficult to quantify. Problens arise in attenpting to relate
exposure to a suspected agent wth the developnent of illness,
particularly if the illness is preceded by a long |atency period

(Task Force, 1982).
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Figure 4-3 sunmarizes the conplex path between a source of
pollution and a variety of possible health effects including
deat h. Moving down the diagram the source of pollution may be
industrial, residential, natural, etc. The em ssion may be from
air, water, land, or a conbination of nedia. The pollutants are
likely to be diluted, transformed, and partially decayed before
reachi ng exposed human receptors.

Note that defensive neasures may be applied at the source to
reduce the anount of, or entirely elimnate, the em ssion; other
personal defensive neasures may be applied prior to exposure
(mgration, air conditioning, etc.).

After or during continuous exposure it is likely there wll
be a finite latency period before adverse health effects, if any,
appear. Uncertain and often lengthy |latency periods nmeke
exposure-effect determnations very difficult.

The adverse effects, by definition, include any departure
from optiml health. They range from alnost inperceptible
disconfort to termnal lung cancer. These adverse effects m ght
be defined either as groupings of synptons or as a clearly

identified disease. Def ensive and/or curative nmeasures may
reduce the effect of disease, but the adverse environnental
effects may still be present. Adverse effects are not discretely

divided into norbidity and nortality, but rather, the effects are
seen to influence a health continuum which begins wth optinal
health (that existing in the absence of pollution) and ending
with death.

Even prior to exposure, however, health can be adversely
influenced by factors other than pollution, such as age and
previous nedical hi story. Each person exposed, at a different
point on a different route, will die. The ch-allenge is to define
the environnmental influence on each path of nortality.

There is wuncertainty at each |inkage. Rosen (1981)
concl udes, "The nobst pressing need is for better estimtes of
ri sk val uations. That 'pressing need” would require nuch better

data than currently are available."

In summary, the conplexities involved in establishing direct
cause-effect relationships include:

Exposure to a toxic substance which may occur through
direct <contact wth contamnated soil, water, air,
food, or in the workpl ace;

The substance may be absorbed through the skin,
i ngested, inhaled;

Contact may be brief, prolonged, on single, multiple or
conti nuous occasi ons;
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The effects may be manifest very shortly after exposure
or, as in the case of carcinogens, nmany years |ater;

The substance may act synergistically with other agents

to produce illness, such as asbestos exposure conbined
with cigarette snoke;

The existing health status of the exposed person may affect
t he devel opnent of illnness.

Of the harzards to human health arising from toxic

substances, cancer is the target of nobst concern. It is the only
maj or cause of death that has continued to rise since 1900, and
is responsible for the loss of 400,000 |ives each year. Some of

the increase in cancer nortality since 1900 is a function of the
greater average age of the population and the nedical progress
made against infectious diseases. But even after correcting for
age, both nortality rates and incidence of cancer are increasing.

It is extremely difficult to assess the role that
environnmental factors play in causing human cancer because
people are exposed to multiple stressors of both physical and
chem cal natures, some of which are related to their own
behavi or. Some early estimates of the proportion of cancers
directly attributable to environnental agents were as high as 85-
90 percent, but nore recent analyses suggest that the role of
envi ronment al health pollutants is mniml (Task Force, 1982).
This finding is supported by Doll and Peto (1981) who conpare
environmental and behavioral risks and conclude that the
environmental and occuptional risks are relatively mnor.

Much of what is known about the acute and chronic health
effects of chem cal substances has conme from studies of workplace
exposure. Many workers die each year as a resultofphysical and
chem cal hazards at work, but the exact magnitude of the long-
term health effects of occupational conditions is unknown (Toxic
Substances Strategy Committee, 1980).

Compl ex human epidemology over a lifetine seens essential
if progress at unravelling the cause-effect conplexities is to be
made. Aninmal studies are a poor substitute for human study
because of the low anbient concentrations of toxies and |ong
| at ency peri ods. In addition, animal studies cannot be used for
annoyance synptons (e.g., cough, headache).

The kinds of research needed to define environmental health

risks are described in-depth in a report for U S. EPA (Babcock
and Allen, 1982).

Health Effects of Selected Environnental Contam nants

The following is a list of sone of the nost persistent and

4-14



wi despread pollutants which are of continuing concern to public

heal t h. The Ilist resulted, from a review of (1) the first
thirteen annual "status" reports of the Council on Environnental
Quality, which examne the environmental issues of greatest
concern to the governnment and public, (2) recent summary reports
and literature of governnental agencies and other researchers in
the field of environnental health, and (3) -current toxicology
references. (See Council on Environnmental Quality, 1970-82; Duf-

fus,1978; First Report on Carcinogens, 1980; Hamlton and Hardy's
I ndustrial Toxicology, 1983; Handbook of Hazardous Materials,
Fire-Safety- Health, 1983; Patty's Industrial Hygi ene and Toxi co-
| ogy, 1978; Toxic Substance Strategy Conmttee, 1980; Waldbott,

1978). The inventory includes sone substances which are ubiqui-
tous in environnent, but the health effects of which are
uncertain, particularly with regard to long-term |owlevel expo-
sur es. It must be stressed that the health effects |isted bel ow

are associated primarily with chronic or acute exposure |evels
found in the workplace, and wusually not in the anbient
envi ronmnent .

Asbestos is the generic nanme for several varieties of
naturally occurring fibrous mnerals which are heat, friction,
and acid resistant, and are flexible and strong. They are used
primarily in cenent, fire-proofing, in formation of pipes and
ducts for air, water and chemcals, brake pads and |Iinings,
roofing, garden ornanents, and furniture. Exposure can lead to
pul mronary fibrosis (asbestosis), cancer of the lung, and the
chest or abdom nal cavity, and gastrointestinal carcinona.
Symptoms of respiratory illness include wunexpl ained
breat hl essness upon exertion, cough, tightness of the chest, skin
di scoloration, enlargenent of fingertips.

Arsenic is released in the conbustion of coal, t he
manufacture of insecticides, herbicides and fungicides. It 1is
present in the ores of copper and iron, and is oxidized during
smel ting. It is inhaled, ingested, and absorbed through the
skin. It has been associated with cancers of the skin, l|ungs, and
liver, as well as birth defects, nausea, diarrhea, stonmach pain
and constipation.

Benzene is the basic chemcal of the group called aromatic
hydrocar bons. It is wused in the fabrication of paints,
adhesi ves, dyes, plastics, chemcals, detergents, and pesticides,
as an additive to gasoline, and in synthetic rubber manufacture.
Benezene accunulates in the bones and fatty tissue of humans, and
is a cause of leukemia, blood cell deformations, and is a
depressant to the central nervous system Drowsi ness, headache,
vertigo and nausea are associated synptons.

Berylliumis a nmetal that is resistant to heat, nechanical
stress. It is both light and hard, has high conductivity, and is
non-magnetic. It is used in a variety of industrial processes,
aircraft engines, electric heaters, copper products, steel,
cobalt, and nucl ear power production. It has been associated wth
bronchitis, bronchiolitis, berylliosis, fibrosis, heart damage,
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pul monary edenmn, and death. Synptons include irritation of the
upper respiratory tract, fever, <chills, cough, sputum shortness
of breath, and weight |oss.

Cadmumis a soft, ductile netal resistant to corrosion, and
is wused inelectroplating, manufacture of polyvinyl chloride,
jewelry, soldering, batteries, aircraft engines, and autonobiles.
It is a contamnant of the soil, air, water and food. Synpt ons
include vomting, diarrhea, colitis, hypertension preceding heart
di sease, chronosomal abnornalties, and death.

Motor-vehicle emssions are the |largest source of carbon
nonoxi de. Cigarette snokers experience extrenely high'levels
during snoking periods. Regardl ess of source, the exposures
usually are tenmporary, wth tenporary displacenent of oxygen in
the blood stream as the primary health effect. Synptons i ncl ude
headache, dizziness, nausea, i npaired judgnent, fatigue, and
unconsci ousness. Effects appear to reverse quickly at Ilevels
found in the anbient environnent.

DDT is one of the group of persistent chlorinated

hydrocarbon insecticides. It accunulates in the tissues of
aquatic organisnms, birds and other animals and plants which are
part of the human food chain. It is present in soil, water, air,
and food supplies. The long-term health effects of DDI on hunmans

are uncertain, although it acts as a potent neurotoxin on
insects and other aninmals. It is fat-soluble, and accunulates in

the fatty tissue of humans, degrading very slowy over nmany
years.

Dioxin, or 2,3,7,8 tetrachlorodi benzo-p-dioxide (TCDD), is a
by- product which appears during the manufacture of herbicides.
Again, its lowdose long-term effects on hunmans have not been
established, but it is known to <cause birth defects,
m scarriages, fetal death and other reproductive disorders in
ani mal s. Agent Orange, the defoliant used extensively during the
Vietnam War, contained TCDD. Chloracne is a skin condition
resulting from acute exposure which is characterized by swollen
eyelids, fingertips, and nucous nenbranes of the eyes and nouth.

Sources of ionizing radiation are both natural (sun, soil),
and human induced (nuclear energy, Wweapons, i sotopes from
medi cine and research). Exposure can result from internal or
external sources, and through inhalation or ingestion. The
various radionuclides can cause genetic nmnutation, chronosonal
damage, inpaired cell division, |eukema, cancers of the skin,
lung, bones and genitals, cataracts, shortened life span, and
death. Synptons of radiation poisoning include loss of hair, skin
ul cers, diarrhea, purpura, and skin henorrhages.

Lead is an ubiquitous netal found fornerly in paints and

currently in batteries, gasoline, insecticides, pottery glaze,
netal cans, and nunerous industrial comercial products. It 1is
found in the air, water, soil, and food. Lead contam nation can

lead to kidney disease, jaundice, gout, neurological disorders,
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convul sions, brain damage, sterility, premature birth of
children, and death. Symptons range from fatigue, weakness,
headaches, and restlessness, to stomach and abdom nal pain,
| et hargy, sleeplessness, vomting, diarrhea, and hallucinations.

Mercury is found in nedicine, dental fillings, fungicides,
paint and paper nmanufacture, diapers, coal conbustion, asphalt
production, nunicipal incineration, electrical apparatus, and

plastics. Health effects include visual inpairnment, brain danage
and fetal poisoning; synptons such as trenors, skin eruptions,
abdom nal and nuscle pains, and visual disturbances occur

The principal anthropogenic sources of nitrogen dioxide are
the conmbustion of coal, oil, natural gas, and notor vehicle fuel
Exposure can cause lung irritation, increased susceptibility to
respfratory infections, pulmonary edema and death in extrene
cases.

Organochl orine conpounds (other than DDT) include aldrin,
dieldrin, chlordane, and heptachlor, and have been used for many

years in agriculture and nmalaria control prograns. They are
persistent in the environment, are biomagnified in the food
chain, and are nutagenic and toxic to animal, Ilife. The acute

effects include liver damage and convulsions, wth manifestations
simlar to those of DDI. The long-term effects of |owlevel
exposures are not well known.

Qzone is an inportant constituent of photochem cal snog,
resulting from the reaction of nitrogen oxides and hydrocarbons

in the presence of sunlight. It acts as an irritant to the nucous
membr anes of respiratory organs, and aggravates existing
respiratory illness. O her effects include eye irriatation

i mpai rment of cardi opul nonary function, and headaches.

PCBs (polychlorinated biphenyls) are chemcal conpounds
which are nonflammable and highly plasticizing. They are used as
heat transfer fluids and insulators, and in paints, adhesives,
seal ants, brake 1linings, flourescent | amps, electrical
transfornmers, and capacitors. Li ke DDT, PCBs accunulate in fatty
tissue and are slow to degrade: consequently, the [long-term
effects on humans are uncertain. The acute health effects
include chloracne. Qher synptons include |oss of hair and sexua
power, headaches, nunbness, abdom nal pain and vomting, deforned
nails, joints and bones.

Soot, tar, and oil are the products of coal mning and
combustion, and of the asphalt, tar and pitch industries. They
usually contain polycyclic hydrocarbons and are associated wth
cancers of the lung, larynx, skin, scrotum and bl adder.

Ant hropogenic sulfur dioxide is alnost entirely a'result of

combustion of coal, wood, and petroleum products. In the
at nosphere, this pollutant can cause bronchial constriction
irritation of. the upper respiratory tract, eyes and ears

tightness in the chest, and can aggravate existing bronchial
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conditions. Damage to other environnmental systenms (acid
deposition) may be the primary adverse inpact.

Vinyl chloride is the min constituent of polyvinyl
chloride, which is used in a variety of plastic products such as
pi pes, ducts, floor tiles, toys, waterproof upholstery, wapping
paper, film records, boots, and sporting goods. Exposure to the
gas can Jlead to |iver cancer, acre-oteolysis, pulnmonary
teratogeni c, nutagenic and chronosonal effects.

4.2. 4. Heal th Measur enent

4.2.4.1. Measurenents in Terns of I|lIl Health

Levels of norbidity are commonly classified as a series of
five "D's™: disability, disconfort, discontent, disease, and
death. Available evidence argues that trace environnental
pollutants have their greatest inpact on the first four "Ds,"
although they may contribute to premature death as
wel | .

Nati onwi de surveys of Anericans provide information on
preval ence of diseases and various health indicators. For
exanmple, the National Health and Nutrition Exam nation Survey
(NHANES) clinically examnes 20,000 different people every four
years. A variety of health, nutritional, and disease preval ence
information is obtained.

The National Health Information Survey (NH'S) provides data

concerning the prevalence of disease. NH 'S surveys nore than
100, 000 people per year, but the survey 1is restricted to
guestion-answer interviews rather than exam nations. These

tabul ations don't specifically indicate nunbers of people who
suffer from nore than one malady or from the same nmalady nore
than once in a year. Likewise, there is no information about

nunbers of people who escape all the diseases. These surveys are
cross sectional; they do not follow individuals through Iife.
However, such information is wuseful for construction of |likely

scenari os which exhibit certain diseases during a lifetine.

In practice, many health status neasurenents are based on
functional classification or therapeutic considerations involving
di seased or disabled persons, not those who are well. That is,
the definition is in ternms of ill health, notgoodhealth.

Mausner and Kraner (1984) point out that "the devel opnent of
disease is an irregularly evolving process, and the point at
which a person should be |abeled 'diseased" rather than 'not

di seased* nmay be arbitrary."” Left wuntreated, a disease may
extend over time with symptoms changing in stages. This pattern
my be termed its "natural history' or "clinical course.” In
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relation to age, "...factors favoring the developnment of chronic
di sease are often present early in |life, antedating the
appearance of clinical disease by many years.” The Mausner and
Kramer framework for analysis of disease history follows.

Stags of susceptibiliry: Prior to the presence of a
disease, factors which may increase the probability of
its devel opnent may be present. These are terned risk
factors. Age, sex, and race are exanples which are not
susceptible to human intervention, but alcohol or
tobacco use can be subject to change. The presence of
risk factors does not ensure disease developnent nor
does their absence ensure freedom from di sease.

Pre-symptomatic stage: Pat hogenetic changes begin to
occur, but the changes are not manifested in synptons
or signs which can be diagnosed.

Qinical_ stags: Recogni zabl e signs and synptons occur.
It is at this point that classifications of health
status based on functional or t herapeutic
consi derations are nade. Exanmples for categorization
of cardiac di sease appear bel ow.

Functional d assification:

A ass | No limtation of physical activity because of
di sconfort;
A ass 11 Slight limtation of physical activity; patient

comfortable at rest but ordinary activity pro-
duces disconfort;

Gass |11 Marked limtation of physical activity; confort-
able at rest but less than ordinary activity
causes disconfort;

Cass |1V Inability to carry out physical activity wthout
di sconfort.

Therapeutic dassification:

Class A Physical activity need not be restricted in any
way;
Class B Ordinary physical activity need not be re-

stricted, but patient is advised against severe
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efforts;

Cass C O dinary physical activity should be noderately
restricted,

Cass. D Ordinary physical activity should be nmarkedly
restricted;

Class E Conpl ete bed rest advised; patient confined to
bed or chair.

Descriptions of the natural history of the disease can be
incorporated into indicated health effects. Lung cancer provides
an exanple as foll ows:

1. The time when an individual is at no risk: either has
not been exposed to the disease-causing agent (e.g., does not
smoke or work with asbestos), or has been exposed the agent but
is not vulnerable to it (e.g., even in the presence of snoke,
newborn infants are not vulnerable to, and will not develop, |ung
cancer);

2. Wien one is vulnerable due to genetic propensities or a
change in age or environment and therefore does not have an
i mune st at us;

3. Wen the danmaging agent is present, at which tinme the
exposed individual is in danger of acquiring the disease (e.g.,
anyone who snokes);

4. Wen an actual sign of disease is observable by a
physician though not apparent to the victim (e.g., an abnornal
chest x-ray);

5. Wen synptons appear (severe coughing, chest pains,
blood in sputum) and the individual, who knows that sonething is
wrong, may tell a physician or other health worker; or

6. Wen disability, partial or conplete, occurs

The natural histories of nany diseases are still unknown.
In addition, sonme people never develop a disease despite the
presence of a nunber of risk factors

The listed functional classifications mght be expanded into
health indexes by defining various levels of mnor disconfort and
pain, and ninor linitations of physical activity. Some health
problems attributed to environnental interventions include
| earning inpairment, peripheral neuropathy, and birth defects.

More sinply, however, the history of the diseases provides
descriptions of synptonms and consequences which could be
quantified to a nmore or |ess exact degree depending on
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considerations of neasurenent feasibility in view of a particular
study purpose.

4.2.4.2. Heal th | ndexes

The health definitions discussed in Section 4.2.2 above
suggested that a person has neither absolute health nor abso-
lute illness (except death) but is in an ever-changing state and
that one can be at any point on the continuum at any point in
life (Murray and Zenthel, 1975). For sonme purposes it would be
useful to quantify a health continuum first nunerically and then
in terns of economc valuation of small increnments of change.
Initially efforts would focus on the sinpler Brubaker health
continuum but the expansions by Hettler into risks and education
m ght also possibly be useful in contingent valuation studies.

Howard (1984) defines norbidity as a fraction of death.
This principle mght be applied to a health index. Some of his
met hods involve trading years of life for inproved health. He
argues that there are no fates worse than death. Kane and Kane
(1982) di sagree.

Pul monary function tests are used to measure |ung
capabilities (Babcock and Nagda, 1976). These and other
physi ol ogical tests (exercise, wrk Ilevel, physical education
performance, etc.) mght provide another type of index.

4.2.4. 3. Mul ti-Attribute Uility Functions

Researchers in the field of decision analysis have devised
techniques for the characterization or prediction of health
status (Katz et al., 1983; Wlinsky, et al., 1984), usually for
the evaluation and conparison of health care treatment
alternatives or nedical policy decisions. Quantitative nethods
such as multiattribute wutility functions (Keeney and Raiffa,
1976), or linear analog scales (Sutherland, Dunn and Boyd, 1983),
are enployed to evaluate the nature of trade-offs between quality
of life and longevity (Pliskin, Shepard and Winstein, 1980) or
to neasure a patient's preference for certain health states
(Torrance, Boyle and Horwood, 1982). Such analytical nethods nmay
i nvol ve conmpl ex, | ottery-based mneasurenent techniques to
determ ne probabilistic outcones.

Boyle et al. (1982) enploy a multiattribute health state
classification system for use in a cost-effectiveness analysis of
neonatal intensive care. Health status is defined by physical
function, wusing neasures of nobility and physical- activity; role
function, or self-care, such as the ability to eat, dress or
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bathe with or wthout help; social-enotional function, neasures
of enotional well-being and social activity; and health problens,
such as the presence or absence of a disability.

4.2.4.4. Self-rating of Health

As noted in Section 4.2.1, self-assessment is the nost
widely wused neasure of health status. The sinple ranking of
one's health (excellent, good, fair or poor) is crude in terns of
bei ng anenable to dollar quantification. However, the neasure is
sinmple, which nakes it attractive especially for contingent
val uation studies. Wiile self-rating may not be useable for
obtaining a value neasure, it may be useable as a shifter in a
function explaining health values, since the state of one's
health is an influence onhowruch one is wlling to pay to avoid
various specific synptons or diseases.

4.2.4.5. Health Ri sk Appraisal

Health Risk Appraisal (HRA) is a tool for assessing the

potential inpact of individual behavior on the probability of
dying from sel ected causes. In the course of an HRA, information
about an individual's lifestyle and personal and famly health
history is elicited. This information is then conpared w th age,

race and sex-specific nortality data and epidemologic statistics
to determne whether or not a person is a greater or less than
average risk of dying from a selected cause, wusually within the
next ten years. Most HRAs are based on the work of Robbins and
Hall and the statistical tables of Geller and Gesner (cited in
Robbins and Hall). The objectives of the appraisal are to es-
timate individual risk wth some degree of accuracy, and, by
identifying risky behavior, help individuals nodify or elimnate
negative habits before the developnent of disease or disability
(Dunton, 1981; Goetz, Duff and Bernstein, 1979; Hettler, 1981;
Schul tz, 1984).

The appraisal begins with a self-admnistered questionnaire.
Each response is assigned a nunerical "risk factor" which is then
multiplied with the average risk of dying from each major cause
of death. In the case of nultiple risk factors for a single
cause of death, a "conposite risk factor" is calculated and then
multiplied by average risk. The resulting disease-specific risk
projections are then summed to form a "total projected risk."
This is then conpared to average risk to yield a new term "risk
age" or "appraised age," i.e., the age of an average person wth
the sanme nortality risk as the respondent (Hettler).

This appraised age can be readily conpared with actual age.

If the total risk is greater than average (appraised age greater
than the actual age), appropriate behavior nodifications are
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suggest ed. If the suggestions are followed, the individual can
hope to lower the overall risk projection, as expressed by the
value of the "achievable age" (Hettler,). For exanple, a 34-
year old my have the risk characteristics of a 30-year old
(apprai sed age) but an achi evabl e age of 29.

It is inmportant to recognize that HRA instrunents are,
despite w despread use, still in an early stage of devel opnent.
Concern has been expressed about the quality of the data elicited
by a self-admnistered questionnaire and the accuracy of the risk
(Fielding, 1981; Hettler, 1981, pp. 7-16; Sacks, Krushot, and
Newman, 1980; Schoenbahh, Wagner and Karon, 1983.)

4.2.5. Implications for Maluing Serious lllpgss

The approaches to the definition and neasurenent of health
that have been reviewed in this section serve to bring out the
conplex nature of this subject matter. The question becones: How
are we to neasure health in the present study in view of the
conpl exities?

A first inplication that stands out is that nmeasurenent in
terns of ill health is appropriate in view of the concern of the
present study wth wvalues of elimnating undesirable environ-
mental effects. As reviewed in Section 4.2.3, the possible
di seases and synptons caused by environnmental pollutants can be
described rather definitely in terns of ill health effects.

A second inplication is that a broad definition of health
effects is needed, extending beyond physical pain to nental well
being and beyond this to the functioning of the individual.
Conceptually one wants to value all the significant deleterious

effects of the illnesses being studied.

Third, the fact that broad classes of illness are to be
studied anong many people in the population neans that a
basically sinple approach nust be followed. Peopl e nmust be able

to think neaningfully about the neasures, and it nust be feasible
to take the neasurenents and analyze them operationally as they
pertain to large nunbers of people. Wile the first and second
inplications go in the direction of detail and conplexity, the
third inplication indicates that conpromses with the first two

inplications will have to be struck.

If we look ahead to ensuing sections of this study,
additional inplications are obtainod. Thus a fourth inplication
is that the present state of health nmay affect values attached to
contracting particular diseases. It is inportant to relate
changes in health status to existing levels of health. A fifth
implication is that a person's entire stream of [|ife experiences

wth and wthout a disease affects hov the disease is valued. A
person's age is particularly relevant, as is his expectation as
to the course of events in his life without the disease. Si xth,
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one nust | ook beyond health effects encountered with certainty to
situations of uncertainty. Most people will never contract the
di seases being considered. Environnental inprovenents will re-
duce the probability of contracting the disease. Heal t h neasure-
nment nust give attention, not only to certainty scenarios, but
also to risk reduction in the context of wuncertainty scenarios

The first, second and third inplications help in choosing

between existing health neasurenent approaches. The third,
fourth and fifth inplications indicate needs for extensions and
refinenments of these approaches. Finally, the fact that the
present study gives particular enphasis to devising contingent
val uati on approaches to serious illness affects choice of health
neasur es.

One of the clearest conclusions from these inplications is
that measurenent in ternms of ill health effects is called for in
the present study. In view of the need for operationa
sinmplicity, synptom descriptions in terns of average conditions
brought about by a disease are the basic approach recommended here
for studying values connected with serious illness. The synptom
descriptions need to be supplenented by allowance for full ef-
fects of the synptons on nental well being and functioning of
i ndi vi dual s. In a contingent valuation approach, this can be
done by making the respondent aware of a wde range of effects of
t he synptons.

For getting at the effects of existing health Ilevels on
valuations, self rating of health has much to offer. It is nore
readily available than nore sophisticated neasures, and the need
for precision is less great for neasuring the existing health
| evel than the specific effects of the disease being val ued.

The health risk appraisal approach, which takes the trouble
to relate highly specific individual characteristics, including
age and |ifestyle factors to health prospects, is highly
congenial to the framework of the present study which stresses
the inportance of I|ife experiences and alternative future life
path scenari os. It plays a promnent role in sone of the
approaches to health valuation developed later in this study.

The multi-attribute wutility function approach has nuch to
recommendi tconeptual ly for some purposes, but it is not used in
this study, largely because it apears operationally too conplex
for this study. Respondents in contingent valuation experinents
can and should be encouraged to take account of the multi-faceted
nature of health effects in framng responses, Wwhich is consis-
tent with nulti-attribute utility functions. But to quantify the
utility function as such is not attenpted in this study, which
is concerned with going directly to dollar valuations of the sum
of all the effects of an illness.

The later parts of this study build on the choices anong

existing health neasures inplied by the above remarks. Refine-
ments to the health neasurenment approaches are devel oped takfng
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account of individual circumstances in a life cycle context wth
certainty and uncertainty scenario0s.
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4.3. THE QUANTITY AND QUALITY OF LIFE: CONCEPTUAL FRAMVEWORK

4.3.1. [ ntroduction
Serious professional interest in cost benefit analysis of
projects involving safety, 1illness and death probabilities has

its origins in environnental concerns beginning in the 1960s as a
practical policy matter, and in the work of Schelling and Mishan
as an intellectual one. These authors showed how to put the
problem into the "wllingness to pay" framework of applied
wel fare economcs, which has been the qguiding principle in
economc research in this area ever since. Subsequent research
has followed two distinct conceptual |ines. Beginning with the
i nportant paper by Usher, one line has followed a strictly life
cycle framework. Building on the paper by Yaarf, work by
Cropper, Conley, Ehrlich and Chuma, and Arthur (this the only
general equilibrium paper in the literature) have built

increasingly elaborate nodels of Ilife-cycle valuation criteria.

Another line, and one which has tended to guide nost enpirical

work, wuses a sinplified single period nodel wthout explicit

regard for |ife cycle considerations (e.g., Jones-Lee, Rosen,

Thal er and Rosen). The single period models are conceptually
sinpler than |ife cycle nodels, but may miss some inportant

considerations that arise in the fully dynamc life-cycle setting
which the problem obviously requires.

This section is concerned wth life cycle nodels of safety
and health evaluation. One of its goals, at least by
inmplication, is to show the close relationship between life cycle
and single period nodels. This is achieved by stripping away
many of the detailed conplexities of I|ife cycle dynamcs to
reveal the internal structure of the problem nost clearly and in
the nost elenentary nanner. In fact this is nost easily done in
a determnistic setting, in which a person has a fixed longevity
and is allowed to optimze consunption and |abor supply decisions
-over his fixed length of [life. The solution to the optimnal
program naturally leads to a sinple forrmula for putting dollar
values on suitably small increments of longevity, using the
principles of duality theory. Models of this type are discussed
in the followwing two sections. First a sinple consunption
allocation problem is analyzed and the valuation equation
exhi bi t ed. Then the nodel is conplicated in a nunber of ways.
It is showm that nost of the principles underlying the sinplest
nmodel carry through for all variations on the thene. Thi s nodel
may be extended to include valuation of norbidity as well as of
| ongevity.

VWiile determnistic nodels are wuseful in their great
simplicity, they suffer obvious defects in ternms of realism
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Therefore the remainder of the paper turns to stochastic nodels
using actuarial calculus and the insured-consunption-|loans device
for dealing with intertenporal budget constraints introduced by

Yaari . The insurance features of these schenmes allow the
analysis to separate allocation decisions regarding consunption
and | abor supply from uncertainty regarding length of Ilife. The

exposition brings out the intimate connection between
determnistic and stochastic nodels and shows that the same types
of paraneters are relevant for both. Chief anong these is a
paranmeter which is naturally interpreted as reflecting the
i nherent substitution between "quantity" (or longevity) and
"quality" of life. It is closely related to the econom c concept
of intertenporal substitution. Estimates of the "values of life"
from existing enpirical studies allow rough inputations of this
parameter, which ultimately relate to the question of how nuch of
the econony's wealth should be spent on safety, health and
| ongevity concerns. QG her relevant factors are shown to include
the rates of interest and time preference, the level of wealth
and the person's stage in the lifecycle.

An interesting inplication of this analysis is that personal
valuations of [|ife expectancy inevitably wvary over the life
cycle. This inportant point is the inevitable consequence of the
finiteness of life itself and the effect of discounting. Hence a
person who chooses an action when young that affects subsequent

nortality may life to regret it-later, in the sense that in the
circunstances he finds hinself in later he would have sonehow
"preferred" not having taken the earlier action. However, there
is nothing either inconsistent or irrational in this type of
behavi or, since by hypothesis, the full future consequences of
current actions are foreseen when they are chosen. It does nean,

however, that the benefit side of any cost-benefit calculation on
these matters nust take account of the life cycle structure of
valuations and wll be sensitive to the age and denographic
conposition of the population and how it changes over tine.

4.3.2. The Value of Llongevity: Deterninistic Model

In this section we consider a determnistic problem which

sets many of the essential ideas for the valuation of |life
expect ancy. Consider a person with time-seperable preferences
for consunption over a lifetime of length T:

- at
(4-1). U = Integral fromO to T of Uc(t))e dt,

where the concave function u(c) evaluates the utility of consum-
ption ¢ at time t and a is a fixed and constant Tate of tiame

preference. The person is endowed with a fixed wealth W at the
beginning of life and has a fixed investnment opportunity which
yields a return of r. The problem to be considered is how the

person would allocate his fixed wealth over consunption at each

4-31



point in the life cycle. The solution to this problem yields the
val uati on we seek.

Let Wt) represent remaining wealth at tine t and Iet
dw/dt be the change in wealth at tinme t. Then the budget
constraintfacing this person may be witten in flow terns as

(4-2) dW/dt = rW - c,

which has a ready interpretation. rW is the incone from
investing current wealth at rate of return r and c is the anount
that is consuned out of this incone. If consunption falls short

of current incone the person's wealth nust be increasing, while
if current consunption exceeds current inconme his wealth nust be
decr easi ng.

The formulation of preferences in (4-1) 1is consistent wth
the situation of an unattached individual who has no heirs and
therefore no bequest notive. W inpose the condition that the
person cannot die in debt, and since he does not wish to |eave
wealth (there are no heirs), we have a boundary condition for the
differential equation in (4-2) that WT) = 0. The person wll
obviously wish to consune all endowed wealth over the entire life
cycl e. Using this boundary condition and integrating (4-2) yields
an equival ent budget constraint in terns of stocks:

(4-3) W = Integral fromO to T ec(t)e Tt dt

Initial wealth equals discounted lifetinme consunption.

Consider the problem of maximzing U in (4-1) subject to
constraint (4-3). Let V(T,Wr,a) denote the maximum of U given
that the sequence c(t) is optimally chosen. Cearly V is a
function of the paraneters of the problem which are T, W r and
a. This value fgnctgon. allows us to calculate the value of
| ongevity. Let L denote the value of longevity, defined as the
maxi num anmount of wealth a person would wllingly give up to
extend his life by a small increment dT. |In exchange for an
increnent dT, the person would be willing to pay as nmuch wealth
as would keep V at its initial |evel. This is therefore nothing
nore than the marginal rate of substitution between T and W
inplicit in V. Totally differentiating V and setting the result
equal to zero, we have

(4-4) V = - dW/dT = partial of V wr.t./

partial of V wr.t. W
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To evaluate this expression it is necessary to first solve the
maxi mum probl em

Associating a Lagrange multiplier m wth constraint (4-3),
first order conditions for maximzation of (1) subject to (3) are

(4-5) u’(c)e @t o pe Tt for all t.

The marginal wutility of consunption is proportional to the
positive mnultiplier m, suitably discounted by' the difference
betweem r and a. To sinplify even further, let wus analyze the
| eading case where r = a. Then (4-5) inplies u' (c) = m, which in
turn inplies c(t) = ¢, a constant for all t on [0,T]. That is,
lifecycle consunption is "flat" and the sane at all ages, an
especially pure form of the permanent incone hypothesis. Usi ng
this result and substituting into (4-1) defines V as (since r =
a).

-rt
(4-6) V = Integral fromO to T u(c)e dt = u(c) integral fromO to

-rt -rT
= u(c) integral fromO to T e dt = u(e)(l/r)(l-e )

= (by definition) u(c)A(T),

where A(T) = (1/r)(1-e'rT) is sinply the value of an annunity
received for T periods at rate of interest r. A(T) is the
"correction factor" for finite life.

Now from the budget constraint, after substituting
c(t) = c, we have
(4-7) W o= (e/r)(l-e"Th o ca(T) .

Therefore ¢ = WA, which is just the finite life-corrected |evel
i ncone which exhausts the endowent W at T exactly. Putting (4-
6) and (4-7) together, we have

(4-8) V = u(W/A(T))A(T) .

There are two imediate consequences of (4-8). First, Vis

strictly increasing in W
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Vy = partial of V wr.t. W= u’'(W/A) > 0;

greater wealth nakes a person better off. Second, the effect of

T is confined to its influence through A Now A is increasing in

T, since an annunitythat l|asts longer has a larger value. But A

has two effects on V. It has a negative effect through its

influence on the first term in u(.) in (4-8) but it also has a
direct positive effect through the nultiplicative second term in

(4-8). Concavity of wu(c) inplies that the second direct effect
dom nates and that V is increasing in A

(4-9) Vy, = partial of Vwr.t A

= - (W/A)u'(W/A) + u(W/A) = u(W/A)(1-E)
where E = cu’(e)/u(e) is the elasticity of the function u(c). W
require 0 < E<1 for the problem to be well conditioned and for
the marginal condition (4-5) to characterize the optinmm Ther e-
fore VA > 0. Though there is no direct value of Iength of

l[ifetime T in preferences in this problem 1its value is induced

by its effe,ft on A From the definition of A(T), we have
A(T) = e Tt > 0.

We are now prepared to evaluate V. Totally
differentiating (4-8),
(4-10) dV = u(W/A)A{(E)dW/W + (l-E)(A’/A)dT) .
Setting (4-10) equal to zero, the value of longevity is

(4-11) v = -dWdT = A’(T)[(L-E)/E](W/A) = e TT [(1-E)/E}(W/A)

(4-11) displays some interesting properties:

(1) Vv is increasing in wealth (given E). Longer life is nore
valuable to wealthier persons and they are willing to pay nore to
extend it. This is one reason why life expectancy is longer in
societies with greater wealth, which spend sone of it on safety
devices and living styles that pronote |ongevity. Noti ce
however, that in this fornulation -dlogW/dT is independent_of W
all individuals are prepared to pay the same percentage of their

wealth to extend life when preferences are of this form

(ii) An especially interesting and unusual inplication of (4-11)
is the role of the termin E, which relates to the curvature
properties of the function of u(c). This in turn is related to
the question of intertenporal substitution possibilities in con-
sunpti on. To see this nost clearly, let us examne sone limting
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cases. First, look at what happens in the limit. as E goes to
unity, so that u(c) goes to a linear function of c. Then accor-
ding to (4-1), we have that U is essentially sumable in c(t) and
all that matters to the person is total consunption over the life
cycle, andnotatall howa given total is distributed over ages.
One big consunption bash at sonme tinme is equivalent to many
periods of nuch smaller consunption levels, for exanple. Here we
have VA = 0, so v goes to zero as well. A person is not wlling
to pay to extend |life when E -1 because the increasedhorizonis
conpletely offset by |ower per period consunption: V = Win this
case, which is independent of T. This is a case of perfect
substitution between the "quantity" and "quality" of Ilife, equi-
valent to perfect intertenporal substitution in consunption
across periods.

At the opposite extrene, consider what happens when E goes
to zero. Here the indifference curves in the c(t) hyperplane
exhibit "elbows" and fixed proportions (in the E = 1 case they
are straight lines), so intertenporal substitution possibilities
are nil. Now the person is wlling to pay large amounts for
greater life expectancy, since each year of |ife Dbecones
"essential." The min point is that |imted substitution of
consunption across years of |I|ife inplies that quantity and
quality of life are inperfect substitutes for each other. Ther e
is an inverse relation between the value of longevity and the
degree of intertenporal substitution in consunption in Ilifecycle
pref erences.

(iii) Substituting for the definition of A(T) in (4-11) we have

v - e T , (1-e"fT y((1-E)/E]VWr,

and it follows that partial of v wr.t. T C 0. Hence a person
with a smaller horizon is prepared to pay nore to extend life
than a person with |onger horizon. In particular, this result
inplies that other things equal, younger persons are wlling to
pay less to extend their |ife than ol der persons are prepared to
pay. That L itself changes over the lifecycle nmay cause a person
to, in sone sense, regret past decisions. However, there is

not hing inconsistent wth this when preferences are time-
separable and discount rates are constant over age.

(iv) Vv is not necessarily decreasing in r (given that a
adj usts conformably). This experinent applies to a conparison of
two societies, one in which persons are inpatient and have high
rates of tine preferences, and one in which they have nore

f oresi ght. In both, however, the interest rate adjusts to the
rate of tine preference. There are two effects: On the one hand
the term in the exponentials in the expression under (iii) 1is
decreased by an increase in r. On this account the value of
| ongevity tends to fall. But on the other hand, the termin W
is increased and real incone tis |arger. The second effect
dominates if T is short enough, but if T is sufficiently |ong
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then v will fall. It is surprising that the effect of a change
in time preference and interest rates (together) cannot be
si gned.

Let us now exam ne the internal consistency of the solution.
Suppose that the program derived above has proceeded for s

peri ods. From that point on the person has T'= T-s years of life
of life left and has already consuned a fraction of initial
endowed wealth. Let W’ denote current wealth (after s periods

have passed by). Then
W' = integral fromO to T’ of (W/A)e T% dt = (W/a)B,

where B = (1/r)(1-e'rT') is the value of the remaining annuity

for T' periods. Now it is clear that the optimal program from
time s onward remains the sane as before, because the budget
constraint becones, from point s onward, integral from O to T of

c(t)e dt = ¢B = (WA B and we have already determned c¢c to be
equal to WA Anot her way of saying this is that the new budget
constraint becones W' = ¢B, so c = WA also solves the "new
problem' from s forward. The person doesn't change his plan.
However, the value function changes as the person ages:

V = integral from O to T’ of u(W/A)e Tt dt = u(W/A)B

so the value V' when there are T-s periods left is smaller than
the value V when there are T periods renmining because B < A
That the value function is decreasing with age (reaching its
mninum at the age of death T) is due to the fact that terns are
continually |opped off the sum of discounted utilities of further
consunption as the person ages. Now in ternms of remaining
wealth, we have ¢ = WA = W'/B, so V' = u(W'/B)B is precisely of
the sane form as (4-8) above, wth B replacing A Substituting
from the above, we find

v' = velS,
so the value of life grows exponentially with age (s) in this
case.

The relationship between v' and v in the expression inmme-
diately above nmkes clear the economc rationale for increasing
value of I|ife wth age. In this determnistic problem the
the experiment tacks on extra years at the end of the program
and these terns are necessarily discounted-to present val ue.
Somet hing m ght have very large value at the tine it occurs (as
it does, for exanple, for a person at death's door, so to speak.

in this problen. However, if the event wll only occur sometime
in the future, its current value 1is greatly reduced by
di scounti ng. Even though a young person and an old person wll
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have the sane value of longevity when they actually reach age T,
at their current ages, this is discounted by a different anount
due to horizon differences.

This simple point has some important practical
inmplications, and even survives to stochastic nodels where the
length of I|ife is random rather than determnistic. It neans
that risks and actions which have long latency periods and which
are long deferred can have snmall value to many people, especially
young peopl e. The young may appear "reckless" on this account,

but such "recklessness" is rational. To illustrate the point
further, suppose there is an opportunity to extend life by dT
which costs a fixed anmount independent of age. Then, since L is
increasing in age, there is a threshold age, call its* such that
people who are younger than s* do not purchase the opportunity,
whil e those whose age exceeds s* purchase it. Simlarly, if the

mar ket provides an opportunity to trade noney and wealth for
shortened life expectancy (as in risky jobs, for exanple) there
is another threshold age s**, such that people who are younger
than s** voluntarily make the trade and undertake the ri sk,
whereas those who are older than s** do not do so.

4.3.3. Extensions of Deterninistic Mdel

4.3.3. 1. Nonconst ant  Consunpti on

The strong result that c(t) =c in the nodel above derives

from the assunption that r = a. It is well known that when these
two paraneters are unequal then c(t) is either decreasing or
i ncreasi ng. To illustrate, consider an exanple in which r
exceeds a. Then application of (4-5) shows that c(t)

is increasing. To make further progress we need to be nore

specific about u(c), so assunme the constant elasticity case where
u(c) = cE, with 0 < E < 1. Detailed analysis reveals that the
rel evant di scount facto_f in this case is g = (a -Er)/(l-E).
Defining A* = (1/q)(1-e 9% we obtain the follow ng expressions
for V.

In the case where q = 0, V becones
vV - wE 71-E

In this case there is direct valuation on T itself, because the
effective discount rate is zero (and only sunms matter, not
di scounted suns). Here we find

v = [(1-E/E](W/T),

which is increasing in W and decreasing in E and T, much as
bef ore. In the nore probable cases where q RO we find
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v =wE (At E o (wax)E A = u(w/ax)ax,

which has a form very simlar to the sinpler case where r = m
in all cases therefore the conclusions are very simlar to the
anal ysis above and need not be repeated.

4.3.3. 2. Age- Dependent Preferences and the Quality of Life

The nodel so far has assunmed that the wutility function
u(c) is constant over life and has no age-dependent factors built

into it. However, it is intuitively clear how the presence of
such factors would affect the analysis. Suppose for exanple that
the quality of |ife deteriorated with age, so the wutility
function u(c) is decreasing over time. Then the value function
woul d be adjusted conformably and the value of Iife calculation
would take this into account, e.g., if [life got progressively

worse with age then a person would not pay as nmuch to extend it,
obvi ousl y.

For exanpl e, introduce the age-dependent factor in a
mul tiplicative way as follows:

U = integral from 0 to T of u(B(t))c(t))e 3F,

Here the term in B(t) represents a consunption correction

factor to nmke "real" consunption equivalent across ages. For
exampl e, if B(t) is decreasing in age, it takes an ever
increasing ampunt of consunption to make up for the |ower
"efficienecy" of consunption as a person ages. In this case the
mar gi nal condition, in (4-5) above is sinply altered by
multiplication of the left hand side by B(t). If we also assune

that- B(t)* = e~ Bt then the analysis is wvirtually identical to
that of section) 4.3.3.1 (where the discount rate of tine
preference does not necessarily equal the rate of interest).
Again, the refinenment is a mnor one.

4.3.3.3. Bequest s

Suppose now that the person has heirs and that at the tine
of death all remaining wealth is transferred to these heirs. The
standard way to incorporate a bequest notive into a life cycle
problem is to introduce a bequest function into the utility
function. Thus wite

U= integral from0 to T of wu(c(t))e 2% dt + e “8T f(w ),
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where the first termis identical to that above, and the second
term reflects the person's utility of bequests. The anount of
bequests are W, which yield utility (discounted to present
value) of e~2 £(Wy, ). Now the wealth constraint becones

W - integral fromO to T of c(t)e % + w, e FT

and the necessary conditions to the maxi mum problem are
u'(c)e'at - m e'rt,
f'(Wb)e' aT . 5 - TT,

Assuming r = a again for sinplicity, we have
u(c) = f'(W) =m

and the constraint becones
W =1cA + W A
where A and A = dA/d4dT were defined above.

Using these conditions and applying the envel ope theorem
tov, we find

partial of V wr.t. W= m
partial of V wr.t.

= [u(e) - m]e'rT - re-IT [f(W) - mWg].

Using the sinplified first order conditions and sinplifying
yi el ds

v = -dW/dT = e T [c(1-E)/E - rW, (1-E%)/E],

where E* = £ (Wy)Wy /£(Wy) is the elasticity of the bequest

functi on. Thus the presence of bequests and bequest notives
reduces the value of life in and of itself, because of the
offsetting benefit to heirs of the person's dem se. O  course
this strong conclusion is built on sone special assunptions, of
which two are particularly inportant. One is that the utility of
own consunption may itself be affected by the presence of heirs

and children in the household. People tend to have children
because they want to and because it increases their own utility
over and above any affect of bequests. Hence the presence of

heirs may nmake life itself worth nore to the person, which tends
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to increase the value of longer life rather than to reduce it.
Second, the. heirs may suffer a loss of utility from the person's
death, and this wutility loss should be valued by the person
hinself if he is altruistic (really, a form of reciprocal
altruism. This factor would also tend to increase the value of
| onger life.

4.3.3.4. Labor Market Activities

Let us now consider a person who has endowed wealth W as
before, but who also has the opportunity to work at an hourly

wage rate w It is necessary to alter the utility function to
handle this case because sonme valuation nmnust be placed on
| ei sure. Let L be leisure and nornalize so that 0 < L < 1. Then
(1-L) is the anount of tine devoted to work. Mai ntaining tinme

seperabl e preferences as before, wite the utility function as
(4-12) U = integral fromO0 to T of wu(e(t),L(t)e 2% dt,

where the wutility function u(e,L) has conventional properties.
The person has two sources of income in this problem One is
endowed wealth and the other is (endogenously chosen) earnings
w(l-L). .The intertenporal budget constraint equates the present
di scounted value of earnings plus endowed wealth to the present
di scounted value of consunption over the life cycle:

(4-13) u=integral fromO to T of w(t)(l-L(t)e F%)dt

- integral from O to T of e(t)e Tt dt.
Optimality conditions for choice of c(t) and L(t) which maximize

(4-12) subject to (4-13) are

(4-14) Uy(c,L)e 3% = me™TFF,
UL(c,L)e'ac - mwe FC.

Solving these two equations along wth the budget constraint
yields the optimal trajectories for L and c.

W can place this problem in the context above by naking
the sinmplifying assunption that r = a and that wt) = w Then
(4-14) inplies

(4-15) Uy (e,L)/Ug (e,L) = w,
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U, (¢,L) = m,

which inply that c(t) = ¢ and L(t) = L are constants over the
life cycle. Therefore, we may wite

(4-16) V = maX {u(e,L)A + m (W+ w(l-L)A - cA)},
c,L
where again A is the present value of an annuity that lasts for T
peri ods. Usi ng the envel ope property of a maxinmum, we find
v - m,
(4-17) v

Ve = [u(e,L) + m(w(l-L) - e)]a’,

= f[u(e,L) - m (W/A)]A',

where the second equality in the last expression follows from the
budget constraint.. Therefore

(4-18) v = Vp/Vy = [u(e,L)/u, (c,L) - (W/A)]a’,

since m = u, from the marginal conditions, Defining the
elasticity E = cu, /u as before, (4-18) becones

(4-19) v = [¢/E - (W/A)IA.

This may be witten in yet another way: solving for ¢ from the
budget, we have ¢ = WA + w(l-L). Substitute this into (4-18)
and rearrange:

(4-20) v = [(W/A)(1-E) + w(l-L)] e F%/E .

Look at (4-19) first. The value of |longevity has both a
posit'ive, and negative term (of course suitably discounted--
A = e TTy, The positive term is the level of consunption
adj usted by the inverse of E, and since E cannot exceed unity.
the actual value of consunption is a |lower bound for this term
The negative term in WA, which is just the level 4income
available from an endowrent of nonhunman wealth W available at
interest rate r from T peri ods. This nust be subtracted from the
adj usted consunption |evel because an increnent of life T lowers
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the annuity value of inconme available from W because it nust be
spread over a longer interval and consunption in earlier periods
is lowered on that account.

The second form of v in (4-20) shows that the value of
| ongevity has a relationship with observed incone as well as wth
observed consumti on. The first term in this expression is
(W/A)(1-E)e F*Y/E, precisely the sane as when leisure is not
considered in the problem To this we need to add the extra
incone available from work when the person |lives |[|onger.
However, it is not the extra earnings alone that nust be added,
but that anount divided by E. That is, observed earnings is a
[ower bound to the extra adjustnent and is only an unbiased
estimate when E is very close to unity. Again, this adjustnent
reflects inperfect substitution between quantity and quality of
l[ife when consunption and leisure are not perfect substitutes
intertenporally.

4.3.3.5. Reti r ement

The nodel in section 4.2.3.4 assuned that the person worked
over his whole life, and would be relevant for a situation of
"early" death. However, for nost people work patterns over the
life cycle follows a systematic course of full time work up to a
certain age followed by a full tinme retirenent. The nodel above
may be extended to cover this case nost easily be assumng that
the wage w is available up to sone retirnent age, say T*, at
which time w drops to zero and the person consunes full tine
leisure. "The the utility function nust be witten

u = integral from 0 to T* of wu(ey(t),L(t))e 2% dt
+ integral from T to T of u(cy(t),1)e 3% dt,
where ¢y denotes consunption during the years in which a person
-works and c, denotes consunption when the person is retired and
leisure is fully consumed ( L = 1). The budget constraint is
conformably altered to
w+ integral fromO to T* of w(t)(l-L(t))e Ft gt

- integral from T to T of ey(t)e T dt

+ integral fromT* to T of cz(t)e'rt dt
and the optimal program chooses L(t), e¢q1(t) and cp(t) to maximze
U subject to the budget constraint as before. Omtting details
and making the sanme sinplifying assunptions as above yields an

expression for v of the form

vV = 02 [(1-3)3]A',
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which |ooks very much like the first problem considered here.

There are two mnor differences. First, the relevant consunption
level is that applicable to retirenent rather than to pre-
retirement. The second is that the adjustnment factor--the

elasticity term £ is calculated at the retirenent utility |evel
of leisure where L = 1: a = cg u, (cp,1)/u(ey,l). It is not at
all obvious whether or not & falls “short of or- exceeds the
corresponding elasticity calculated at the preretirenent optinum
utility: this would depend on the precise form of preferences.
Nor is it entirely obvious, wi t hout more structure on
preferences, whether ¢, exceeds or falls short of ¢;. This would
depend on the nature of conpl ementarities and substitution
bet ween consunption and |eisure, about which little can be said
in general. However, the budget constraint does inply

cp = [(WA*) + w(l-L) - eyl / (A - ax)/a%*,

where A* is the annuity formula for T* periods and A is the

formula for T periods. It is clearthatthe |onger the period of
retirement, the smaller is e, and the lower the value of v,
ceteris paribus. It is also clear that v is larger for people
with greater nonhuman and human wealth, because retirenment
consunption will be larger in these cases.

4.3. 4. The Value O Morbidity

The ideas in the last tw extensions provide a basis for
beginning to evaluate norbidity. | mgine the follow ng
situation: The person is ill for exactly S periods, after which
time he beconmes "whole." During the period of illness, utility
is G(cq,Lq), While during the normal (well) period utility is
u(e,y,Ly) as Dbefore. Here the subscript 1 refers to these
variables in the well-state. For the demarcation of illness to
make any sense, we nust have that G(e¢,L) < u(c,L) when both
functions are evaluated at the sanme argunents. Then ill ness
makes the person worse off. In addition, a person who is ill
cannot work on the sane terns as one who is well. Represent this
by a drop in the wage: if the wage in state 2 is w, then the wage
in state 1 is aw, where a < 1. In addition, nedical and other
expenses nmay be required if the person is ill. Denote these, as
a flow, by D.

The budget constraint for this problemis

(4-21) W + integral fromO0 to S of aw(l-L; (t))e ©F dt

+ integral fromS to T of w(l-L,(t))e *F dt

integral from 0 to S of (cy(t)+D)e % dt

+ integral fromS to T of / cy(t)e TF dt
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O course it may turn out that the person chooses not to work in

state 1, in which case the first earnings expression in (4-21) is
zeroo. Agai n, mai nt ai ning seperability for analytical
convenience, lifetime utility is

(4-22) U = integral fromO to S of G(ecq(t),L (t))e 2Fdt

+ integral from S to T of u(ey (£),L, (t))e "2F dt.

If we assune that r = a and that w is independent of t, we again
find that the ¢'s and L's are constant in the optinum program so
t hat

(4-23) V = max{G(ep,L1)Ag + u(ecy,Ly)(Ap-Ag)

t+ m [W+(aw(l-L;) - cl - D)ag

+ (W(l-Lz) - °2)(AT - As)]},
where A, is the annunity formula for t periods. W are
interested in how nuch wealth a person would be prepared to pay
to reduce the period of illness by an increnment ds. This again

is a marginal rate of substitution calculation conparable to the
definition of . Hence define M as the corresponding value of
norbidity:

(4-24) M = (dW/dS) = Vg/Vy.

From (4-23) and the envelope theorenmit follows that

Vg = (G- wag + [y - ¥2 - (ey + D - ep)la’g,
VW - m,

where y; = aw(l-L,) and y, = w(l-Ly) are earnings in states 1 and
2 respectlvely ]Appl ying the definition (4-24),

(4-25) M = ([u(ey,Ly) - G(ep,Ly)]/m + (¥ - ¥y1) + c1+ D-cy)lA’g

This expression shows that the value of norbidity
reduction is conposed of three distinct parts. One part is the
difference in earnings between the two states, or “foregone

earni ngs" comonly found in practical work. To this nust be
added the cost of nedical care and related expenses (D), which is
also commonly incorporated in enpirical neasures. However, these

nmeasures usually excluded two other conponents which are nore
difficult to measure. The first of these is the dollar value of
the utility loss of illness, reflected in the first bracketed
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termin the expression for M -division by the marginal utility of
weal th converts the wutility difference to an equivalent dollar
magni t ude. This term would be related to the concept of "pain
and suffering" associated with personal injury |litigation. Its
magni tude obviously varies with the degree of debilitation, and
also with the extent to which the relative marginal utilities of

consunption and leisure are affected by the illness and the
extent to which "leisure" and consunption in the ill state are
conpl enments or substitutes. Little can be said about this in
general, and it nust be analyzed on a case-by-case basis. The.

third term is the difference in consunption between the two
states, and this is alnost always ignored in enpirical work. To
the extent that consunption in the ill-state falls short of
consunption in the well. state, that difference should be
subtracted from a wllingness-to-pay neasure. To the extent that
was true, the "pain and suffering" term would be offset.

To understand this last adjustnment a little better, wite
the two conponents conbi ned:

(u(ey,Ly) - G(eq,Ly))/m - cp + €1
= ([u(ey,Ly) - m ¢cp] - [G(ey,Ly) - m cy])/m.

Now m equals the marginal utility of consunption in each state,
by the first order conditions of the maxi num problem and can be
thought of as the shadow price of consunption in each state.
Then each of the terns in square brackets above is total utility
in the state mnus the utility cost of consunption in that state,
or a neasure of "rent" in that state. It is the difference in
these rents between states that nust be inputed to the valuation
of norbidity. It seens clear that the rent in the well-state
woul d exceed that in the ill-state, so foregone earnings and
medical bills would understate the true cost of norbidity. The
extent to which it would understate the truth, however, would
depend on the precise properties of preferences and how the
illness affects G(e,L).

4.3.5. Value 0f Life Expectancy: Stochastic Model

4.3.5.1. Prelimnaries

In this section we examne a stochastic decision problem in
which life expectancy is uncertain. Wiile this changes sone of
the details of analysis, the main thrust of the determnistic
nodel carries through with mnor alternations.

Anal ysis of the stochastic case requires sone attention to
the statistical description of l1ife chances, and a brief review
of some actuari al concepts for describing probability
distributions over length of Ilife. Let F(t) be the probability
of surviving until age t at nost. Then 1 - F(t) is the survivor
function, the probability of surviving to at |east age t, or
nor e. Define f(t) = dF(t)/dt = -d(l1-F(t))/dt as the density
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function of length of life; the probability of surviving to age t

exactly. The age specific death rate or hazard rate, is the
probability of death at age t given that one has survived up to
t hat age. It is a conditional probability: Denoting the hazard

or death rate at age t by h(t), it is h(t) = £(t)/(1-F(t)), or
from the relationship above:

(4- 26) dlog(l-F(t))/dt = -h(t)

Integrating (4-26) and using the boundary condition F(0) = 0 (we
are only looking at survivors at birth), yields the fundanental
rel ationship between the hazard rate and the survival rate

(4-27) (1 - F(t)) = exp (- integral from O to t of h(z)dz},

where exp neans the exponential e.

The inportance of equivalence (4-27) lies in its relation
to the problem at hand. The hazard h(t) is naturally associated
with the wundertaking of risks to Ilife and 1is the natural
primtive for studying the valuation of |ife-threatening actions.
However, the survivor function is the natural primtive for
studying expected utility and expected wealth. Equation (4-27)
shows precisely how the two are rel ated.

At sone cost of realism great sinplicity in understandi ng
the nature of the problem is achieved by studying sonme special
cases. In particular, assume h(t) = h, so the death rate is
constant at all ages (the case of constant hazard). Then it
follows directly from (4-27) that
(4-28) F(t) = 1 - e Bt

1 - F(t) = e"ht,

£(t) = he BT,
The probability density of length of life f(t) is exponential in
this case. Furthernore, |ife expectancy itself, call it E(t) is
sinmply related to the death rate as

E(t) = integral from O to infinity of tf(t)dt

= integral from O to infinity of hte Bt - |/h,

- |/h.
Note that |ife expectancy is independent of current age in this
case. No matter how long one has lived there is always 1/h years
left! The system has no nenory. This is of course highly

unrealistic, but the convenience of analysis nore than nakes up
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for this defect. The nore general case in analyzed by Arthur, to
which the reader to referred for details.

Suppose now that the hazard rate is a step function. That
is, it is h(t) = hqy for t < T, but then junps to a higher |evel
beyond sonme age T: ]h(t) = h2 for t > T. Then application of (4-
27) vyields
(4-29) 1 - F(t) = exp(-h,t) for t < T

= exp ([(hy-h;)T]-hyT).

Now the survival function is exponentially declining at rate h,
for t < T, but its slope shows a point of discountinuity at T.
It declines at a larger rate for t > T than for t < T. Here we

would find that |ife expectancy is decreasing with age, so |ong
as t < T.

Any pattern of h(t) could be approximated in this way as a
sequence of step functions. Since the nechanics of this are
straightforward, they will be omtted here. Instead we turn to
the choice problem

4.3.5. 2. Optimal  Choi ces

The fundanmental method follows the determ nistic approach

above. Let us begin by ignoring work decisions and describe
tastes by an intertenporally separable wutility function in the
sequence of consunption c(t). If a person lives exactly t years

then his utility is postulated to be
U(t) = integral from O to infinity u(c(z) e 2% dz,

which follows precisely the form of the determnistic nodel.
However, in an uncertain world a person lives t years only wth
probability f(t). Therefore apply the expected utility theorem
to U(t). A person's expected lifetinme utility is
(4-30) EU = integral fromO to infinity of U(t)f(t)dt

- integral fromO to infinity of u(e(z))e 2% dzdt

- integral from O to infinity of u(e(t))e 2t

= integral fromO to infinity of £(z)dzt

- integral from O to infinity of (l1-F(t))u(e(t))e 3% gt
where the second to last equality follows by a change in the
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order of integration. W see that the relevant utility
expression incorporates the survival rate [-F(t) and that is why
it is a fundanmental concept for the problem Substituting from
above, preferences follow

(4-31) EU = integral from O to infinity of

u(c(t)exp(- at - integral from O to T h(z)dt)},

so the hazard rate works exactly like a discount rate. To make
this even nore transparent, suppose h(t) = h %s %3nstant. Then EU
- integral from O to infinity of uc(t))e {@*M)t 4¢  and the
"effective" discount rate is a + h. The force of nmo'rtality h
nmakes a person act nore "inpatiently" and to weigh the future
| ess heavily.

Budget constraints in problenms such as this create a host
of conceptual difficulties revolving around the question of how
to cope with the fact that the person mght die in debt. These
i ssues have been thoroughly explored by Yaari and there is little
to add to that discussion here. Hence we adopt a natural
solution in which a person is not allowed to die in debt and can
borrow and lend on a perfect capital market at rate of interest
r. The constraint of budget balance at each possible point in
the life cycle is enforced by an actuarial insurance-debt system
It amounts to the followng. Wenever a person nmakes a |oan he
is conpelled to at the same tinme take out an insurance policy of
equi valent value such that if he dies at any tine during the
course of the loan, the insurance indemity is sufficient to pay
off the renaining balance. As is well known, this is basically
an actuarial annunity system in which a cohort of identical
individuals turn over their wealth to the insurance-finance
conpany and contract for their optiml consunption bundle c(t)
whi ch persists as long as and for however long they live. Those
who die early effectively subsidize the fund ex post, since their
assets have exceeded their consunption clains. These subsi di es
are used to pay the consunption clains of those individuals who
survive longer than average. W can represent this in a sinple
manner as follows.

If a person lives for exactly t periods and contracts for
c(z), the present discounted value of his clains is integral
fromO to t of c(z)e ¥%2dz. The probability of surviving for
exactly t periods is f(t), so the expected discounted value of
the claim e(z) is equated to the person's initial wealth W under
an actuarial, no-load system The budget constraint is

(4-32) W= integral fromO to infinity of f(t) tines
integral from O to t of c(z)e T% dzdt

- integral fromoO to t of (1-F(t))ec(t)e TF dt,

4- 48



where the second equality follows from the same change in order

of integration as above. Again, it follows that the influence of
the survival term (I-F(t)) in this expression is to increase the
effective discount rate. It is interesting to note that even if

r and a are zero, there is a well defined optimzation problem
sonething that isn't true in a determnistic problem with an
infinite horizon (because the objective function beconmes
unbounded in that case).

The economic problem is to choose c(t) to naximze (4-30)
subject to the constraint in (4-32). Associating a nultiplier m
with the constraint and noting that the term in (I-F(t)) is
conmmon to both the objective function and the constraint and
therefore factors out of the optimality conditions, first order
conditions for the problem duplicate those of the determnistic
probl em W have

(4-33) u’(c(t))e 3% = me *t for all t.

The interpretation is straightforward. The life insurance
features of the annuity arrangenent allow the person to do
what ever he would have done in the determnistic problem and to
insure the death risk over consunption streans by the |aw of
| arge nunbers applied to his cohort. In particular, assune r =
a. Then (4-33) inplies c(t) = ¢, a constant, and the person
contracts for a constant-consunption stream up to the point of
his death and no matter how long he |Iives. From the budget
constraint we have that ¢ = Wintegral from O to infinity of (1l-
F(t))e Yt dt, so the anobunt of consunption available under this
schene depends on the person's wealth, the rate of interest, and
the precise age-pattern of survival probabilities.

4.3.5. 3. Val uation Formul as

Consider the case where h(t) = h. Then (4-32) inplies
W= c/(r+h), just the formula for the value of a perpetuity of c
at discount rate (r+h). In this case (4-30) becones EU = EU =
u(e)/(r+h), or instantaneous utility discounted at rate r+h
forever. Therefore
(4-34) V = EU = u(W(r+h))/r+h

This looks very simlar to the determnistic problem  Define Vv
as the value of changing the probability of death, h. Then

(4-35) v' = - (partial of V wr.t h)
/ partial of Vwr.t. W= dW"'dh.
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v' is anmount of noney the person would have to be paid to
increase the death rate confronting him by dh. From (4-34)

VW - u'(c)t

Vy = [(r+h)Wu(e) - u(c)]/(r+h)?
Therefore, in the constant hazard case with r = a,

(4- 36) v' = [u(e)/u’'(e) - (r+h)W]/(r+h)?

= (W/(r+h))(l-E)/E,

where again E is the elasticity of u(c) with respect to c, and

0 <E < 1. Comparing this with -equation (4-11) of the
determnistic nodel, we see that the term in h serves as the
correction factor for finite life, rather than the annuity term A
in (11). Ot herwi se, the expressions are identical and have
identical inplications. v is increasing in Wand decreasing in E
for the same reasons as were spelled out above. In particular,
the role of quantity versus quality of ||ife substitution as
reflected in E remains exactly the sane as before. It is also

true that v' is decreasing in r, and is also decreasing in h.

W can find an equivalent expression in ternms of the
expectation of [life, ¢tz since t-= |/h when the hazard is
const ant . Then dh = - dt/t® so

dW/dt = [(W)/t(rt+l)] [(l-E)/E].

A person with a longer |life expectancy is willing to pay less to
extend it.

4.3.5.4. Val uati ons of Wrkers

Let us now extend the stochastic nodel to include choice
of work and earnings as well as consunption. Then, simlarly to
the deterministic nodels, the one-period utility function nust be
witten u(e,L), where L is leisure. This function replaces u(c)
in the definition of expected utility in (4-30). A worker has a
source of earned inconme as well as endowed wealth. If he can
earn W(t) per unit of tinme, earned income is wWt)(l-L(t)), which
when discounted to present value and including allowances for
mortalitty becones infinity of 0 to infinity of w(t)(l-L(t))(1l-
F(t))e T%dt and which nust be added to the termin Won the left
hand side of the budget constraint in (4-32). The first order
conditions for choice of c(t) and L(t) duplicate equation (4-14)
in the determnistic nodel. Wth r = a and W(t) = w, the value
function becones
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(4-39) V max {([u(ec,L) + m[w(l-L) - c]]

, L

(eI |

integral fromO to infinity of (1L-F(t))e Y% dt + m W,

since c(t) = c and L(t) = L under these circunstances.

Assurme h(t) = h. Then the integral term in (4-39) is
nerely 1/(r+h) and nmaxinum expected wutility is the perpetuity
value of wu(e,L) held at its optinma values of ¢ and L, at
discount rate r+h. In this case we find

(4- 40) -V / Vy = [e(1-E)/E + w(1-L)]/(r+h)?

as the capital sum the person would be wlling to give up to
reduce the death rate by dh. This expression is simlar to (4-
36) with the addition of the earned inconme term since the
opportunity to work has val ue.

Expression (4-40) does not <closely relate to enpirical
work in this area. Much of the enmpirical work on the value of
life uses labor market data and estimates the risk premum
necessary to induce a worker to undertake a risky |job. For the
problem at hand, the relevant risk premum is nothing nore than -
Vi / Vg, Which is, in this case

(4-41) Vi /Vy = [e(l-E)/E + w(l-L) - c]/(1-L)(r+h).

From this expression we may infer something about the
intertenporal substitution paraneter E

As an exanple, consider the study of Thaler and Rosen
(Ippolito and Ippolito produce a simlar estimate from nuch
different data.) Thaler and Rosen estimate - Vh /v, in terns of
the weekly wage as $3,520 in 1968 dollars. In their sanple
average weeks worked are approximately 50 and the average worker
earned about $6, 600. Since this is a low inconme population, the
bul k of consunption expenditure nust have come from earnings, so
ignore savings and assunme ¢ = w(l-L) = $6, 600. Substituting this
and (1-L) = 50 into (4-41) and rearrangi ng, we have

E = (6,600/176,000) / (r+h)

Hence the estimate of E depends on assunmed values of r and h. In
the Thaler and Rosen sanple, h is about 2.5 per 1,000, deconposed

into 1.5 per 1,000 normal |ife table experience plus an
additional 1.0 per 1,000 excess risk from working conditions
anong people in hazardous | obs. Hence any realistic interesct

rate swanps the effect of h. For this population r = 10% woul d
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appear to be a plausible |ower bound. If so than E = .39. |[f r
= 15% the estimate of E drops. to .26. Presunably these are upper
bound estimates anong the population at |arge, because nost
workers are not found in risky jobs through selection: ceteris
paribus their value of E nust be no greater and nost probably
lower than indicated if they find it advantageous to work on
safer jobs at |ower rates of pay. Hence from this evidence, we
get an upper bound of E in the .25-.40 range.

Now return'to equation (4-36) and convert it into |ogs:
(4-42) dlog W/dlog h = [h/(xr+h)](l-E)/E.

Substituting the values above yields as estinmate for dlog W/dlog
h in the range .04 to .05. That is, the people in this sanple
woul d have been wlling to give up one-half percent of their
wealth for a 10 percent reduction in the death rate. Presumabl y
the equivalent sum for the average person in the population is
|arger than this because of the selection effect nentioned above.
Notice however, that the terminh/(xr+h) is even snaller for such
persons (because their values of h are smaller) and this danpens
any effect of a smaller value of E Notice also, as a rough and
ready approximation, the termin h would be nmuch larger for ol der
persons, so they would be willing to pay a much larger fraction
of their wealth.

Now consider an experinent related to the specification in
(4-29). This is interesting because it is closely related to
long term hazards with a latency period of length T. Thus, for
exanple, a person with a "normal" risk exposure hy; may undertake
some action now which has no effect on death probabilities until
periods later, at which tine the death rate junps to h2. Exposure
to chemcal substances may take this form Agai n  mai nt ai ni ng
r = a for sinplicity, from (4-29) and (4-30) and (4-32) we have
(4-37) v = max (u(c) integral frominfinity of (1-F(e))e F% dt

+ nW- c / (1-F(t))e FFt dt)

= max [u(c) - me][(1l/(r + hy))(l-exp-(r+hy)T)

(1/(x+hjy)) (exp (-(r+hy)T),

from which it follows by the now fam liar manipul ations

(=¥ )/Vy = [e((L-E)/B)exp (-(s+h)T)]/ [(r+hy)?)
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(4-38) Vp/Vy = [c((1-E)/E)exp( -(r+hy)T)] [(hy-hy)/(*r+hy)]

The first expression in (4-38) shows how nuch the person is
willing to pay to reduce the later hazard. This again depends on
the intertenporal substitution parameter E and the |level of
consunption, as before. It also depends on how far away the
hazard is from the present- -the further away it is the smaller
the willingness to pay to reduce it-- and on the rate of interest.
The second expression in (4-38) shows how much the person would
be willing to pay to push the increased hazard a Ilittle bit
further away from now. This also depends on ¢ and E, and is
decreasing in T and increasing in the difference h, - h;. The
third expression, witten for conpleteness, is the nmarginal rate
of substitution between the |evel of the new hazard and the tine
of its occurrence.

The nost inportant thing to notice about these valuations
is that they are tinme or age dependent. The willingness to accept
risks of this form is largest for younger people and the wllin-
gness to pay to avoid them is largest for older individuals (when
the person is old enough to have passed beyond t = T, the formulas

revert to the formof (4-36)). This is basically due to the force
of discounting, which includes not only the interest rate but the
hazard rate itself. Furthernore, these expressions make no allo-

wance for pain and suffering and the manner of death, but
including such factors would have the effect of increasing their
absolute wvalues W thout affecting their intertenporal patterns.

Changing valuations over the lifecycle raises sone tricky

issues for risks that are irreversible. Thus suppose the market
provides an opportunity for wundertaking a risk exposure of the
type above which increases wealth or utility in other ways. Then

we would again find sone critical age, beyond which a person
woul d not undertake the risk, but before which he woul d. Suppose
this action affects h, pernanently, so there is no going back on
the decision once it has been undertaken at the early age, and
the person is stuck in a permanently high risk class at sone tine
in the future. Then as the person ages, he would perhaps have ex
post regret about his earlier actions. However, there appear to
be no inconsistencies (in the sense of intertenmporal
irrationalities) in this type of behavior, Dbecause, by
hypothesis, all these affects are foreseen in the first instance.
The point applies to any type of ganbling behavior. A ganble may
appear to be very favorable ex ante, but ex post realizations
often lead to regret, about which nothing can be done and which
is already factored into the initial decision to undertake it.
The sanme is true in this case when all the information is on the
t abl e.
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Nonet hel ess, in evaluating such hazards for the purposes of
social policy and cost-benefit analysis, one would certainly I|ike
to take account of different valuations by people of different
ages, since it is the sum of all valuations whichmatter. That a
person mght have a different valuation at different points of
time and age is properly accounted for in these suns, and no
al |l onance need be nade for the fact that the person wll change
his valuation at sone future tine. This conclusion is of course
conditioned on the manner in which the problem has been set up,
which assunes perfect information and a perfect capital nmarket.
If capital markets were inperfect and the insurance charge did
not fully reflect the increased future risk for any given person,
there would be a noral hazard effect and the social value of risk
woul d exceed the private value, because individuals would have a
tendency to shift risks excessively to the insurance fund. Too
many risks would be undertaken. And of course simlar statenents
apply if assessnents of future hazards are biased (in either
direction) by the persons undertaking them

4.3.6. Interpretation and Applicatioms

4.3.6.1. Maj or Results From The Life Cycle Model

Section 4.3 has been notivated by the question "How nuch
of the econony's wealth should be spent on safety, health and
| ongevity concerns?" The answer depends on the way individuals
(or households) appraise their own life situations. and how they
make decisions they judge to be optimal in light of those situa-
tions. This section has provided a franework that identifies the
underlying decision variables and guides the valuation of policy
deci sions designed to inprove people's |life prospects.

A life cycle franmeworkhas been seen to be appropriate, and
the intimate relation between quality of Ilife and |ongevity, or
quantity of 1life, has energed in the development of the nodel.
Valuations of increases in |ife expectancy, in reductions in
periods of illness, and in reductions in risk of death have been
expl or ed. Labor force participation and the value of increased
| ongevity are taken into account. Results derived from the nodel
include wdely recognized effects such as foregone earnings and
nedi cal expenditures, and also nore frequently overl|looked effects
such as the utility of consunption and |leisure and differences in
the utility of consunption and leisure and differences in con-
sunption between various states of wellness.

Several parameters play key roles throughout the
devel opnent of the nodel, and others are inportant to the
devel opnent of special parts of it. Per haps of greatest interest
anong the forner is the elasticity of lifetime consunption. This
relates to intertenporal substitution and reflects the close
relationship between the quality and quantity of [life. O her
paraneters in this category are the rates of interest and tine
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preference, the level of wealth and the person’s. stage in the
life cycle.. O interest in the other category of paraneters,
pertaining to special parts of the nodel, is a "consunption
correction factor," which takes into account the fact that
people's capacities change over their life cycles. This is
particularly inportant, in enpirical work because it pertains to
people's endowrents, which are inportant in explaining their
val uati ons. Anot her special paraneter is the hazard function
paraneter, which neasures an individual's probability of dying at
any given age. This is another aspect of endowrent. It is
central to the treatnent of the effects of wuncertainty on choice
and is of particular interest in valuing threats to health that
involve latency, which is represented by a discrete increase in
the hazard of death after a nunber of years el apse.

One of the results is that younger prople are wlling to
pay less to extend their |ives than ol der people. The primry
reason is that the return to a younger person is deferred so far
into the future that its present value has been largely w ped out

by di scounti ng. It is quite possible that the person when ol der
will regret actions taken earlier in life because extended | on-
gevity has becone nore inportant in the neantine. Nevert hel ess

the now regreted actions nust be regarded as rational when pre-
ferences are tinme separable. A simlar result is obtained in the
analysis of risks to health which change the probability of death

after an intervening period of |atency. Once again the farther
into the future the increased risk is deferred the |less a person
is willing to pay now for its reduction.

Maureen Cropper has added a coment regarding the effects
of age on wllingness to pay for risk reduction. One nust
distingusih between the age of the respondent at the tinme the
guestion is asked and the age at which the risk occurs.

To illustrate, consider two nen, one 18 and the other 45,
who have identical preferences and lifetine earnings streans. The
distribution of date of death conditional on reaching age
t (t-18,...) is the sane for both persons. The only difference
between them is that the 45-year-old has followed for 27 years
the consunption path which the 118-year-old wll eventually

foll ow. There are three willingness to pay to conpare:

(1) The anount the 18-year-old will give up today to avoid
a marginal increase in his conditional probability of
death at age 18.

(2) The amount the 18-year-old will give up today to avoid
a marginal increase in his conditional probability of
death at age 45.

(3) The anobunt the 45-year-old will give up today to avoid
a marginal increase in his conditional probability of
death at age 45.

Wth perfect annuities markets and a rate of time preference
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equal to the market rate of interest, (1) > (2)and (1) > (3).
The fact that (1) > (2) neans that a reduction in risk of death
27 years hence is less valuable than a reduction in current risk
of death. This point is made in this section and has obvious
rel evance for valuing risks wth long |atency periods.

The fact that (1) > (3), i.e., that the 18-year-old wll
pay nore to reducehis _current risk of deaththanthe 45-year-old
(at least according to the theoretical nobdel) needs to be nade
clearly. One can reverse this inequality by assum ng inperfect
capital nmarkets, which constrain the individual to consune no
nore than his inconme when he is young, and a hunp-shaped earnings

stream however, under the assunptions of this section, (1) >

(3).

V. Kerry Smth coments "on the possibility of considering

a' changing framework,' that is, a framework which allowed the
individual to change his or her plans over tine. The current
framework seens to assunme there is one optimal plan which is in
not allowed to change with respect to changes in the paraneters of
the individual's situation. The actual nodel is probably nuch
nmore like a situation in which the individual nakes a plan and
then takes one step along that plan, updates, and utilizes a new
pl an. "

The elasticity of the I|ife cycle consunption function,
which is closely'related to the intertenporal substitution of
consunption, has a strong bearing on both the value of extended
life and the value of reducing hazards that occur later in life.
The greater a person's ability to substitute present consunption
for future consunption the less interest that person has in

providing for the future. The value of the intertenporal
substitution parameter is a key inportance in understanding
tradeoffs between the quantity and quality of |Ilife in this
f r amewor k.

Elasticity of consunption is estimated to have an upper
bound of 0.25 to 0. 40. This rather low elasticity inplies that
quantity and quality of |ife are poor substiutes for each other,
which in turn varies the value of extra years of life.

Allowing for reduced capacity for consunption during |ater
years of life requires a consunption correction factor. The
i mplication of dimnishing capacity 1is that unless real
consunption can be nmmintained the value of longevity is reduced.
This is an inportant inplication because people's consumption-
capacity prospects and expectations can be approxi mated
enpirically.

The fact that people value extensions of |ife the older
they get has inplications for |abor market behavior. Supposi ng
that opportunities to extend life a given anount have a constant
cost independent of age, then there is a threshold age belov
which people are willing to accept shortened |ife expectancy in
exchange for increased noney return, whereas people above the



threshold will not accept the trade.

Application of the framework to sone available sanple
evidence yields the result that people would give up one-half
percent of their wealth for a ten percent reduction in the death
rate. The equivalent anount for an average person in the
popul ati on woul d probably be greater.

4.3.6.2. Life Experiences and the WIIlingness to Pay to Avoid
Serious |Illness

The life cycle approach to serious illness was applied in
later parts of this study in experinental focus group sessions.
It was hypothesized and found to be the case that age nakes a
great difference in the way a person perceives the consequences
of risks to health, either with certainty or varying degrees of
probability. Focus group explorations of hypothetical life path
experi ences showed graphically that people in their twenties have
little or no interest in their health propsects for their seven-
ties or even their fifties. A different picture energes from the
responses of people in their fifties or sixties. The theoretical
contributions of this section provide the rationale for this
behavi or and point the way to enpirical solutions to the problens
rai sed by these focus group encounters.

The contingent valuation questions to be considered in
Section 4.5, which grew out of the framework here and |earning
from focus group experience, enphasize conparisons between life
pat hs. In sone cases individuals are required to rank alterna-
tive paths which enbody different tradeoffs between suffering and
life expectancy. Different kinds and durations of suffering are
consi der ed. Finally, wuncertainty is introduced and valuations of
risks are sought wthin streans of experience that enbody both
si ckness and deat h.

Perfect health is generally not the alternative to
synptons, diseases or health risks that are reduced by successful

public policy. The value of inproved prospects nust be weighed
against alternatives that carry risks of their own. Thus a
person is generally trading one stream of illnesses for another,

| ess undesirable one. It is this change, rather than a

transition to perfect health, that constitutes the benefit of the
public policy.

The |ife path approach constitutes in a nunber of ways a
departure from conventional nethods of valuing health benefits.
The distinguishing feature of the approach is its treatnent_ of

the whole stream of experience as the focus of analysis. Good
health, illness and death are viewed as inseparable in analysis
as in life. As in other areas of I|life people make choices for

more or less health and longevity. To an inportant degree people
choose greater or |lesser amounts of health and |ongevity de-
pending on their values for these goods relative to their other
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wants and needs. The life path approach is an appropriate nmeans
of obtaining health values because it is based on wllingness to
pay in view of the totality of substitutions that people nmake
over time in resonse to changes in health risks. Methods that
attenpt to value health or longevity as one period events, and
especially methods that disregard age, run the danger of m ssing
i mportant determ nants of health val ues.
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4.4. MCDELLI NG OF CHO CES W TH UNCERTAI N PREFERENCES

4.4.1. Backgrond

Peopl e have many occasions in their lives to take actions to
avoid or reduce risks. In order not to spend al their resources
on risk avoidance, they inplicitly consider what the value of
risk reduction is, and they try with nore or |ess success to
carry risk avoidance only to a point justified by the costs.
This point is often unconscious or subconscious. It is carried
out inperfectly and is beset by lack of information due to the
fact that, while the events to be avoided involve very great
val ues, the probabilities are small and outside the realm of
everyday experience. Knowl edge about risks is inportant. Thi s
is particularly the case for environmental risks. Thus people
tend not to know their own mnds on the subject of risks. Section
4.4 addresses the problem of making choices about risky
alternatives in view of know edge inperfections. Section 4.4.2
introduces the difficulties for benefit-cost analysis caused by
risk, and the approach taken to solve them Section 4.4.3
di scusses relevant 1issues - in the theory of expected wutility.
Section 4.4.4. introduces the concept of wuncertain preferences.
Section 4.4.5 critiques the literature on risk from psychol ogy
and relates the concept of uncertain preferences to the economc
l[iterature of behavior towards risk. Following introductory
comments in section 4.4.6, section 4.4.7 and 4.4.8 produce a
series of theorens that indicate how people process information
and nmake choices about |ow probability events on the basis of the
results. Section 4.4.9 conpares the effects of wusing conparison

guestions versus. realing questions. Section 4.4.10 introduces
the realistic assunption that respondents’ answers to certain
guestions are interrelated, and examines its inplications.

Sections 4.4.11 through 4.4.13 discuss the effects of Ilimted
menory and bias in the answering of questions about risky events.
Section 4.4.14 draws inplications of the theorens for the study
of serious illness, giving particular attention to contingent
val uati on.

4.4.2. Apprpach Takem in This Section

A major benefit of air pollution regulations is the
reduction in health risks. If the govenrnment w shes responsibly
to decide on the correct level of standards to inpose, it nust
attenpt to determine what value individuals place on health risk
reducti on. Utimately there are only two ways to gain this
i nformation. One is to observe narket behavior and, through the
logic of revealed preference, to make inferences about
individuals*' tastes. The other i{s to ask individuals directly
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about their preferences. In the case of nost public goods,
including air quality, there are few markets in which individuals
can reveal their preferences--indeed, this scarcity of markets is
the reason governnent nust be concerned with the problem in the
first place. Thus it appears that surveys and interviews are
likely to be necessary in any attenpt to assess the public's
demand for reduction in health risks.

Researchers have, however, run into serious difficulties
when they have attenpted to interpret individuals' responses to
questions about their preferences in risky situations. Many
econom sts are suspicious of survey responses about wllingness
to pay, feeling that they are subject to strategic manipulation
by the respondents. In the case of survey data on risk
t ol erance, there are much nore imediate problens: Answers
elicited appear to be at odds with the standard econom c theories
of risk aversion. Wrse, they appear to be inconsistent with the
fundanental assunptions of rational decision making.

Therefore, to be able to use survey data to establish the
value of the benefits from risk reduction, we need a franework

that will enable us to interpret that data consistently in a
cost-benefit analysis. Section 4.4 will attenpt to provide the
conceptual basis for such a franework. The framework we propose

is one in which it is costly for individuals to determne their
own preferences and therefore unlikely that their responses to
survey questions wll reflect their true choices with absolute
accuracy. VW w il denonstrate how cost-benefit analysis can be
interpreted in such an environnent and briefly indicate sone

inplications for the handling of surveys of individuals' risk
t ol erance.

This approach is consistent with nuch recent work in
cognitive psychology, and can in fact be understood as a economc

reinterpretation of sone of that field s analysis. It differs
however, from the approach taken by nmuch recent work in economc
t heory. W will begin therefore by outlining the recent

theoretical alternatives to expected wutility, the reasons why
they have been advocated, and the reasons why we feel these
approaches are not adequate to handle the problens inherent in
the use of surveys. Then we analyze the conceptual problenms with
cost-benefit analysis when individuals are uncertain about their
owmn preferences, and the limtations of and uses of surveys in
t hose circunstances, Next we briefly review psychol ogical nodels
of decision making of relevance to our problem Finally, we

develop a nodel of wuncertain preferences which translates the
psychological nodels into a cost-benefit framework. W use the
structure briefly to examne the nethods by which surveys may
nost effectively be wused to gather information about the true
underlying preferences.



4.4. 3. Expected Ulility Theory and lts (ritics

For nore than two decades expected utility theory has been
the domnant paradigm in economcs for nodeling individual

deci sion making wunder uncertainty. The main appeal of the
formulation has been theoretical; the axionms from which the
expected utility theorem is derived are sinple, elegant, and for
the nost part intuitively unobjectionable. The framework has

proved to be a solid foundation on which to develop both
macr oeconom ¢ and mcroeconomc theories, and to be a handy and
reliable maintained hypothesis in empirical work exam ning
markets in which uncertainty was a consideration.

Wiile the theory has been domnant, it has not been wthout
obj ections and challenges, both on theoretical and enpirical
grounds. The theoretical objections have centered on the so-
call ed independence axiom ‘The independence axiom as il-
lustrated in figure 4-4, says that lottery A is preferred to
lottery B if and only if a conpound lottery in which A is the
prize with probability p and C is the prize wth probability (1-
p) is preferred to a lottery in which B is the prize wth proba-
bility p and Cis the prize with probability (I-p), for all A B,
C and p. Al though this assunption seens a priori reasonable, it
is not as fundanental as the other axions upon which expected
utility theory is based. The nmain objections to it have arisen
from enpirical results in which individuals' stated preferences
appear to violate this axiom Anong the earliest exanples of
this violation are those by Allais (1953).

A sinple version of the phenonenon noted by Allais can be
descri bed as follows.. In Figure 4-5 virtually all individuals of
noderate income prefer $10,000 with certainty (call this outcone
A) to a 50 percent chance at $30,000 (and a 50 percent chance of
recei ving not hing. Call this lottery B). On the other hand, as

illustrated in Figure 4-6, many individuals prefer a .001 per-
cent chance at $30,000 (call this X) to a .002 percent chance at
$10,000 (call this Y). Holding to both of these announced

preferences violates expected utility theory. To show this it is
only necessary to realize the the distribution of outconmes in
lottery X is equivalent to the distribution in a conpound lottery
where at the first stage there is a .002 percent chance of wn-
ning, where the prize is a ticket to lottery B, while lottery Y
is a compound lottery in which there is a .002 percent chance of
winning the prize, which is a ticket to A

Allais cited the independence axiom as the weak link in the
chain and called for its abondonnent. Striking as exanples of
this form were, they had little effect on-the nmainstream of
econom cs, because Allais built no coherent theoretical structure
to set as a rival to expected wutility theory. The first
conpletely developed analysis which dropped the independence
axiom is by Machine (1982), who also surveys the enpirical
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Figure 4-4. | NDEPENDENCE AXI OM
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ALLAIS PARADOX (B)
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objections to expected utility and indicates which of them his
extended theory can address.

Machina analyses the extension of expected utility theory
results when the independence axiom is replaced with the less-
restrictive assunption that preferences are snoboth in changes in

ganbl es. He denonstrates that expected wutility theory still
holds as a |ocal approximtion describing individuals' tastes for
relatively small changes in ganbles around a (possibly random
initial wealth |evel. Any properties which we wshed to

attribute to expected utility functions, for exanple declining
risk aversion, or regions of relative risk loving, can now be
attributed to the so-called "local wutility functions" at various
initial wealth |evels. This is valuable for it permts us to
rationalize not only the Allais paradox, but also the observation
by Markowitz (1952), that individuals continue to buy both
insurance and lottery tickets as their wealth changes. Expect ed
utility theory can rationalize purchases of each by postulating
regions of risk aversion at levels of wealth below the initial
weal th, and regions of risklovingat |evels ofwealthabove the
initial wealth. However, as the individual’s wealth changes, and
he noves out of the initial boundary |evel between these two
regions, one sort of behavior or the other should be abandoned
according to the sinple theory, and this does not appear to
happen. Machina resolves the problem by appeal to variations in
the local utility function as the individual's wealth changes.

A simlar type of analysis <can rationalize the Allais
par adoxes: the local wutility function is again not independent
of the entire set of outcones available to the individual at the
time the decision is nade. Thus there is nothing unexpected in
the fact that the existence of a chance at C affecting the
preferences for A versus B.

However, as Machina hinself notes, there are several
observations in the experinmental work on risk preferences that
cannot be squared with expected utility theory even when extended
in the Machina manner. Most of these are violations, not of the
i ndependence axiom but of the assunption that preferences are
dependent only on the distribution of outcones that the lottery
yields, not the form in which the lotteries are presented. In
the |anguage of psychology, stated preferences appear to depend
on the context in which the alternatives are "franed."

A striking exanple of this phenonenon appears in the work of
Kahneman and Tversky (1979). They build exanples in which
preferences are altered when initial wealth is increased by a
fixed anount, and the outcone of the ganbles offered is decreased
by the sanme anmpbunt in all realizations. Note therefore that the
assunption that is being violated is an extrenely basic one.
nanmely, that preferences depend only on the final distribution of
out comes. Another, equally basic situation of inconsistency of
preferences is described in the work by Gether and Plott (1979),
who trace the evidence of their particular "preference reversal
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phenomenon” through several experimenters' wor ks. Thi s
phenonenon is the fact that individuals, when asked to state a

certainty equivalent for a 'ganble, wll often choose a value
which is greater than the dollar value they will in fact choose
in preference to that same lottery. That is, given a lottery A,
an individual wll claim that he is indifferent between A and

sonme dollar payoff D, and then in fact if offered a choice
between A and sone |ower payoff L, choose L. This observation
apparently violates no less an assunption than the transitivity
of preferences; no extension of "expected wutility" theory can
adgequately handle it, and in their survey Gether and Plott
conclude that the explanation nust I|ie in. sone sort of
information processing problem

However, once we have decided that it wll be necessary to
include the difficulties of information processing as part of our
nodeling of the decisions nmade by individuals facing risk, then
these same difficulties can be wused to explain the other
phenonena which the dropping of the independence assunption was
intended to address (see below). Nor is the dropping of the

i ndependence assunption w thout cost. (hservers have generally
agreed as to the nornative disirability of the independence
assunmption. If we are trying to develop a franework for cost-
benefit anal ysis, these normative argunents carry considerable
wei ght . For if we drop the independence assunption we wll be
faced with a certain tinme-inconsistency in our subjects'
preferences over lotteries. Wiile there is nothing self-
contradictory in this fact, we wll then discover that we can
change individuals' welfare sinply by restricting their ability
to change their mnds about which choices they wll nake,

For instance, suppose we use the Ilotteries described in
figure 4-6. Suppose we start by only allowing the individual
lottery B in the event that the .002 percent chance ari ses. Then
before the outcone of this chance, the individual's wutility is
equal to the utility associated with lottery X Now suppose we
expand the <choices available to include the choice either of
lottery B or lottery A in the event that the chance ari ses. The
result is a decrease in the individual's current utility from X
to Y. The individual's reasoning against the increase in his

choice set is as follows: "Should the chance arise | know I wll
pick lottery A, because as of that date | wll prefer it to
lottery B, but in fact, from ny current perspective | prefer

lottery A to lottery B, thus ny utility has decreased by ny not
being able to prevent nyself from picking this currently-less-
desirable alternative."

Another recently revived alternative to expected utility--
regret theory--generates sinmlar difficulties. his alternative
theory assunes that the individual decision naker mnmakes choices
based not on the distribution of outcomes, but on the distribu-
tion of the difference between the chosen outcome and the outcone

not chosen. This approach, based in minimax strategy gane
theory, was a popular early rival to expected utility theory, and
it has recently been advocated by Loomes and Sugden. A" naj or
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difficulty with the theory is that it inplies an intransitivity
of preferences, since individual preferences are not independent
of the set from which the choices are nade. The authors of the
article argue eloquently that there is nothing "irrational" about
such a nodel of behavior, nor is there any |ogical inconsistency
in the structure. Al though this is true, allowing this assunp-
tion does equal damage to the welfare analysis. For if we |et
t he governnent expand the set of available choices we again find
that utility can decrease, as individuals choose less preferred
alternatives because of the intrusion of seemngly irrelevant
al ternatives.

In short, it appears to us that the price in terns of
difficulties with welfare analysis is too high to pay, especially
given the less drastic nodifications that can be made to
rationalize the observed responses to risk surveys and still
maintain the fundanental welfare-economcs structure intact.

b4.4.4. Conceptual Problens with Wlfare Analysis
When Tastes Are Uncertain

—— g st

Thus we conclude that the best way to procede in trying to
interpret surveys of individuals' attitudes towards risk is to
retain the independence axiom but admt that individuals do not
know their own tastes wth certainty. There should be nothing
counterintuitive in this position: Most people do not deal
regularly with issues of risk; nost people therefore are not
likely to be very expert in stating their preferences over risky
al ternati ves. Under the circunstances, it is not surprising that
when presented with a conplicated set of alternatives anbng which
to choose, nost people nake choices thatseento inplythattheir
preferences are intransitive. However, we would expect the sane
thing to happen if we presented real world consunmers with mulci-
variate bundles of goods and asked them to choose anong them As
long as we kept the bundles the sanme in nost dinmensions and only
varied a few at a tine, we mght have reasonable hope to obtain
a consistent ranking. But when we ask individuals to rank anong
pairs of highly dissimlar bundles, we would not be surprised to
find apparent inconsistencies in their preferences. I ndi vi dual s
are likely to nake mstakes, and to be subject to the utility-
equi val ent of "optical illusions”" when describing their
pr ef erences.

The crucial test is the subject's reaction if confronted
with the apparent inconsistency of sonme set of preferences.
Suppose we say to a particular individual after an interview "you
have said you prefer A to B, you prefer B to C and you prefer C
to A Do you see any inconsistency in these statenents?" |f the
individual's answer is "yes, upon reflection | prefer A to C we
are hone free. If his answer is "yes, | see a problem there, but
| cannot tell which of ny statenents are incorrect.” Then we too
have a problem since the decision task is so difficult for the
individual that he cannot straighten out his preferences even
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upon reflection. Nonet hel ess, our hypothesis of consistency of

preferences is still intact. Only if the individual says "no, |
see no problem at all wth those statements”" are we in deep
troubl e, for then the individual nust nean by the word
"preferences" sonething quite different from what we nean by the
wor d. In the case of Gether and Plott's preference reversal
phenonmenon it is extrenely likely that if confronted with the
apparent contradictions in their statenents the subjects would
agree that their preferences would need revision. It is less
clear from the evidence that this is the case in the Allais
paradox cases. But at least in nultiattribute problens,
descriptions of individuals' decison mnmaking processes seem to

indicate that transitivity of preferences are an underlying
assunption in their own actions (Payne et al.).

To sunmmarize, our position is the following: if individuals
do not have consistent preferences and deny that their own
preferences need be consistent, we cannot do welfare econom cs.
If preferences are asserted by individuals to be consistent then
there is at least the possibility that progress can be nmade.
However, given we can no longer assune that individuals know
their preferences, the question remains, "what is the correct set
of criteria for making welfare judgnents?"

One approach is to argue that the correct criterion is the
criterion that would be wused by the politician hoping for

reel ection. Voters nmake their decisions as to whom to reelect
wi thout being forced carfully to think through their casually
stated preferences. If they do not know what their preferences

would be if they had thought through the situation sufficiently,
it is of no concern to the politician--those "true" preferences
must be irrelevant for reelection. If that neans that different
preferences mght be elicited by stating the decision problem in
different ways, then so be it; we nust state the decison problem
in the form that the politician in power chooses to state it, and
then record the answers as accurately as possible.

The drawbacks of this point of view are obvious. Presumabl y
if the approach were explained to any voter, he would prefer that
alternative criteria be adopted by the investigator. One

alternative appraoch is the following: the problem stens fromthe
difficulty in eliciting individual preferences--this is always a
costly matter, as polling organizations insist. It is
particularly difficult if individuals thenselves find it costly
to determine their own preferences. Under the circunstances, a
voter mght prefer that the investigator use nore extended

surveys, spending sufficient time and resources wth each
i ndi vdi ual intervi ewed. Care should be exercised by going
through the initially stated preferences of the individual in

sufficient detail to determine if there are any inconsistencies
in them by double <checking those inconsistencies wth the

i ndi vidual, by presenting the decision problem in several
different formulations to double check that the individual is not
being swayed by illusions of the presentaiton, and finally by

giving the individual sufficient practice at answering decision
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problems of the sort we are dealing with to allow him to train
hinself in determining his own preferences.

This approach, if explained to the average voter, would
presunmably draw greater support than the initial one. Even if
the voter hinmself is not picked for the interview, if he regards
hinself as sufficiently typical in his tastes, he wll prefer
having a proxy go through this nore extensive interview to get at
what his own true preferences are likely to be. Nonet hel ess the
average voter is still Ilikely to have reservations about this
procedure. The extensive interviewng is largely a mtter of
"education." From the investigator's point of view, it is the
i ndi vidual educating hinself about his own preferences. Fromt he
point of view of a suspicious outsider, it could easily be the
interviewer educating the subject as to what his preferences
shoyl-d be. These suspicions are likely to be particularly strong
if the conclusions of the investigation go against the surface
preference of the outside observer. In short, the procedure nmnust
be carefully tailored to ensure that there is no presunption as
to what are the "right" or "wong" preferences in the situation--
beyond the basic requirenent of transitivity.

This is particularly difficult to achieve since people wll
be dealing with questions to which noral strictures are commonly

pl aced. Many people believe ganbling to be norally wong, and
mai ntenance of health at all costs norally correct. In assessing
the value to one individual of another individual's health, noral
perceptions will play even greater a role. One way of

characterizing the difficulty is to describe an individual as
having two sets of preferences--the preferences of his "selfish
self" and the preferences of his "socially conscious self"-- and
then trying to decide, not which preferences actually count in
i ndi vidual decision rmaking, but which _should count for welfare
anal ysi s. Anot her, probably nore fruitful way of describing the
situation is to say that individuals' stated preferences depend
on their audience. Many of the causes of this dependence can be
reduced to a desire for various sorts of approval--desire to
appear to be a sophisticate, a noral individual, a nenber of the
t eam Nonet hel ess, we do not need to distinguish between the
various reasons for stated preferences to vary. Qur operational

definition of "true" preferences is those that would domnate in

the privacy of one's own hone-- or in the privacy-of the voting
boot h. It still then is an open question as to whether the
normative standard ought to be the sum of individuals' private

preferences but as a practical matter it should not be surprising

to find that indivdiuals will report different preferences to an
interviewer than they wll declare to friends or through their
actions. Al though this difficulty of noral overtones on
prferences IS not a primary focus of this work, it is a problem
which will inevitably arise in the interviewing procedure.

Utimately there is probably no resolution of the issue and the
only procedure open to the investigator wll be an exam naton of

the extent to which individual preferences are influenced by the
groups in which they find thenselves during the interview
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4.4.5. Psychol ogical. Studies

Cognitive psychologists have not been concerned wth the
ethical/public policy question of which statenents of preferences
should be taken into account in the determnation of public
policy. On the other hand, they have studied rmuch nore carefully
the question of what structures we can use to nodel preferences
which wunderlie the apparently inconsistent choices individuals

make.

An early version of a formulation which allows for
i nconsi stent answers to choice questions is the random utility
nodel (Thurstone), which in effect posits the existence of a
di stribution over possible consistent underlying preferences, and
then assunmes that each question is answered with respect to a

draw from one of the distributions. Note that the random utility
nodel is not, easily reconciled with economc nodels of decision
maki ng. For instance, it is not equivalent to a nodel in which
the consuner has Bayesian priors about his own preferences. Such

an account would instead yield a nore conplicated, but still
perfectly consistent set of preferences over |lotteries--indeed
the structure could be aggregated into a state preference nodel
in the ordinary way,

The assunption underlying the Thurstone nodel is that there
is a difference between the purely intellectual question "which
do you like better?" and the economc question, "which will you
take?" (conpare Little). The random utility nodel sinply assunes
that over tinme an individual's preferences change randomy so
that the answer can vary stochastically' to the question when
repeat ed. An alternative formulation, and one nuch nore useful
from our point of view, is that the wunderlying preferences are
constant but the structure by which these preferences are

translated into ‘decisions is stochastic (Luce, Tversky). There
has been nmuch concern in that literature wth the equival ences or
non- equi val ences between various formulations of the random
utility nodel. For our purposes, however, the issues are two:
what rational calculus can underly such a nmodel and what
inplications wll it have for welfare economcs? Qur job as

econom sts is to delve through the stochastic portion to the
underlying preferences; our task in a survey then is to mnimze
the noisiness of the response, and it therefore beconmes inportant
to understand where the noisiness cones from

This investigation belongs to the subfield of psychol ogy
known as decision research. Its investigation involves several
met hohol ogies not normally wused in econonmics, including such
techniques as "verbal protocols" (the investigation of subjects’
reports of their own behavior) and records of subjects' use of
information in the decision process (Payne et al.). A useful
distinction made in this field is between decision nmaking based
on alternative ranking versus decison making based on attribute
r anki ngs. Alternative' ranking involves the process nornmallv
treated in economcs--all alternatives are neasured in some
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common scaling and the highest of these scalings indicates the
preferred alternativel In, attribute processes the various
attributes attached to the alternatives are ranked and then these
rankings in various dinensions are conpared to determne an
overal | ranking. The latter is useful when the tradeoffs between
the different attributes are difficult for the individual to
determ ne, but the cost is that such systens of decision mnaking
easily result in intransitive rankings. Various authors in this
literature have focused on various procedures by which attribute
rankings are acconplished (a brief survey is included in
Aschenbrenner) . Kahneman and Tversky focus on the various
considerations that arise in the process of decision nmaking in
complicated situations.

Among them are the "isolation" phenomenon and the
"anchoring" phenonmenon. By "isolation" is neant the focusing on
the aspects that are perceived as the nmain contrasts between the
two available alternatives, treating as precisely equal the
aspects perceived as of smaller difference. Thus the Allais
paradox can be explained as an approximation' error due to the
decision nmaker's initial estimate that there is relatively little
difference between probabilities of .002 and .001 as opposed to
differences between outconmes of $10,000 and $30, 000. The
phenonenon of "anchoring"” is a perceptual dependence on initial
conditions, a tendency to estimate values as closer to values
al ready exam ned. Gether and Plott's preference reversal can
then be rationalized as a tendency for certainty equivalents to
be anchored to the w nning payoff in a ganble.

Thus it would appear that the phenonena nost |ikely to pose
problens in interpreting surveys of risk preferences can be
understood w thout abandoning the independence assunption. Qur

job is then to provide an economic basis which can rationalize
the use of such structures.

4.4.6. _Conmponents of .an Econonic Model

The basic conponent of the nodel is a set of prior prefer-
ences', which describe the individual's beliefs about his own
tastes in the event that he nakes no expenditures to exam ne
t hose tastes.

The individual can also expend an anount of psychic costs to

improve the sanple of his tastes. The expenditure gives him a
draw as to his own tastes, which in conjunction with his priors
can be used to derive new tastes. Each new draw can be added to
t he set.

Ve then need nenory to store the draws. The sinplest story

is that nenory is infinite, so that each draw is stored and we
can at any point find the set of consistent preferences re-
presenting an individual's beliefs at that point. The nore
difficult, but possibly nore interesting nodel, has finite nmem
ory, so that after some point nore draws can only be added by
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dropping the information in earlier draws.

The next step is to allow degrees of investnment in reducing

the uncertainty over the prior preferences. Greater investnent
entails a greater psychic cost, but allows a sharper prediction
as to preferences. Gven previously learned information we can

imagine the individual as <choosing to think nore or |Iless
carefully in attenpting to answer the |atest question. This is a
useful distinction for understanding the problens of "anchoring,"
since individuals' initial response wll nake it worthwhile not
to spend as nmuch energy in attenpting to answer subsequent
questions, relying instead on the initial answers to provide
cl ues. It also has testible inplications in the case where
menory is limted, since the anchoring should dimnish as the
length of tine between related questions on the survey increases.

So far we have not discussed the role of the closeness of
one outcone to another. To do so requires the addition of a
nmetric to the problem which netric describes the "simlarity"
bet ween outcones, and therefore the degree to which the guess on
one outcome affects the |Ilikelihood of responses on other
out comes. Once this netric is established it becomes useful to
describe the situation where different questions elicit different
sorts of investnments in introspection, sone being nore useful to
anwering one, and sone to answering another question.

Finally, we wll drop the assunption of unbiased estimating
by the decision maker, and consider the effects of limted forns
of bias on the outcones. This Jlast nmodification wll be

necessary to understand preference reversals due to "framng."

4.4.7. Formal NMbdel Statenent

Suppose that there are | alternatives being considered, each
with an unknown utility U;y. Let U be the vector of these
utilities, and let F(U be the joint probability distribution
over U To begin with we wll take the U; to be i.i.d.
Throughout the the paper our exanples wll assune that the Uy's
vary normally and independently, with prior means m; and
precisions hy (i.e. [I/variance).

The individual can, by spending a psychic cost of k, receive
extra information about his true preferences. V& assune that the
extra information galned by this "introspection" is a draw of two
random variables which are estimates of U; and Uj which we call
vy and Vj respectively. W assune

Vi - Ui + ei,
where ey is neasurenent error which in our exanples we wll
assunme is distributed as a normal with nean 0 and precision

i
and independent of all other errors e and of all U;'s (and
simlarly for the distribution Vi)
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Gven any string of information (V Vsy,...}) = S we can

derive posterior distributions of the' utilities of the
alternatives F(U|S). 1In the case of normal distributions, a
sinple application of Bayes's rule shows that, given a draw of
Vi, the posterior distribution of u; is normal wth nean

mi_*(vi) = (mjh; + Vigi)/(hi + 84)
and precision
hy + 85

If no draw is made, the individual's expected wutility if
given a choice between U; and U, is

max (m, m2)
If the draw is made, utility is

max ( (m;*(Vy), my¥(Vy)) - k).

The first nodel we wll consider is to solve the follow ng
Bayesi an decision problem The individual is presented with a
series of alternatives, where each alternative is a pair of

outcones, one of which he will receive. He is asked to make his
choi ce. For sinplicity we wll assune that at each instant he
treats the question being asked him as the l|last problem he wll
face. (In fact, the problem is nore complicated since an

individual mght be expected to anticipate that a series of
guestions will occur and nodify his introspection accordingly.
W wll ignore this refinenent. If the reader w shes, he can
assune that the survey is structured so that at each stage there
is an extrenely low probability of any one participant's
receiving an additional questi on. This makes it possible to
ignore the likelihood of extra questions at every stage.)

The decision problem for the individual, nanely how many
draws to invest in, can be fornulated either sequentially or non-
sequential ly. These fornmulations mrror the strategies analyzed
in the research Iliterature. The non-sequenti al formul ati on
(Stigler, 1961) has the individual precommit to a fixed nunber of
i ntrospections. The sequential formulation (Kohn and Shavell,

1974) allows the individual at every step to consider further
expenditure on introspection based on the results he has |earned
so far. Al though the specific optinmal strategies differ between
these two formulations, the general outlines are simlar. Si nce
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our problem is a specific version of the search problem we wll
consider ourselves free to switch back and forth between the two
formulations in the exanples that follow, depending on which
yields the nore tractable analysis in any specific application.

In this structure. it will not generally be optimal for the
individual to elimnate all wuncertainty about his own tastes --
indeed it will not generally be possible. It can be shown that:

Theorgm 4-1: Less information is acquired

|> The greater the difference between prior estimates
of the my's.

2) The lower the variance of the prior estimte of
ei ther Uy.

3) The greater the variance of the noise in any
estimate.

4) The greater the cost of information acquisition.

On the other hand, the posterior announced preferences are
nore accurate

1) The greater the difference between prior estimtes of
of the my’'s.

2) The lower the variance of the prior estimate of either Uj.

3) The lower the variance of the noise of any estinate.
4) The lower the cost of the acquisition of information.

In actual experinents, it is often the case that instead of
receiving the payoff with certainty, the subject only receives it
with sonme probability less than one. For this nodification we
have:

Thearem 4-2: Wien the probability of actually receiving the
payof f decreases, subjects

1) expend less effort in determning their own tastes, and

2) give less accurate ex post predictions of those tastes.

- These conclusions are imediate from the nodel, but they do
lead to sonme natural considerations for survey design: Difficult
questions will sinmply not be given nuch consideration. Questions
which vyield potentially great payoffs in that it is costly to
answer incorrectly wll be given nore consideration, but ex post
are still likely to lead to inaccurate answers. Questions which
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the individual considers easy to answer ex ante will not be given
much additional consideration by the individual.

Next we consider the effects of the answer to one question
on the answer to subsequent questions. Note that in this nodel,
repeating the sanme question several tinmes in succession yields no
new information, since the individual has already optimzed and

thus has no reason to nmake further introspections. However it
turns out that expending information on answers to one question
will, in general, yield information useful to answers to other
guesti ons.

Suppose we ask the individual about a conpletely new pair of
al ternatives. In the nodel in which all alternatives have
i ndependent distributions, previous introspection has thrown no
l[ight on his preferences with regard to these new alternatives.
Thus his behavior is the sane as if the questions had never been
asked. However, consider the case where the second question
gives us as an alternative one of the options already considered
in the first question. Now previously gathered information
beconmes useful and the subjects' responses will be affected.

There are two considerations. First, having answered one
question already neans that the answer to the second question
will start from a nore accurate assessnent of the beliefs than
woul d ot herwi se be obtained. This decreases the |I|ikelihood of
extra investnment but increases the expected accuracy of the ex
post announced choi ce.

The second consideration depends on the realizations
actually obtained in response to the first question. If the
realization causes expected values of the two alternatives in the
second question to nove further apart, then the likelihood is
that there wll be less investnent in examning the second
questi on. However, if the realizations bring the values of the
two alternatives closer together, then investnent in answering
the second question will tend to increase. On average, these two
possibilities balance and we have the first. consideration
dom nati ng. Therefore although the presence of preceding related
guestions on a survey may in any instance increase or decrease
the anmount of investnent wused in determning the answer to
subsequent questions, we can neverthel ess conclude that:

Theorem 4-3: Expenditure on introspection on average decreases

t hrough the survey, while accuracy increases.

"Anmong other things, this result predicts a decline over tine
in the attention paid by respondents to questions wthin a
survey-- a tendency often observed-- without needing to postulate a
fatigue factor.

More generally this interrelationship will be observed in
any nodel in which answers to one question help answer another
W will consider in nore detail below the case where priors for
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various alternatives are no |onger independent. But the
phenonenon can occur when priors are independent as long as there
is some dependency in the' sanpling. The exanmple of this
di scussed above is the sinplest one. Anot her case occurs when
introspection reveals information not about the 'two alternatives
i ndependently, but only about the difference between their values

Uj - Ui + e
(W will call this the case of "Sanpling of differences.”) In
this case, whenever we find that an individual indicates that i
is preferred to j, it neans that we can expect that i has a
hi gher value than initially anticipated, and therefore is nore
likely to be preferred to other alternatives as well, and
conversely for j. Thus even in the case of independent

valuations, a primtive form of anchoring energes.

4.4.8. Answering a Series af. Questions

Gven this structure,. there wll be nothing paradoxical
about 'a sequence of answers to questions leading to apparent
intransitivities; it will sinply be the case that between answers
addi ti onal information has been derived. It wll also be

perfectly possible for individuals to reverse their answers on
subsequent repetitions of a question, provided that other
guestions have intervened which have led the individual to seek
nore information. ,

Suppose we now consider asking a third question and that
there are only the three alternatives U,;, U,, Ujs under

consi derati on. If preferences are perfectly known, then the
entirety of the information can always be revealed with three
questions, and often wth two. If preferences can only be
determned with a cost, there my be a gain from asking an
apparently redundant question. In our nodel we have:

Theorem 4-4: Suppose the first question determnes that U; is
preferred to U, and the second question determnes that U, is

preferred to U3. Then

1) In response to the third question "Do you prefer U5 to
U,?" there is a finite possibility of the answer
exhibiting an apparent intransitivity.

2) In response to the third question "Do you prefer U, to
U,?" there is a finite probability of the answer exhrbi-
ting a reversal of preferences.

In any case, |ater answers are nore likely to reflect true
preferences than are early answers in the [ist.
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Theorem 4-5: Suppose furthernore, that we continue to cycle
through the questions in the same order indefinitely. Then the
probability is =zero that there is no nunber n such that for all

guestions beyond the nth no further investnment in introspection is

made. In order words, responses eventually settle down and
preference reversal ceases. Moreover, at the point where further
investnent has ceased, there wll be no intransitivities in the
response.

In short, this nodel wth infinite capacity for recall
allows preference reversal and intransitivity, but only as
transi ent phenonena. Once further investnent in introspection

ceases, preferences are stable and transitive. This result,
al though wuseful as an insight, is not as strong as it mght
appear, for it is not possible based solely on the responses to
determ ne whether investnent in introspection has ceased. In our

normal distribution nodel we have the following result as well:

Theorem 4-6: For any nunber n there is a finite probability
of obtaining unchanged results through n cycles with no intransiti-
vities, and a preference reversal in the n+lst cycle. The proof of
this theorem depends on the fact that normal distributions are
unbounded. W conjecture that if the nodel is nodified to deal
with bounded distributions, this last theorem will no longer hold

and nore positive results can be obtained.

So far none of our conclusions are altered if we use the
"conparison" formulation for introspection (recall that this is
the formulation in which draws give not two values V; and V., but
nerely the difference between then). The follow ng esul t
depends specifically on using the conparison formulation.

Theorem 4-7: Suppose that the initial question determnes that
U, is preferred to U, and the second question determnes that U
is preferred to U,. ‘hen if investnent yields only an estimate o
the difference between the valuations of alternatives, it cannot
be the case that a third question reverses the answer to the first
questi on.

Proof.: There is no incentive for further investnment in response
to the third question, since the second question only reduces the
estimate of U,.

If introspection gives estimates of both U; and Uj, t he
conclusion of the theorem is weakened:

Theorem 4-8: Suppose the initial question determnes that U,

is preferred to U,. Then preference reversal in question 3 is
more likely if question 2 determnes that U, is preferred to U,
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than if it determ nes the reverse.

In the case where two questions have already been asked, we
are now in a position to conpare the relative wusefulness of
various possible third questions. Here are the two relevant
cases to consider:

Case | Suppose the first question reveals U is preferred to U
and the second question reveals that U, is preferred to Uz. Then
the nost wuseful third question is to conpare U wth U, again,
rather than to compare U; with Us. In.both cases it is optinal
for the investigator to base his predictions of true underlying
preferences on the last two of the three responses; however,
these optimal predictions are nore accurate when question 1 is
repeated than when the new conparison is nade.

Case |L: Suppose the.first question reveals U, is preferred to
U and the second question reveals Us is prefefred to U,. Then
the nost useful third question is obviously to conmpare U; with
Ua,.
3

The resultant principles can be summarized quite neatly:

Redundancy in questions can be useful. If redundant questions
are used, it is nore useful to doublecheck the earliest questions
and the ones which full ranking indicates represent the closest
cal | s. Wien redundant questions are used, rely on later rather

than earlier answers.

4.4.9. Comparisan Versus. Scaling Questions

For the purpose of this section, we wll assune that
introspection vyields an estimate of the value of only one
alternative. W now wish to consider the difference between the
effects of the followng two questions: conparison questions
("Which alternative do you prefer?") and scaling questions ("How
much do you value alternative X?") Both are comonly wused in
risk analysis and risk surveys and sonme of the difficulties wth
the results stem from the non-conparabilities of the two sorts of
guesti ons.

W need to establish sone payoff associated with the answer
to the latter question. In actual surveys this 1is typically
acconplished by announcing to the individual that he wll
participate in what 1is equivalent to a second-price auction
(Vickrey) with his announced valuation as his bid. Since truth-
telling is a doninant strategy in such circunstances, in the case
where introspection is costless, this gives the individual an
incentive to answer correctly.

Gving the individual whichever alternative he _says he

prefers is also an incentive to answer accurately. The issue
then is which format leads to greater introspection and therefore
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greater accuracy in answering. In fact, conparison questions are
special cases of scaling questions, since the second price
auction framework in effect chooses the wvalue of the alternative
randomy and then presents the individual the realization, if the
individual's bid indicated he would prefer it, and the initial
alternative otherw se. A conmparison question is thus a special
auction in which the bid which will win is knowmn with certainty
bef or ehand.

Therefore the relative nerits of the two forns of question

can be determned by resolving the follow ng: Whi ch  random
distribution of alternative valuations induces the individual to
invest nost in determning his valuation of a specific

alternative? The answer is the follow ng:

Theorem 4-9: Investnent in introspection in evaluating a
propose offer is greatest when the value of the alternative to
receive-if the offer is refuse has a distribution wth nass

concentrated at the expected prior utility of the proposed offer.

Proof. (Qutline) By the results of the initial section, we
know that anong offers with identical variance, the one giving the
closet nean wutility to the proposed offer elicits the greatest
i nvest nent . Thus concentrating all nmass at the nean is of greater
value than dissipating it across alternative possibilities.

If we know the individual's prior nmean, then the best way to
elicit accurate preferences is to have the individual choose
between the alternative and the certain offer of the prior nean

utility. In any application, of course, we wll not know the
decison naker's priors. Thus making a fixed alternative offer
will vyield variable anmpbunts of investnent across individuals

depending on how close it matched each individual's prior nean.
One approach then is to ask casually what the nean valuation of
the individual is ("how nuch is this offer worth to you?") and
then to give .the offer or the estimated value to the individual,

whi chever he prefers. The paradox of the difference between
estimates made in sone of the preference reversal literature is
partially resolved then by the fact that greater investnent is
made when the actual offers are in prospect. This franmework

does, however, yield refutable propositions, since the initially
stated preferences should be reversed about half of the tine. If
reversal occurs nore than half the time, we nust assune biases in
the individual's initial estimates. Analysis of this situation
must wait until the final section.

In any event, this analysis also gives a useful rule of

thunb for scaling the distribution of offers in the alternative
used in a scaling question: They should mirror the

investigator's estimate of prior neans in a population sanple.
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4.4.10. Mre GCeneral Distributions of Priors

Thus far we have assuned a great degree of honogeneity: Al |
alternatives and all estimations have been assuned to have
i ndependent di stributions. In fact, nmuch of the richness of a

real decision problem cones from the non-independence of these
di stributi ons.

The structure we have developed allows for outcones to be
"simlar" in several senses. First, two outconmes nmay have the
same expected utility. Second, two outcones may be considered
simlar if it is relatively easy to tell which one is preferred
to the other. Finally, outcones may be simlar because there is
a correlation between information about one of them and
information about the other -- so that one beconmes a wuseful
predictor of the other. Each of these notions is inportant in
describing the effects of Ilearning about preferences and the
rel ati onship between |earning about one alternative and | earning

about the next. In this section we begin to establish a
framework which will enable us to explore this relationshinp.
To consider the effects of non-independence, we wll assune

that all alternatives have a factor representation, so that the
utility associated with any alternative is

U; = Summation of byXy,

where the b's are weights and the X s are 1i.i.d. underlying

factors. If we make this assunption, then we wll describe one
alternative Uy as a good predictor of another U, if the tw are
closely correlated. In this framework correlatio% is sinply
Summation over i and j of bibj(Summation over i of bi_2

summati on over | of bjz)l/z.
In this framework, the answers to a question about an
alternative are affected simlarly by having asked previous
guestions about it or by having asked previous questions about a

good predictor of it. In either case, the variance of estimte
of the alternative is reduced, answers becone nore accurate, and
the Ilikelihood of further investnent in introspection declines.

In particular, any conclusion from preceding sections about cthe
behavior of nultiple questions applies approximately when all the
alternatives in one of the questions in the sequence is replaced
by a good predictor of those questions with nean utilities scaled
up or down proportionately.

A second form of interdependence is attributable to
interrelations in the error structure in the sanpling. Suppose
again that all the U ’'s are independent, but that the e's in the
various draws have a factor representation:
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e; = Sunmat i on agxy.

The closer th'e correlation for any two alternatives i, |,
the nore can be learned from a given attenpt to conpare them |If
we identify the =x4's with various neasurement errors associated

with the forms in which alternatives are presented, it is
apparent that we desire a presentation which is as consistent as
possi ble across alternatives. Mor eover, if questions are

designed to give the individual aid in learning about the forns
of neasurenent error, then we can hope that associated errors nmay
di sappear in subsequent questions, as values of particular x;'s
are | earned.

So far we have assuned that the individual is passive in his
choice of alternatives upon which to nmake introspections, only
choosing the nunmber of examnations to nmake of any given
alternative. As |long as honobgeneity assunptions are nmaintained,
there was little cost associated with this additional
sinplification; in answering a question about preferences between
U; and Ugy it was always nore useful to introspect on those two
aiternat ve than upon any other set. Once honogeneity is dropped
however this need no longer be the case, as the follow ng exanple
denonst r at es:

Example: Suppose there are three alternatives Uy, U,, and Uy and
that Uy is a good predictor of U, while U5 is independent of
ei ther. Suppose furthernore that the error structures for U, and
Uy are highly correlated, while.the error structure for U; is
uncorrelated with the other two. Then if the correlation between
U; and U2 is sufficiently high, it is optimal for the individual
to decide between U; and U3 by introspecting on U, and Uj.

In other words, the structure is now sufficiently rich to
rationalize the use of proxies and heuristics. If a decision is
to be nade where the neasurenment problens are sufficiently
difficult, then the decison maker finds it advantageous in his
work to substitute for the initial decision a set of alternatives
which are good predictors but for which the neasurenent problens
are less acute -- for instance, to sinplify a conplex lottery by
substituting certainty equivalents for certain branches.

Note that although this structure can explain the use of
heuristics, it cannot explain any biases observed in the
heuristics used. For exanpl e suppose w.e structured a problem so
as to make one set of heuristics nbst natural in one instance and
a second set in a second instance. The nodel as it stands would
not predict that every individual's answer be identical in the
two instances, but 1t wuld predict that on average stated
preferences would be the sane in either realization.
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4.4.11. The Effect of limted Menory

It is inportant to realize that the franmework as it has been

described so far still has a significant Ilimtation. An
important sinplifying assunption we have used is that of "perfect
recall.” No experiment, once made, is ever forgotten.
Information becones nore and nore precise as nore and nore
guestions are asked. This sinplifying assunption leads to
testable inplications. As noted before, preference reversals and
intransitivities occur in the nodel, but as transient phenonena.

As nore and nore questions are asked, the nunber of reversals
becones rarer and rarer, and the effects of anchoring to the
previ ous questions dies out.

If these predicitions are not upheld by the data, a natural
way to ‘keep preference reversals occurring is to allow for

i nperfect nenory. W sinply need to assune a limted nenory
capacity, so that records can only be kept for a fixed nunmber of
experiments. If the nunber of examnations nade exceeds this

fixed limt then each new exam nation replaces an earlier result.
Beyond that point, we sinply condition priors only by the last N
observations (where N is the capacity of nenory) rather than by
the entire history.

Note in particular that this nodel is an extension of the

basic random wutility nodel. In our new framework we would
interpret the random utility nodel as a special case in which
menory can only contain one experinent at a tine. A limtation

of the sinple random utility nodel is that responses cannot be
autocorrel ated, as they can when nenory is allowed. On the other
hand, in a finite nenory nodel there is no tendency for
preference reversals to die away or expenditure on introspection
to cease. The following results are inmedi ate:

Thearem 4-10: The snaller N, the nore common are preference
reversals, and the nore likely are observed intransitivites.

Theorem 4-11: For a given question let R(n) be the fraction of the
times that the answer is reversed between instances of posing the
question, when the number of intervening questions is n. Assume
that for some n, say n’ there is no nenory--i.e., none of chg
introspection that entered into answering any question is left n
questions later. Then any period n less than n °, R(n)/R(n")

nmeasures the extent to which nmenory endures n periods.

Again, these results, although wuseful conceptually, are of
less use in enpirical inplenentations if the acutal capacity of
menory is |arge. For if it is, the interview session would have
to continue sufficiently long to gather a large anount of data
relative to the nenory capacity. Some investigators have
attenpted to overcone this limtation by posing sonme questions in
several sessions wth Jlarge anounts of tine intervening. The
theorens may serve as a basis of determning the success of this
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t echni que.

4.4.12. BL ases

In the previous sections we considered several cases where
i nconsi stencies resulted; however the Bayesian structure left as
an inplication that the inconsistencies could not systematically
be weighted in one direction or another. In this final section
we develop nodels 'which wll allow for systematic biases in
i ndi vi dual s* estinmates.

It is extremely difficult to develop a Bayesian account in

which individuals are subject to bias. For exanple, consider a
problem in which an individual is paid a reward for correctly
estimating the length of a Iine. Suppose he has a neasuring
stick which 1is biased, and suppose he has had previous
experiences with the biases of this neasuring stick. Then his
estimates will be nade so as to undo any such biases. The only
wayt hatthere will be abiased estimate is if the individual has

not yet Ilearned the biases of his instrunents; once |earned,
rationality requires that they be conpensated for.

In the case of estimating the utility of prospects, it is
easy to believe that individuals have not yet l|learned all of the

biases in their neasurenents. It is also easy to believe that
unless they experience the ganbles they are estimating their
preferences over, they wll not |earn these biases during a

guestioning session, except inasnmuch as these biases |ead them
into a logical contradiction.

On the other hand, we wll wsh to be extrenely careful in
i ncorporating biases into the nodel. The difficulty wth
assumng them is that they are too powerful. By assum ng
sufficiently complicated forms of bias it is possible to
rationalize any sequence of preference announcenents. Therefore
in this section we will content ourselves wth nodeling the
bi ases as occurring only in the priors and not anywhere else in
the description. At one point we will denonstrate that for a
certain class of exanples this is informationally equivalent to
assum ng that the biases occur el sewhere.

The introduction of biases inposes a conceptual problem In
what sense can we obtain evidence of biases? W propose the

following interpretation: Bi ases can be evident from a
systematic set of information which influences tastes. For
instance, if the data show a systematic tendency for alternative

2 to be valued nore highly than alternative 1 at the begi nnning
of an interview than at the end, then this is evidence of sone
bias; individuals in initial periods mght be expected to take
advantage of this statistical regularity as a source of
exploitable information about true preferences.

These biases can be incorporated by assumng bias In the
individual's priors. Let us suppose that individual preferences
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are drawmn from a population with some given distribution. |If
individuals' priors are wunbiased, then their priors as to their
own tastes equal this population distribution. More generally,
in cases where not all individuals are identical a priori, prior
beliefs are defined as unbiased if for any particular prior, the
sanple distribution of, true beliefs of individuals holding that
prior is identical with the prior.

We consider only the case of infinite nenory. In this case
"true" preferences are sinply the asynptotic distribution after
infinite nunbers of sanplings. Moreover, in this case, since the
influence of priors dies out with tinme, biases disapppear. The

exi stence of such biases can easily be tested, by conparing
distributions of preferences inplicit in initial questions on a
survey with those inplicit in final questions on a survey. The
result of such an investigation will be of wuse in adjusting the
results of short surveys to correct for prior biases.

A second way of fornulating the account is to assune the
biases are not in the priors but in the process of introspection.

For instance, imagine that in introspections about one outcone
U,, the nmean of neasurment error ey is not zero, while in the
corresponding outcome U, the nean is zero. However suppose that
both ey and e, are treated by the decision naker as being zero-
mean vari abl es. Then the greater the anount of introspection
that has occurred the nore likely alternative 1 is to be

preferred to alternative 2. O course identical results would be
obtained if priors were biased against alternative 1 and
i ntrospection were unbai sed. Thus we will continue to use the
"formulation in which we ascribe all bias to the priors.

Simlar, but nore subtle forns of bias can be denonstrated
t hrough over-dependence on initial introspections, over-valuation
of current information, and so forth. In all cases, the test of
bias boils dowm to a claim that statistically, the answer to a
guestion conditioned on any information set or a set of previous
questions should equal the answer to the question conditioned on

any additional information. If not, then, the earlier estinmates
were not making use of the available information. To have
anchoring in this sense will require bias.

For our purposes, the nost interesting exanple of bias is
the case where the conditioning event is the form in which an

alternative is presented. If there is no bias in the preference
priors then statistically about as nmany people should prefer an
alternative independent of the form of its presentation. I'n what
follows we wll generate an account wthin which biased priors

can account for the inconsistencies and therefore can generate
preference reversals of the form described in Gether and Plott.

4.4.13. Example of Biased Priors Generating Preference Reversals

Suppose U; is a conplicated ® |cornative which has a factor
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Sstructure

x1+x2+x3.

Suppose U2 has the structure X;+X,; and, suppose Uy has the
structure X;+X3; also, suppose we wsh to conmpare U; with U,
which has the structure X,. Al X s are i.i.d. nornal.

Suppose that the neasurement error structure for the U's is
vy - Ul + eq
Vo = Uy
V3 = w3
Ve = U, + &4

Suppose that el is large conpared to X, or X5 so that it
makes sense to conpare U, with one of the predictors U, or U,
rather than directly with Ujy.

Suppose that U, and Uy are ex ante identical so that it does
not matter which the conparison is nmade with and finally suppose
that the costs k are sufficiently great that a single draw is
opti mal .

Under these circunstances, wthout bias we would predict
that statistical results would pick U; or U, wth frequencies
i ndependent of whether VvV, or V3 were used as the predictor. On
the other hand suppose the true distribution for U2 is

Xq1+Xy+h
where h is positive. Then although the indivdiual treats the
predicting alternatives as equivalent to alternative Uy,
alternative 2 is likelytobe preferred to 1. The result is that

U, is announced as preferred to U, nore often if the conparison
is carried out by means of U, than if it is carried out by neans

If the biases in individuals' estimations enter through the
priors as we have described them here, then we have a testable

i mpl i cation. Questions asking the individual to conpare U; wth
U, or U3 Wil cause the individual to invest in introspection
a%ong t hose di mensions, reducing the influence of the priors and
making it nore likely that h is included in the neasurenent

Thus we have:

Thearem 4-12: If biases occur in the priors then they wll be
reduced by questions which focus on the conparisons in which the
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bi ases occur.

In this exanple, if two presentations of the data apparently
lead to different preferences, then the biases mght be reduced
by asking directly for comparisons either of the two
presentations, or of each with the predictor which we expect has
been derived fromit.

4.4.14. Summary and Impliciations for _Contingent @Alalmation

The nodel of wuncertain preferencess in section 4.4 provides
a framework to guide the application of contingent market methods
to estimate the value of health risk reduction. Following a
critique of expected wutility theory and a discussion of the
theory of individual values and behavior towards risk, a series
of theorens have been developed that resolve difficulties wth
survey responses in terms of the behavior of a rational
respondent nmaking a costly examnation of his own preferences
when faced with questions that call them into play perhaps for
the first tinme.

The key to the problem of obtaining consistent, valid nea-
sures of risk values, according to the theory that has been
developed in section 4.4, is dealing with the fact that people
are often highly uncertain about what their risk preferences and
values actually are. This is to be expected because people
infrequently have occasion to think carefully about risky events.
They seldom have occasion to examne their own reactions to the
influences to opinion-nolding surface events. Car ef ul
systematic reflection is required, just as is required before
deciding on an operation, a risky investnment, or other difficult
decisions that arise fromtine to time in everyone's life. Wi | e
bias may enter into the valuation process, the econom c approach
of section 4.4 postulates that people learn to correct for the
influence of their own biases when they becone aware of them A
nodel has been developed and a series of theorens derived that
have inplications applicable to the task of eliciting consistent,
valid risk reduction val ues.

The propositions of this section comng from a nodel of
rati onal behavior replace assertions from the psychology litera-
ture that apparent preference reversals and sensitivity to
fram ng show that people are irrational. In the present section,
t hese phenonena are viewed as being due to the costliness of
i nformati on.

Theorem 4-1 concerns reducing an individual's uncertainty
about his own preferences. The question posed is how an
i ndividual can neke the best choice when faced with a pair of
alternatives. The theorem says that less new information is
required the greater the difference in the value received from
each available choice. It also says that the nore certain the

i ndividual is about the values of the alternatives, the |ess new
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information is required to nmake the right choice. Finally, 1less
new information wll be acquired the greater the cost of
acqui sition.

The remnder of theorem 4-1 contain several propositions
about the accuracy of preferences that are stated after an
i ndi vidual has acquired additional information. The theorem

hol ds that announced preferences are nore accurate the greater
the difference in value received from each available choice.
Preferences are stated more accurately the nmore certain
individuals are about the value of the alternatives they face.
Finally, announced preferences are nore accurate the |lower the
cost of acquiring new information.

An application of theorem 4-1 is found in the use of the
floating starting point in sequence of iterative bids. Consi der
the 7-symptom Health Questionnaire: One day, reproduced in
Appendix A1 of section 3. The sequence proceeds from an

arbitrary startingbid of $100 to get rid of the |east bothersone
synmpt om The starting point for the next bid, concerning the
nost bot hersome synptom is set at twice the first bid, based on
the guess that such a value mght be a fairly close approximtion
to the respondent's val ue. The theorem says that the respondent
will think nore carefully about his preferences at the outset the
closer the guess is to his value for the contingent market
product .

Theorem 4-2 concerns outcones of risky situations in which
the values associated wth alternatives nmay not actually be
received, but are received only with a probability |ess than one.
The theorem states that people expend less effort in getting to
know their own preferences the smaller the probability of
actually receiving the stated values of alternative choices
available to them It also states that actual expressions of
their preferences are less accurate the nore uncertain it is that
they will receive the payoff.

The fact that no actual transactions occur in the contingent
mar ket surveys is a disincentive to careful thought on the part
of respondents. This has been recognized by researchers for a
long tine. The disincentive 1is partially overcane in public
policy applications by appealing to respondents’ willingness toO
cooperate in acconplishing an inportant endeavor.

Theorem 4-3 pertains to the way people allocate their
efforts to know what their risk preferences are. If people
reflect on a series of alternatives, they wll devote |ess and
less effort and attention to later alternatives to the extent
that they are related to alternatives previously considered. A
simlar result occurs when there {s dependence in the sanpling
and people discover the values they place on differences.

One of the nost difficult decisions in the construction of

the health surveys is to decide on the nunber of contingent
val uati on questions to ask. Expertsnce reveals that there is a
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tradeoff between the quality of responses and the volunme of
i nformati on sought. Theorem 4-3 explains this experience. When
long'" question sets are asked about similar contingent products,
people tend not to think independently about each of them It
tends to be their reliance on previous introspections rather than
often-postutated fatigue that produces this result, according to
the theorem

The theorem inplies that a series of related questions can
| ead people to think about the differences between contingent
goods rather than considering them as independent alternatives.
This behavior can be exploited by encouraging people to think
about differences as they express their values for prograns. For
exanple in the '/-synmptom health questionnaire of section 3,
people were asked to carefully consider each synmptom in turn and

rank them from | east to nost bothersone. Bids were then obtained
for the two extrenme synptons; iteration was used to encourage as
much thought as possible. Bids for the five internediate synp-

tons were then witten down directly on the assunption that the
conpari son exercise had nade their values apparent.

Theorem 4-4 addresses the problens of preference reversal
and intransitivity that are frequently observed in expressed

val uations of risky outcones. If preferences are uncertain and
information is costly to obtain, inconsistencies or outright
reversals may occur as individuals reflect wupon their
preferences. True preferences are nore likely to be stated

during later stages of reflection. A related theorem states that
if reflection on the sane list of risky alternatives continues, a
point is reached where further reflection wll not be attenpted
and expressed inconsistencies are elimnnated. This result
depends on several assunmptions, anpbng which is that the
i ndi vidual does not forget any of the earlier steps in the
reasoni ng process. If the reflection process produces only
estimates of the '"differences in outconmes, then further probing of
preferences can not produce preferences reversals, sinply because
there is no incentive for such further probing of these outcones.

An effort was nmade in constructing the health questionnaires
to utilize apparent preference reversals as part of the process
of respondent introspection about preferences. For exanple, in
t hi nki ng about how much they would be willing to pay to relieve
synptons respondents sonetinmes change their mnds about thefr

beliefs when they were working out their rankings. Accordi ngly
they were encouraged to change their responses, several tines if
necessary, until they arrived at a set of rankings and values

that satisfied them

The following theorens suggest additional approaches to
stimul ating introspection about preferences where preference
reversals and intransitivities are present In survey responses
These hold considerable promse for further work.

The practical content of theorens 4-5 through 4-8 is thac
repeated questions concerning preferences are often wuseful. |If
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repeated questions are used in the reflection process, it is nobst
useful to doublecheck 'the earliest questions and the ones in
which the earlier rankings suggest the closest calls.

Refl ection about preferences frequently takes one of two
forms: conparison- -which alternative do | prefer?; and scaling--
how much do | value alternative X? The question that induces the
greater amount of investnent in additional information is the
superior question to use in any given circunstances, Theorem 4-9
states a condition on the nost effective way to stinulate effort
to get new information. Suppose one constructs an offer of
alternatives: one whose value is sought and another whose val ue
is fixed at sonme given stated val ue. The best given stated val ue
is that <closest to the prior value of the alternative of

interest, i.e. the value before new information has been
acqui red.

Theorem 4-9 has a very inportant |esson for the construction
of contingent nmarket goods. It received careful application in
the 7- synptom questionnaires of section 3. - This was accom

plished by framng wllingness to pay questions in terns of the
respondents’ endownents, wth which they were famliar and pre-

sumably had <clear ideas about in wutility terns. Addi ti onal
amounts of synptons were then added to those they already ex-
peri enced. Thus respondents were presented with tw alter-

natives: Alternative X- -their current situation; and alternative
Y- -the situation with added synptons. They were then in affect
asked a scaling question- -how much do you prefer situation X
Theorem 9 says that by relating the policy alternative (Y-X) to
the respondent's own endownrent rather than sone less famliar
reference point X', the respondent invests nore effort in think-
ing about his own real preferences.

Further work needs to be done along these lines on the life

path scenarios on heavy synptons reported in section 4.5. For
exanple, certainty scenarios begin with a person of age 50 and
present |ife path alternatives with l|ater ages. Application of

t heorem 4-9 suggests that people who are younger or older than 50
do not have strong prior beliefs about their health values at age
50, and wll not invest nuch effort 1in mking accurate WP
statenents about the alternatives. Investnent in introspection
would be increased if these scenarios were tailored to each
respondent’'s actual situation.

The foregoing theorenms assune that there are no nenory
l[imtations that reduce the effects of information gathering

about preferences. Rel axing this assunption yields a theorem
that says that the nore limted 1is nenory capacity the nore
nunerous will be instances of preference reversals and intransi-
tivities.

Theorens 4-10 and 4-11, of limted enpirical useful ness when

menory capacity is large, provide a nethod of neasuring the
extent to which nenory endures during a period of reflecting
about preferences.



A problem of inportance in discovering the values of uncer-
tain preferences is the presence of bias. The problemis for the
individual to learn the size and direction of his biases and
correct them in discovering his underlying preferences. Ques-
tions arise during reflection in which biases occur. Theorem 4-
12 states that biases will be reduced by questions that focus on
conparisons of alternatives in which the biases occur.

In conclusion, the franmework we have built, although rudi-
mentary, allows us to address several of the nost vexing problens
which arise in researchers' attenpts to nake use of data from
ri sk surveys. It has been constructed as a series of nested
generalizations starting from expected wutility theory and
gradual ly dropping or nodifying assunptions that have been re-
futed in one or another exam nation of responses to survey ques-
tions.

Al though the outlines of the nodel at every level are clear,
there remains nmuch to be done. In particular when the
honogeneity assunptions are dropped there remain a great variety
of unexplored possibilities. It will be nost useful to tailor
specifications of assunmed structural relationships between the
priors on: various alternatives or the nmeasurenment errors of
various acts of introspection to the specific description of the
alternatives in any particular experinent. Once this is done we
can begin to make wuseful inferences from watching individuals'
behavior in the face of specific conplicated offers, and learn
which sorts of sinplifications individuals actually nmake in
estimating preferences.

Simlarly, there is nmuch work to be done in specifying
particular biases to which we would wish to attach the priors.

Here previous psychology studies wll be nost wuseful for
providing insight as to the nobst reasonable specifications.
Tendencies to overestimate small probabilities and to
underestimate large quantities can be anong those considerations
we capture in the biased priors. In short, although the

structure is now available, mnmuch work renains to be done in terns
of specific applications.
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4.5. DESI GN OF CONTI NGENT VALUATI ON APPRCACHES TO SERI QUS | LLNESS

4.5.1. Special_ ProbLeos of Contingent Maluation Encountered Wth

Serious -lllness
The valuation of serious illness entails a nunber of
analytic problems that are fundanentally different from the
valuation of mnor illness and |ight synptons experienced
occasionally by everyone in relatively unpatterned ways
t hroughout their [ives. Thus the analysis of section 4 requires
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completely different analytic techniques from those enployed in
section 3, even though it builds on the survey research know edge
obt ai ned there.

Two fundanental aspects of behavior, relatively uninportant

to the study of light synptons, are introduced in section 4. The
first of these is risk. Serious illness, dreaded by people at
sone stage of their lives, is a prospect they face with varying
degrees of probability. Because people have sone control over
the probability of serious illness, their behavior in the face of
serious health risks is an inportant neasure of the value they
attach to good health prospects. Hence it is inportant to

understand people's attitudes towards health risks.

The second fundanental aspects of health behavior is the
way prospects vary over a person's lifetinme. |In younger persons,
choice and consequence are often separated by nmany years. Over
time one's health prospects change, and behavior tends to be
modified accordingly. At the sane tine, |life expectancy becones
a matter of conscious concern. How one responds to these
interrelated matters depends in large neasure on the social and
econom c circunstances of one's l|life, and on how one has cared

for his health in the past. Thus the focus of section 4 research
turns to an integrated view of serious illness and death in the
context of a person's overall |ifecycle experience.

Accordi ngly+ section 4.2 explicitly introduces the concept
of health as a behavior-dependent condition of overall well
bei ng. Operationally, a narrower version is adopted--health is
measured in ternms of its absence, or in terns of the amount and
types of the person's ill health. This narrower operational
definition preserves the prespective of the broader, nore
satisfactory definition by being enbedded in a life cycle nodel
of quantity and quality of life, developed in section 4.3,

Section 4.4 addresses the difficult problem of eliciting
expressions of people's behavior towards risks to health.
Respondents w Il have thought about these matters to a greater or
| esser extent and adjusted their behavior accordingly. The
research challenge is to obtain quantitative equivalents to the
sonmeti nes nebulous attitudes that govern health behavior in the
face of risks. The current state of utility theory |eaves
unanswered the question how best to obtain these quantitative
equi valents in a form suitable for use in welfare analysis.
Section 4.4 provides the inquiry required to guide the
i nvestigation along sound theoretical |ines.

The enpirical framework that resulted from this conceptual
investigation is presented in section 4.5. This enpirical
framework takes the form of a four-nodule approach to the
valuation of health-risk reduction. The first nodule, health
experience, quantifies the respondent's health endowrent
according to the operational definition of health established in
the conceptual work of section 4.2. Health costs and defensive
nmeasures, the second nodule, quantifies certain Inportant noney
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outlays and nonmarket behavioral costs incurred on behalf of

heal t h. The nodule on risk perception and risk behavior prepares
respondents to think carefully about the kinds of probabilites
involved in behavioral decisions about serious illness and
| ongevity. This involves a prepartory session to inpart an

intuitive grasp of the elenentary principles of probability. It
also obtains information about respondents' behavioral responses
to a variety of risky situations. The fourth nodule presents the
contingent valuation questions used to obtain values related to

longevity and reduction of risk of serious illness. The goal of
these questions was to integrate prospects for serious illness
and death into an integrated life cycle approach. The questions
progress from sinmple |I|ife experience situations to nore
complicated life path situations involving various probabilities
of serious illness and death.

The four-nodule approach requires about three hours to
conplete, including breaks for relaxation. Desi gning a survey of
this conplexity and duration is a novel research enterprise.
Past econom c survey experience suggests it to be too taxing of
respondents' patience and stam na. In view of this experience
the necessity of taking steps to avoid fatigue was apparent.
Taking several breaks at intervals defined by the nobdules is the
sinmpliest of these. Use of this Health Ri sk Appraisal also
serves this purpose by providing an interactive conputer program
approach to obtaining information about the respondents' health
endowrent s. Respondents are aware that the program output gives
them information about their own health status, which is expected
to sustain their interest and energy while at the sane tine
providing information that wll wunable the contingent valuation
questions to be tailored to their own |ife situations.
Consi derabl e thought has also been given to devising entertaining
probability teaching devices that can acconplish their task wth
a mnimum of effort. The contingent valuation questions
t hensel ves are designed to capture the interest of respondents.
Path-of-1ife situations are presented wth the assistance of such
devices as a type of roulette wheel that respondents manipulate,
and with various card-game analagies wth which many are
famliar. Lastly, the incorporation of in-depth marketing-
research interview techniques will be enployed in order to make
the exercise as effective as possible.

Much work on norbidity has pertained to non I|ife-threatening
di seases, including section 3 of this report. At the other
extreme, there have been many studies of nortality, as reflected
in an extensive value of life literature. Serious illness has
been relatively neglected. Only the health expenditure approach
has given nuch attention to serious illness. As was brought out
in section 2 of this report, which concerned conparative analysis
of approaches to valuing health, the health expenditure approach
suffers from crucial conceptual problens, and at best it gives
| ower bound estinmates.

Serious illness involves valuation problens that combine
pure norbidity effects and value of life and nortality effects
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It mght be thought that serious illness <could involve only
norbidity and not nortality., However there are two inportant
reasons why the valuation of serious illness nust be concerned
with both norbidity and nortality. First, nost serious illness
is life threatening. Increased risk of death becomes a cost of
the illness along with nore usually recognized norbidity effects
such as nedical expenditures, |lost work and disconfort. Second,
serious illness affects the quality of life in an extreme way.
The valueof |life is affected by the quality of life as well as
its quantity. That is, the value of life depends on well being
during life as well as the nunber of years |ived. The
traditional wvalue of life literature my be interpreted as
pertaining to duration, or nunber of years of |l|ife, assumng
cause of death does not affect the quality of life.

In this regard the wusual value of life approach to death
from a disease I|ike cancer, comng at the end of a Ilingering
illness, understates the costs of cancer. Cancer reduces the
nunber of years of life -- which is taken account of by the
traditional value of life approach, and it also reduces the
quality of Ilife while Iliving -- which is ignored in the
traditional value of life approach.

Recogni zing that serious illness involves both the quality
and quantity of life leads to a reformulation where norbidity and
nortality are considered in a comon framework. One of the nost
inmportant results of wusing this franework is to view values of

serious illness in terns of tradeoffs between the quantity and
quality of Ilife. In this section we develop and apply this
f ramewor k.

In addition to raising questions about the relationships

between the quantity and quality of life, serious illness is nore
conplicated than non-serious illness because risk is an inportant
consi deration. Perception of risk is a .prerequisite toO
intelligent valuation of serious illness. Just as with death,
the value attached to serious illness with certainty is different
from the value attached to small changes in the probability of
the illness, which in the aggregate nount up to the sane nunber
of deat hs.

Peopl e's know edge of risks and their abilities to verbalize
their attitudes toward risks are notoriously difficult areas,
which nmust be dealt with if the contingent valuation approach is
to have hope of yielding reliable results. In addition to per-
ception and know edge about risks, issues arise concerning be-
havior in the face of risk. The degree of a person's risk aver-

sion will influence how greatly he values a reduction of the
probability of the problem of a serious illness.

The present section draws on the three previous sections in
devising a contingent valuation approach to serious illness.
Section 4.5.2 first states why in-depth interview techniques are
needed in the valuation of serious illness. Then the basic
structure of a four nodule interview approach is described. The
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four nodules pertain to 1) health experience, 2) health costs
including defensive neasures, 3) risk and 4) contingent value
guesti ons. Sections 4.5.3 through 4.5.6 describe the four nod-

ules in detail. Finally section 4.5.7 draws inplications from
prelimnary experinentation wth the nodules and nakes recom

nmendations 'for further work.

4.5. 2. Rationale and Overview of Four Mdul e Apptoach

Early focus group efforts indicated that respondents have
great difficulty in a short interview in formng quantitative
opinions on small risks and heavy health danages outside their

everyday experience. An in-depth four nodule approach was
therefore devel oped. The four nodule approach establishes the
basis for intensive interviewing for the study of life threaten-
ing illness..

4.5.2. 1. Heal th Experience

The first nodul e, health experience, establi shes the
respondents' health endowrent and health habits as part of the
explanation of wllingness to pay survey responses. It also

hel ps respondents focus their attention on the subject of the
survey and prepares them to give carefully thought-out answers.

4.5.2. 2. Health Costs And Defensive Measures

The second nodule deals with the costs of nmaintaining health
and treating illness. It considers defensive neasures taken to
pronote health and avoid illness as well as expenditures to treat
illness. Respondents are asked to recall the nunber of days of
work and recreation that were |ost because of illness, and also
the nunber of such days that were partially inpaired by illness.
Def ensi ve neasures include all behavior intended to avert risks
to health and life. They conprise actions identifiable by market
expenditures and also behavior that is costly to the individual
in a non-market sense. Non- mar ket preventive neasures include
both abstinence and health producing activities that in part, at
least, do not yield utility directly.

Measurenent of these activities is part of the enpirical
framework for studying behavior towards risk. They are an

inmportant part of the behavior by which people reveal the val ues
they place on inproved Iife-and heal th prospects.

4.5.2. 3. Ri sk Perception And Ri sk Behavior

The third nodule, risk perception and risk behavior, gives
the respondent an intuitive grasp of probability and discusses
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the inportance of the concept in everyday life. Fundanental s of
probability are discussed using everyday |anguage supplenmented by
physical devices such as urns from which drawings illustrating
randommess and chance are nade. Following this grounding in
probability, the respondent's attitudes towards risk and percep-
tions of the danger of various activities are explored. Respon-
dents are asked how they attenpt to keep risks downintheir life
at present. They are asked what they would do if exposed to
greater or less risks than at present.

4.5.2. 4. Contingent Valuation Questions

The fourth nodule pertains to the construction of the
contingent market. The contingent valuation (CV) exercise pro-
vides the basic valuation data that permts estimation of the
benefits of health risk reduction. The CV nodule has been

designed in segnents.

The first segnent concerns nortality, for which alternative
approaches to presentation have been devel oped. The first is the
excess deaths approach, which pertains to the increases in death
rates in various age groups because of sone particular cause of
death such as cancer. The second is the l|ife expectancy ap-
proach, which states the average age of death in the U S pop-
ulation, and establishes contingent market prograns that would
increase |ife expectancy. Bar charts that illustrate the proba-
bility of living beyond age 50 with and w thout the program are
i ntroduced. The third nmethod is life shortening. This is sim-
lar to life expectancy, except that it can be presented w thout
mention of probabilities. A bar chart illustrates the average
remai ni ng nunber of years at five-year age intervals beginning at
age 50. Program effects can be shown by changing the height of

t he bars. The last two nethods devised to present nortality are
a lottery wheel and a card gane. The lottery wheel has a
spinning arm with a pointer that cones to rest in a zone of the
board that corresponds to a given life experience. It is useful
in conveying the probabilities of occurrence of many life-health
situations. The card gane involves the chance occurence of
drawing a card indicating that a sickness such as a heart attack
will occur. The respondent is asked about willingness to pay to

reduce the nunber of sickness cards in the deck.

In the second segnent of the CV nodule, questions about

several kinds of illness of varying degrees of seriousness are
asked. Two types of contingent nmarkets are utilized. In the
first, a disease specific approach is used in which disease is
nmenti oned by nane. In the second, a health attribute approach is

used in which only the synptons are nentioned.

In the next section of the CV nodule several specific and

explicitly depicted conparative life paths are presented, wth
synptons and illnesses of varying severities and different life
expect anci es. Respondents are asked first to rank alternative
life paths according to their preferences. A hypothetical life
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path endowrent is postul ated, and willingness to pay and accept

questions are asked, based on respondent rankings. The questions
are constructed so as to reveal the strengths of preferences in
choices involving severity of synptons and length of life. These

tradeoffs are offered in terns of certainty prospects.

The following section explores how health valuations are
affected by the existence of risk. The respondent is offered one
life path with certainty and pairs of alternative life paths --
one better and one worse -- wth various probabilities.
Respondents are asked about their wllingness to pay for the
scenari os.

W llingness to pay questions are asked based on the life
path preferences. A base life path endowrent is established and
prograns that would inprove or prevent deterioration of the

environnment are offered. The program effects are linked to the
l'ife paths. Li nkages are not established between dollar bids and
probability statenents. It would be possible, however, to apply
this contingent valuation structure to obtain statenments of
willingness to pay for risk reduction in future work.

Based on the four nodule formulation and facus (¢group
experience, refinenent and developnent of alternative approaches
for each of the nodules was undertaken. The approaches are
illustrated in the next four subsections. They provide the basis
for possible future field work.

4.5.3. First Moduler Health Experience

The first nodul e, health experience, devel ops the
information and preference context of the questionnaire. It
serves two research purposes. The first is to focus the
respondent s’ attention and research their references on the
subject of the survey and prepare them to give carefully thought-
out answers. The second purpose is to establish the respon-

dents' health endowrent and health habits as part of the explana-
tion of wllingness to pay responses to survey questions. The
guestions encourage the respondents to link health status to the
behavior and activities of daily Iiving. Their perceptions about

psychological well being and degree of control over personal
health reinforce the connection between health and behavior,
which wll be inportant later in reflecting on the value of

health preservation or inprovenent.

Obtaining detailed know edge of respondents' experiences
with specific kinds of life threatening illness is an Inportant
part of the health appraisal framework, Detailed information
about specific health problems of interest in the survey
suppl ement the nore general health status information obtained

earlier. The enpirical framework integrates nortality into the
study of behavior towards risks to health and life. Sone recent
theoretical contributions have recognized that death has
i mportant endogenous elements in life cycle choices, but the
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present study goes farther than others in enpirically integrating
nortality into the investigation of the value of risk reduction
in a life cycle context. It acconplishes this by naking the
prospective life path of the respondent the basis for the contin-
gent market good. The following abridged set of health status
questions 'was developed to neet these ends.

Sel f-assessnent of heal.th status:

1. In your own opinion, which one of the follow ng best
descri bes your current health status:
1 Excellent 2 Good 3 Fair 4 Poor

Bel i ef cancerning control over heal.th:

2. Which one of the followi ng best describes the control
you have over your health?

1 There is little I can do because it is beyond ny
control .

2 | can do -some things, but they have little effect.

3 My actions have a noderate effect.

4 My actions have a great effect.

3. Are you unable to do certain kinds or anmounts of work,
housewor k, or schoolwork because of health?
Yes _________ No .-_.______.

If "yes™ then 4.

4. Have you been wunable to do this work for nore than
three nmonths? Yes _________ No __._._._...

5. Does health Iimt the kind of vigorous activities you
can do, such as running, |lifting heavy objects, or
participating in strenous sports?

Yes .. _____.

If "yes" then 6.

6. Has health limted the kinds of vigorous activities you
can do for more than three nonths?
Yes _._._._. a-- No ________.

Questions about sick days:

7. What conditions (such as specific illness and injuries)
caused you to'stayinbed?
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8. How many of the days that you lost from market work did
you stay in bed all or nost of the day?

-@e---@--- days

9. During the last vyear, how many days did you cut down
for as nmuch as a day?
_________ days

What condition caused you to cut down?

CGeneral questionsabouthealth perceptions:

10 Definitely Mostly Don't Mostly Definitely
true true know fal se fal se
Accor di ng
to the 5 4 3 2 1
heal t h
pr of essi onal s,
ny health is

now excell ent

| try to avoid

letting illness 5 4 3
interfere with
ny life

Focus group experience indicated that respondents are
willing to answer these questions. They served their intended

purpose well, but consumed too nuch tinme in a conventiona
interview context. For use in a half-day, in-depth interview,
however., their use is feasible and deserves further considera-
tion.

4.5.4, Second Mohdul e-. Health Costs and Defensive Masures

e e e e e e ———— e o A=A 3 N— A

Much of the material in this nodule is very simlar to the
nodul es on health costs and defensive neasures already presented

in section 3. The earlier material wll not be repeated here.
In addition to the earlier material, defensive neasures toward
serious illnesses that have |ow probability risk are explored.

An illustration will be presented here of questions about
willingness to undertake changes in lifestyle to reduce risk of
serious illness. The illustration centers on diet.
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Referring again to cancer probabilities, imagine you were
told by your physicianthatthe cancer l|ife path is what you
had to look forward to--because of some condition he had
just discovered. He offers you a program however, which
will give you a 50% chance of avoiding the cancer scenario
and getting the health scenario instead. Hs terns are
this:. stop snoking, stop drinking, and inmediately adopt a
Special diet (not shown Here). Wuld accept the doctor's
progr anf

Yes No
If yes: Are you confident that you would be able to
adhere to these terns for the restofyour life?

Very confident _______________.
Somewhat confident _._______________
Doubtful ______________.

Virtually no chance

I f no: Suppose the doctor told you that you could be
certain of inproving your prospects to thehealth

scenari o. Wul d you accept the doctor's progranf

[f no: What is the nost difficult part of the doctor's
program for you?

Rank them 1, 2, 3.

Diet ________
Drinking ---_._-_._-_._
Smoking --.-.._._.

If Det: Wul d you accept the doctor's program if it
only required the Special Diet?

Yes _._______. No

[ f no: Wul d you accept the doctor's program if there
were no dietary restrictions at all?

If yes: Repeat above.

If no: [Elimnate second nost difficult part of
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doctor's program and repeat.]

Building on this illustration, iteration on defensive nea-
sures could be used as part of the contingent valuation nodules
considered below in section 4.5.1.3. Hypothetical future Ilife
experiences would be ranked from worst to nost desirable. The
respondent wold then be endowed with the worst path and asked to
bid for nore desirable alternatives. Bidding would be in terns
of defensive neasures involving snoking, drinking, diet and
exerci se. Iteration would be used to determne how nuch averting
behavior would be tolerated in order to inprove |ife prospects by
vari ous anounts. Sonme experinmentation with uncertainty could be
introduced by setting the probability of payoff wequal to 50
percent. The respondent would be asked how confident he is of
being able to stay on the various prograns, and which parts of
the progranms are the nost difficult. The latter responses would
be used in further iterations by eliminating the nost difficult
parts of a rejected program and asking if it would then be an
acceptable price to pay for a preferred life path.

The rest of this iterate-on-defensive-neasures approach
entails eliciting willingness to pay (WP) in dollars for the
progranms, based on their careful thought about sacrifices nade
for nmeasures they are already taking.

4.5.5. Third Mydida-. Ri sk Percepti.an and Risk Behaviort

A major result of work with focus groups is recognition of
the need to carefully educate respondents in the basic concepts
of probability and risks. The procedures, whose principles are
di scussed in detail in section 4.4, are necessary if respondents
are to be able to respond intelligently about |ow probability
environmental threats to life and health.

It is furthernore inportant to delve into people' s general
ri sk perceptions because they underlie judgenents and choices in
particular risky situations. The risk percetions help to explain
choices in contingent markets for health risk. Asking respon-
dents to reflect on these attitudes brings them nore clearly to
mnd, inproving the quality of contingent valuation responses.

Exam nation of people's actions in various risky situations
reveals attitudes towards risks, just as do their prior
perceptions of risk. These risk attitudes, fornmed over |ong
peri ods wunder innunerable influences, are inportant determnants
of behavior towards health risks, and are therefore likely to be
inportant to analysis. Responding to risk behavior questions
al so hel ps prepare the respondent give well considered contingent
val uati on answers.

It is thus apparent from the focus group experience that a
maj or experinental effort is required to develop teaching devices
that will permt the effective use of probabilistic contingent
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markets in health. Basic drills for teaching probability are not
presented -‘here. The defensive neasures nodule contains sone
information on risk behavior which could be extended. Building on
the present nodule, ganmes have been devised using a lottery wheel
and cards directly in contingent valuation questions as wll be
reported on in Section4.5.6.

The presentation in the present section is Ilimted to
guestions on risk perception, which are as foll ows.

Risk perceptdox, relative to. pagl:

l. Rel ative to your parents' experience, the risks to
health and safety you are faced with are:

1 Mich Iless

2 Somewhat | ess

3 About the sane

4  Somewhat greater
5 Mich greater

Ceneral awareness and concern:

2. Risks to health and safety come from a variety of
activities, substances and technol ogies. Whi ch causes
the greatest, second greatest and third greatest
concern to you? (Put appropriate nunber in each box.)
1 Crine 8§ Power |awn nowers
2 SwW mm ng pools 9 Snoki ng
3 Nucl ear power 10 Motor vehicles
4 Al coholic beverages 11 Food preservatives
5 Pesticides and 12 Asbest os

her bi ci des 13 Water pollution
6 Homegag ur naces 14 Job risks
7Ai rpol lution 15 O her (specify)____._

[ 1 Geatest concern
[ ] Second greatest concern
[ 1 Third greatest concern

Ranking questions about causes of c