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EXECUTIVE SUMMARY

This handbook provides an introductory survey of the theory, techniques, and existing
literature pertaining to economic valuation of non-cancer health effects. This handbook is designed
to improvethe understanding of non-cancer val uation methods and their application among EPA staff
involved in preparing and presenting policy analyses; provide a means to facilitate consistency in the
use of the existing literature on non-cancer valuation across the Agency; and present a set of “off-the-
shelf” approaches and suggestions on the use of these approaches for analyses of environmental
health risk reduction. In addition, this handbook presents some of the main challenges, issues, and
uncertainties associated with the economic methods commonly used for health effect valuation.

THEORETICAL BASISOF HEALTH EFFECTSVALUATION

Most often, the reason for estimating economic values of environmental health effectsisto
compare the economic benefits of a policy to the costs of that policy. In the pollution control
context, these cost-benefit analyses, which includeregul atory impact analysesrequired for major rules
under Executive Order 12866, may be used to rank regulatory options, to inform decisions that rely
on an economic justification, or even to evaluate entire programs.

Proper evauation of economic efficiency requires accurate measures of benefits and costs.
Economists define benefits and costs as dollar equivalents of changes in well-being. 1n economic
theory, an individual'swell-being depends on hisor her consumption of marketed goods and services,
his or her health status, and other characteristics of his or her environment. Typicaly, dollar
equivalents of changes in well-being are measured by willingness-to-pay compensation (WTP) or
willingness-to-accept compensation (WTA). WTP for hedlth is the largest amount of money an
individua would voluntarily pay to obtain animprovement (or to avoid adecrement) in health. WTA
is the smallest amount of money the individual would voluntarily accept as compensation to forego
an improvement (or to endure a decrement) in health. This handbook focuses on WTP, mainly
because WTP is often | ess problematic to measure and quantify and, asaresult, isthe term used most
commonly in the economic valuation literature.

Measuring WTP for health presents several problems to the analyst. First, when
environmental quality improves, there are several health-related impacts on well-being (e.g., medical
costs, indirect costs such as lost wages, pain and suffering). It is easy to overlook one or more of
these, resulting in an underestimate of the value of health. A second issue is that the health of one
person may affect the well-being of another (e.g., the case of parents ill health affecting their
children), suggesting that the focus on each individual's WTP for his own health may be too narrow
insomecases. Third, health effects of exposure to environmental contamination may be immediate
or delayed, making it important to consider how thetiming of health effectsinfluencesWTP. Findly,
environmental contamination may not cause specific health effects with certainty, but rather may
increase the risk of poor health.

ES1



PRIMARY METHODS OF MORBIDITY VALUATION

Researchers have used a wide range of approaches to value environmental health effects.
Several available methods measure the theoretically preferred vaue of individual willingness to pay
to avoid a hedlth effect, while other methods that provide useful measures of the value of avoided
morbidity are less well-grounded in economic theory. Methods aso differ in the perspective from
which vauationismeasured (e.g., before or after the incidence of morbidity), and the degreeto which
they account for the major elements of willingnessto pay.

To develop an understanding of the methods availablefor estimating environmental morbidity
values, it isfirst important to understand the various components of these values. Theloss of social
welfare associated with the incidence of one case of ahealth effect is comprised of four e ements: the
cost of treatment, the loss of output associated with the reduction in work activity in the labor
market, the loss of value of non-market activities, and individual’s pain and suffering. When the
individua who suffers the disease bears the whole cost burden, the value of environmental morbidity
is the individual’s maximum WTP to avoid the disease, equal to the monetized value of the four
components. Intheabsence of sick pay, medical insurance, and/or charity, the value of environmenta
morbidity is the sum of the WTP to avoid the costs borne by the individua and costs borne by third
parties (e.g., insurance companies).

Three methods are used most often to value environmenta morbidity. Thefirst isthe cost-of-
illness (COI) method, which measures the costs incurred as aresult of illness, including direct costs
such as medical expenses and indirect costs such as foregone earnings. This method directly
measures values using observed behavior and is most prevalent in the medical economics literature.
The cost-of -ilIness method does not measure WTP for reduced morbidity. Two other methods are
more prevalent intheenvironmental economicsliterature. The contingent valuation method (the most
commonly used stated preference method) measures respondents WTP for hypothetical health
improvements. The averting behavior method (a reveaed preference method) estimates WTP from
observed behavioral responses to real situations. This method infers WTP from the cost and
effectiveness of actions taken to defend against illness. See Exhibit ES-1 for asummary of the three
most common environmental morbidity valuation methods. Severa other methods have been used
less frequently to value environmental morbidity, including hedonic methods, and several other
methods that, similar to the cost-of-illness method, do not measure WTP: risk-risk tradeoffs and
health-state indexes. In addition, studies of jury awards are a potentialy useful source of data,
although they have not been fully evaluated by economistsfor their usefulnessfor valuation of health
effects.
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Exhibit ES-1

EVALUATION OF THREE MOST COMMON METHODS FOR MORBIDITY VALUATION

May be lower bound on
WTP.

Method Approach Advantages Disadvantages
Cost-of-ilIness Measures direct costs Relative ease of Does not measure WTP.
such as medical expenses | application and Ignores important
and indirect costssuch as | explanation. components of WTP such
foregone earnings. Does not require as pain and suffering.
household surveys.

Contingent Valuation

Surveys elicit WTP for
hypothetical changesin

Flexibility allows
application to variety of

Hypothetical nature
introduces many sources

health effects. health effects. of potential inaccuracy
If designed properly, and imprecision.
allows measurement of Method is controversial
complete WTP, and often expensive.
including atruism.

Averting Behavior Infer WTP from costs WTP estimates based on Difficult to isolate value
and effectiveness of actual behavior. of health from other
actions taken to defend benefits of averting
against illness. action.

Difficult to measure
individual perceptions of
cost and effectiveness of
averting action.

The economic value of health is a sometimes elusive concept that is difficult to quantify
precisely. For that reason, it is useful to use more than one technique to estimate the value where
possible. In addition, while any of the methods discussed in this handbook may provide a valuation
estimate, it isimportant to evaluate critically the plausibility of an estimate for its reasonablenessin
aparticular application. For example, if the estimated value of avoiding an acute, reversible effect
exceeds other reasonabl e estimates for avoiding long-term, chronic effects, then the acute effect value
isprobably too large and will be difficult to defend. On the other hand, willingness-to-pay valuesthat
are less than cost-of-ilIness values for the same effect are probably too low, particularly if the effect
clearly resultsin some pain or other impairment of activity.
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VALUING NON-CANCER HEALTH
EFFECTSUSING BENEFITSTRANSFER

Benefits transfer is an aternative to primary research that can be used to develop benefits
estimates. In benefits transfer, valuation information on individual WTP from one or more existing
studies is used to assess aggregate benefits of a proposed or new policy. The techniques of benefits
transfer have been used for many years to evaluate public policy options and to assess natura
resource damages. Benefits transfer often is used when insufficient time or money is available to
gather the primary data required for a new valuation study.

The benefits transfer technique involves afour step process. Thefirst step is to describe the
policy case. Inthisstep, the analyst describesin detail the health effects of the policy, the resulting
impacts on economic well-being, and the characteristics of the affected population. The second step
istoidentify existing, relevant studies. Thisstep generally involvesliterature searchesand discussions
withresearchersinthefield. Thethird stepisto evaluate the suitability of existing studiesfor benefits
transfer. This step concerns assessing the quality and applicability of identified studies. The fourth
step isto transfer the benefit estimates.

There are advantages and disadvantages to using the benefits transfer technique compared to
primary research. On the one hand, primary research is costly and time-consuming, and in advance
of conducting the research there is no guarantee of success. Benefits transfers usually can be
conducted much more quickly and at lower cost using studies whose quality can be assessed in
advance. Also, when several relevant studies are available, combining them may to some extent
mitigate problems or errors specific to any one study. On the other hand, the resulting benefits
transfer estimates are unlikely to be as accurate or precise as estimates from primary research tailored
specifically tothe new policy issue.* Previousanalyses suggest benefitstransfers should be conducted
and interpreted with careful consideration of potential sources of inaccuracy or imprecision. An
additional problem specific to morbidity valuation isthat the number of health effectsfor whichWTP
estimates exist is quite limited: there is not much available to transfer.

Not surprisingly, the two major issues involved in benefits transfer concern (1) the quality of
existing studies, and (2) their applicability to the new policy situation. Applicability refersto the
match between the study case, or the situation examined in the original study, and the policy case,
or the situation relevant to the new policy. Key elements of this match include the correspondence
between the " commodity,” or health effect, valued in the study case and the health effect of the policy;
and the similarity between the population examined in the study case and the population affected by
the policy. As discussed in this handbook, the value of avoiding a heath effect depends on
characteristics of the effect, such as severity and duration, as well as on characteristics of the

See Chapter 4, Deciding Whether to Conduct a Benefits Transfer, for further discussion of
this topic.
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population affected, such asincome or baseline health status. Ideally, the analyst would prefer that
the health effects and populations considered in the study and policy cases be quite similar.
Secondarily, the analyst would prefer a defensible method to adjust for important differences.

ISSUESIN APPLYING THE VALUATION LITERATURE

Vauation of hedlth effectsis generally of interest when an estimate of the reduction in risk
of that effect can be established. Understanding the health science basis for the effect and properly
applying the relevant economic literature is not always straightforward. For example, values for
individual health effectsare not alwaysavailable, or existing dose-response rel ationships may address
dightly different health effects than the economics literature.

There are many reasons to exercise caution in the application of economic values for health
effects. Three situations are commonly encountered in application of economic values. In the first
situation, WTP values are not available. Often, a cost-of-illness measure can be devel oped relatively
easly, but the pain and suffering component is not captured, and the pain and suffering component
can be amajor factor in vauation of some chronic effects. Although everyone would no doubt agree
that some ilInesses hurt more than others, there is no accepted scale to measure the quantity of pain
or suffering. Thisimmeasurability complicates valuation, but monetization of pain and suffering
would remain difficult and controversial evenif the amount pain could be quantified. This handbook
evaluates alternative strategies for monetizing pain and suffering, including benefits-transfers based
on existing information on the economic value of avoided pain and suffering and primary research to
monetize pain and suffering directly.

In the second situation, existing WTP values are poorly matched to the effect of concern --
this can lead to issues of double-counting and increased uncertainty in benefitstransfers. There are
severa important factors associated with the transfer of existing economic values for usein policy
analyses that could cause the aggregate benefits estimate to differ from the "true" value. In most
cases, simplistic assumptions about the additivity of the values for component parts of health effects
can lead to an upward bias in the aggregate value. For example, WTP to avoid two days of a
symptom may not equal two times the WTP to avoid one day of a symptom. In addition, WTP to
avoid a cough and headache may not equal WTP to avoid these two symptoms separately. On the
other hand, WTP estimates may understate the true value. In genera, the details of a specific benefits
transfer govern the direction of bias. In afew cases, available literature supports an adjustment to
economic valuesto correct for these errors. In al cases, however, benefits anaysts need to be aware
of the potential influence of these factors on the overall benefits estimates, collect information from
the relevant hedlth effects and economics literature that are being considered as the basis for benefits
estimation, and carefully consider the uncertainties in valuation for individua health effects of
concern.

In the third situation, the health effect itself is poorly characterized in the relevant health

science literature. In this situation, there are steps that an analyst can take to frame the potential
value of non-cancer risks associated with aspecific contaminant exposure. First, one can identify the
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critical and prevalent non-cancer effects for a contaminant using health effects data published in EPA's
Integrated Risk Information System (IRIS). In some cases, IRIS will contain enough information to
develop agenera description of the nature of the specific effects. If needed, additional information
can be obtained by reviewing the hedlth effects studies cited in IRIS. 1t may be possible to develop
aunit valuation for the effects depending on how clearly they are defined. Such avaluation may be
based on cost of illness data, primary research, or the transfer of willingness-to-pay data. Finaly, by
looking at the population that is subject to doses at or above the RfD, as estimated by risk analysts,
one can estimate the number of people at risk of contracting the effects. Thus, even without an
estimate of the probability that people exposed at this level will contract the effect, arraying the
available information in this manner provides helpful insight into the potential value of avoiding the
effects. Furthermore, thistype of anaysis can suggest whether additiona investigation of the health
effects data (e.g., dose-response data) iswarranted. Typically, risk analysts conduct each of these
steps, but it can be useful for economic anaysts to have a basic understanding of the underlying risk
analysis to best present available information to decision- makers.

COLLECTING INFORMATION TO SUPPORT
NON-CANCER HEALTH EFFECTSANALYSES

In addition to providing the reader with a basic understanding of the theory and methods of
non-cancer health effects valuation, as well as some insight into the major issues that could be
encountered in health effects analyses, this handbook provides information that will help the reader
get started on anon-cancer health effects benefitsanalysis. Several information sources are available
for use by risk assessors to characterize the types of health effects that are associated with prevention
of contaminant exposures. A basic knowledge of the methods of risk assessment and the underlying
studies that characterize health effects is helpful to the economist or benefits analyst in conducting
non-cancer health effects analyses. In addition, several useful sources of information on existing
economic studies of non-cancer health effects, including references to several documents EPA has
developed, can facilitatealiterature review. Finaly, health benefits approaches used in other Federa
agencies and departments may provide helpful information to design strategies for valuation.

APPENDICES
Information supplementa the main text is provided in three appendices. Appendix A provides

a comprehensive annotated bibliography of articles relevant to non-cancer health valuation. The
abstracts provide a concise description of each article and are organized into the following categories:

Valuation Theory and Methods

Genera Applications

Commonly Applied Methods of Averting Behavior, Contingent Va uation, and/or
Cost-of -1lIness Methods

Benefits Transfer

Valuation of Mortality Risk
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1 Regulatory Support Documents

Appendix B includes a detailed literature review of studies addressing the "pain and suffering”
component of non-cancer health effect valuation. Appendix Cincludessix case studies of non-cancer
valuation for specific health effects. The case studies address effects that are likely to be of
continuing interest to EPA anaystsin future policy development. The six effects are: lung function;
reproductive effects associated with endocrine disruption; developmental effects associated with
endocrine disruption; childhood asthma; childhood lead poisoning; and kidney function. For most
of these effects, valuation is not straightforward — the case studies are designed to beillustrative of
the types of strategies that can be used to characterize the benefits of avoiding these types of effects.
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INTRODUCTION CHAPTER 1

This document provides an introductory survey of the theory, techniques, and existing
literature pertaining to economic valuation of non-cancer health effects. The goals of this handbook
are asfollows:

I Improve the understanding of non-cancer valuation methods and their
application among EPA staff involved in preparing and presenting policy
analyses,

Provide ameansto facilitate consistency in the use of the existing literature
on non-cancer valuation across the Agency; and

Present a set of “off-the-shelf” approaches from the existing literature and
suggestions on the use of these approaches for application in analyses of
environmental health risk reduction.

Several steps were taken to ensure that the information contained in this handbook is hel pful
to adiverse audience and applicable for awide variety of uses. Firgt, the exposition is geared toward
a non-technical audience and is deliberately kept brief. Readers with little or no familiarity with
environmental and health economics should be able to comprehend and interpret the information
presented. Second, major uncertainties and limitations associated with the commonly used methods
and the existing literature are carefully explained. Consideration and appropriate presentation of
uncertaintiesis critical in conducting valuation analyses. Third, the handbook includes an extensive
annotated bibliography as well as several suggestions for further reading focusing on those areas
where valuation could prove particularly difficult or controversial.

The remainder of the document consists of five chapters and three appendices. Chapter 2
covers the economic theory of vauation for reductions in human health risk. Chapter 3 summarizes
the mgor primary research techniques that are commonly used for health risk valuation. Chapter 4
covers methods for applying existing primary research through a process known as “benefits
transfer.” Chapter 5 explores several issuesin the application of these valuesin benefits analyses and
suggests strategies for addressing these issues.
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These four chapters are designed to provide an introduction to the methods commonly used
for economic valuation of non-cancer headth effects, aswell as some of the main challenges, issues,
and uncertainties associated with these methods. The focus of these chapters and this handbook is
on valuation techniquesto estimate health-related benefits. However, it isimportant to acknowledge
that within the Agency, non-quantifiable effects also provide important information in the benefits
analysis. While this handbook does not specifically discuss methods for reflecting these types of
effects in benefits analysis, a thorough economic assessment of non-cancer health effects should
include a description of these qualitative benefits.

Chapter 6 providesinformation to help the benefits analyst get started. The chapter provides
references to awide range of existing health and economic literature. This chapter should provide
the reader with an understanding of the types of health effects that have been addressed in previous
health and economic research, the results of that research (including specific references to previous
applications of the results in EPA-sponsored work), and the gaps in coverage of relevant health
effects that remain. An annotated bibliography isincluded as Appendix A. Appendix B includes a
detailed literature review of studies addressing the "pain and suffering” component of non-cancer
health effect valuation.

Appendix Cincludessix case studies of non-cancer valuation for specific health effects. The
case studies addresseffects that arelikely to be of continuing interest to EPA anaystsin future policy
development. The six effects are: lung function; reproductive effects associated with endocrine
disruption; developmenta effects associated with endocrine disruption; childhood asthma; childhood
lead poisoning; and kidney function. For most of these effects, valuation is not straightforward —
the case studies are designed to be illustrative of the types of strategies that can be used to
characterize the benefits of avoiding these types of effects.

This handbook should provide a useful starting point for developing economic benefit
assessments of policies that mitigate non-cancer human health effects, and will hopefully facilitate
efforts among EPA program offices to improve the consistency, quality, and comprehensiveness of
policy analyses. Many of the techniques and approaches discussed in this handbook apply to any
adverse health effect, however, the focus of this handbook is on non-cancer health effects. Two
important categories of effects excluded from this handbook are fatal and cancer risks. While most
EPA program offices have developed strategies for valuation of these types of effects (see the
recently updated Agency Guidelines, USEPA, 1999), this handbook is meant to fill a perceived gap
in developing strategies for benefits analysis involving non-cancer health effects.
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THEORETICAL BASISOF HEALTH EFFECTSVALUATION CHAPTER 2

This chapter surveys the economic theory which supports non-cancer and other human health
effects valuation. The chapter has four main sections: (1) An overview of the context in which
economic valuation enters policy analysis; (2) An explanation of valuation theory outlining the
assumptions and reasoning behind the measurement of economic value, and discussing valuation of
market goods; (3) Anintroduction to health effectsvaluation highlighting specia issuesarising when
applying the theory to human health; and (4) A summary reviewing key points and providing aguide
to further reading.

Exhibit 2-1

Environmental
Policy Economic
Analysis Theory
and
Evaluation
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Asillustrated in Exhibit 2-1 above, this handbook reviewstopicsthat arise in the intersection
of environmental policy analysis and economic theory that are relevant to health risk valuation. The
document does not fully explore either environmental policy analysis or economic theory. For more
information on environmental policy and the use of applied economicsat EPA, see EPA's Guidelines
for Preparing Economic Analysis (US EPA, 2000a).

ECONOMIC VALUATION AND POLICY ANALYSIS

To survey the theory of health effects valuation, it is useful first to consider how economic
value estimates can inform policy decisions. Most often, the reason for estimating economic values
of environmenta health effects is to compare the economic benefits of a policy to the costs of that
policy. Inthe pollution control context, these cost-benefit anayses, which include regulatory impact
analyses required for major rules under Executive Order 12866, may be used to rank regulatory
options, to inform decisions that rely on an economic justification, or even to evauate entire
programs.

Benefit-cost analysis examines public policy actionsin terms of the impact on the well-being
of society asawhole. Intheory, apolicy action should strive to maximize the economic well-being
of all affected people at a minimum, while at the same time strive to maximize the net gains from
public policy. A properly conducted benefit-cost analysis considers the wide range of impacts a
regulation may have on society as awhole. These impactsinclude: requiring some actors to incur
costsfor compliance with the regul ation; conferring benefits on other actors (for example, intheform
of reduced health risk); changing individuals wealth by redistributing resources (that is, changesin
equity); causing society to incur costs for administering the regulation. While this approach may not
alwaysresult in anoptimal level of regulation (i.e., it achievesthe best possible outcome at the lowest
cost), aproperly conducted benefit-cost analysis that considers all societal costs and benefits of the
action impliesthat benefits could be redistributed so that no oneisharmed. Those people bearing the
costscan, inprincipleat |east, be compensated fully with the net benefit remaining (surplus of benefits
over costs). Further redistribution of the surplus would allow everyone to gain from the policy. 1f
societal costs exceed societal benefits, on the other hand, there is no way to implement the policy
without harming someone.

For example, suppose a policy would require installation and operation of pollution control
equipment costing firms $1 million, while reducing asthma attacks among nearby residents. In
addition, suppose that the law requires that firms operate their plantsin amanner that prevents such
health effectsfrom occurring. If each of three thousand asthmatics would be willing to accept no less
than $1,000 in compensation for incurring the health decrement (or forego the improvement), then
the total economic benefit of the policy equals $1,000 times 3,000 persons or $3 million. Because
the benefits exceed the costs by a wide margin, provided the costs of administering the policy (the
transactions costs) are less than $2 million, society is better off with the policy than it would be
without. If the policy were not adopted, liability law might allow the asthmatics to demand a total
of $3 million in compensation from the firms for harm done by the pollution, although the legal costs
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of such an action, with many polluters and many asthmatics involved, could be excessive. With the
policy, however, the asthmatics can be made equally well off through the installation of pollution
control equipment costing only $1 million, plus the administrative costs to be borne by society.

On the other hand, if the asthmatics would be willing to accept only $100 each in
compensation for incurring the health decrement (or forego the improvement), implying total benefits
of the policy of $0.3 million, enacting a requirement for pollution control equipment would require
society to spend at least $1 million to provide health benefits of $0.3 million to the beneficiaries; this
clearly would not be an economically efficient use of resources. In this case, it might be better to
require direct compensation of affected individuas by the polluting companies. Alternatively, if
transactions costs for setting up adirect compensation mechanism aretoo high, it may be appropriate
to simply tolerate the inefficiency by either under- or over-regulating the market.

Thissimpleexampleillustratesfivekey issuesarisinginthe use of health valuation techniques
and benefit-cost analysis to evaluate policies affecting health:

1 First, economists measure the value of better health as the amount of money
an individual iswilling to accept to incur a health decrement (or forego the
improvement), summed over al affected individuals, when the polluter is
responsible for compensation. If the public isjudged responsible for paying
the firm not to pollute, the value of better health is the amount of money an
individual is willing to pay to obtain a health improvement (or avoid a
decrement), summed over all affected individuals.

Second, each individua isassumed to be the best judge of the economic value
of hisown health. Asaresult, some attempt to determine what an asthmatic
himself iswilling to accept to endure worse health (or to pay for better health)
is preferable to the assignment of a monetary value by an external observer.
Both this and thefirst issue assume that this amount reflects the value he puts
on hisown health. Whileit is possible that this value may include benefits for
others(i.e., dtruistic benefits), in most cases economists associate values only
with the individual himself.

Third, a cost-benefit framework evaluates economic efficiency without
considering who should pay for apolicy. Determining whether the asthmatics,
the polluting firms, or some third party should pay for pollution control isa
Separate question that is usually determined by the legal rights of the affected
parties. The example above follows the "polluter-pays" philosophy, but in
many cases the governing statutes may not require polluters to completely
eliminate all health risks attributable to their actions.

Fourth, benefits and costs are by definition gains and losses relative to some
point of reference, and the reference point must be specified in advance.
Policy analysts should realize that the choice of areference point affects the
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measurement of benefits and costs. Using the above example, suppose
researchers are analyzing a policy designed to reduce asthma attacks by 50
percent from current levelsinagiven city. Inaddition, assume the geography
of the city is such that residents of two areas of the city currently experience
different levels of asthma. If residents of Area 1 currently incur more asthma
attacks than those of Area 2, all else equal, the policy option may have a
greater value at Area 1 than Area 2. In some cases, an analysis of the
incremental, or marginal, effects such asthis may indicate agreat disparity in
value due to different reference points.

Fifth, once the issue of who is to compensate whom is decided and the
reference point chosen, benefit-cost analysis implicitly accepts the
corresponding distribution of health, income and economic well-being as an
adequate basis for judging public policy. A detailed analysis can show how
costs and benefits are distributed by income, health status or other population
characteristics, but these characteristics are generally not considered in
computing total net benefits. Concerns about fairness and equality, while
often an important consideration in the policy-making process, are most often
considered outside of the cost-benefit framework.

These issues are not always straightforward to address. This volume, designed to provide
insights into non-cancer health risk valuation, cannot resolve many of these issues. For example,
establishing a basdline from which to measure benefitsis often very complicated. EPA's Regulatory
Policy Council is currently developing guidance for analysts on this topic (see US EPA, 2000a).
Nonetheless, later chapters of this report suggest strategies for addressing these issues in particular
valuation contexts and provide exampl es, through case study analysis, of how analysts have addressed
these issues in the past.

In general, valuation of health benefits can be effectively used to illustrate the benefits of a
policy using the same metric typically used to measure costs (that is, in dollars). Economic valuation
can therefore be auseful input to policy decisions. At the sametime, it ishelpful to acknowledge the
limitations of economic valuation and the cost-benefit framework, and recognize that considerations
of theimpacts of apolicy choice beyond economic efficiency are aso relevant to the decision-making
process (e.g., equity and intergenerational concerns, and political, ethical and legal issues).
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THEORY OF ECONOMIC VALUATION

Proper evauation of economic efficiency requires accurate measures of benefits and costs.
Economists define benefits and costs as dollar equivalents of changesin well-being. 1n economic
theory, an individual's well-being (also called welfare or utility) depends on his or her consumption
of marketed goods and services, his or her health status, and other characteristics of his or her
environment.

Typically, dollar equivalents of changes in well-being are measured by willingness-to-pay
compensation or willingness-to-accept compensation. Willingness-to-pay compensation (WTP) for
health isthe largest amount of money an individua would voluntarily pay to obtain an improvement
(or to avoid a decrement) in health. The person feels that paying this sum in exchange for better
health gives the same degree of well-being as keeping the money and living without the health
improvement. In thissense, WTP represents the individual's own assessment of the dollar value of
better health.

Willingness-to-accept compensation (WTA) is the smallest amount of money the individual
would voluntarily accept as compensation to forego an improvement (or to endure a decrement) in
health. The person feels that accepting this sum in exchange for living without the health
improvement givesthe same degree of well-being asnot receiving the money but having better health.
Asin the case of WTP, WTA also represents the individua's own assessment of the dollar value of
better health.

Both WTP and WTA are measures of dollar equivalents of changesin well-being, but they
arenot identical. The two measures differ because they take different reference points to evaluate
the change in well-being. WTP measures what the person would pay to obtain better health, while
WTA measures what he would require to forego better health. A person's willingness to pay cannot
exceed hisincome; WTA hasno upper bound but isat least aslargeasWTP. The difference between
the two measures is likely to be small, and the choice between them inconsequential, for small
changes in health. But there may be large differences for large changes in health. In economic
theory, the choice between the two measures amounts to an arbitrary choice of reference point to
evaluate the change in well-being. In practice, most studies take an individual's current health status
asthe reference point, and estimate WTP to obtain improved hedlth. In practice however, the choice
of usng WTP or WTA isaquestion of property rights. Carson and Mitchell (1993) discussthisissue
in more detail. WTPisused whenit isdetermined that the public should pay the firm not to pollute
the public resource, and WTA isused when it is determined that the firm should pay the public to be
allowed to pollute the public resource. WTP is often less problematic to measure and
guantify and, as aresult, is the term used most commonly in the economic valuation literature. For
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ease of exposition, we use theterm “willingness-to-pay” (or WTP) throughout this handbook to refer
to the underlying economic principles behind both WTA and WTP.2

Deter minants of Willingnessto Pay

Broadly speaking, WTP depends on two factors. preferences and opportunities. Preferences
represent a person's desires, wants or needs, or his perception of how health, marketed goods and
services, and other features of his environment affect his well-being. Opportunities describe the
means available to satisfy preferences, such asincome and time.

The basic role of preferencesin determining WTP is straightforward. 1f oneindividual has
astrong desire for physical fitnesswhile another does not, and the two have similar opportunities, the
first person will be willing to pay more for a health club membership. Economists take preferences
as given and make no judgment about whether one person has better preferences; each is assumed
to be the best judge of his or her own well-being. In addition, it should be acknowledged that
preferences may change over time. Older WTP studies may become outdated due to changes in
preferences or opportunities for substitute goods.

Whiletaking aperson's preferences as given, economists assume that individuals preferences
have several specific properties. In addition to assuming that an individual's preferences are well-
defined (i.e., aperson is aware of his preferences and acts appropriately to satisfy them), the three
most important properties for estimating WTP are substitution, nonsatiation, and convexity.
Substitution implies awillingness to make trade-offs. alarger amount of one good compensates for
asmaller amount of another, even if one of the goodsis health. The substitution principleis critical
for measuring WTP, because it implies that health and income can be substituted for one another
while maintaining a constant degree of well-being. Examples of income traded for health include the
purchase and use of smoke detectors or bicycle helmets. In addition, substantial evidence indicates
that people make trade-offs between health and money or other goods. For example, many
reasonably well-informed people eat high-fat diets or have other poor health habits, apparently trading
future health risk for present enjoyment of certain foods or lifestyles. Some people take jobs
entailing a higher risk of death or injury in exchange for higher wages, while others do not use seat
belts because of the required time or inconvenience. Economists believe choices like these reveal a
willingness to substitute good health for money or other goods.

A second and less controversial assumption about preferences is nonsatiation: more (of a
good thing) is preferred to less. Nonsatiation implies that WTP for better health is positive
(technicaly, nonnegative). Third, economists may assume preferences are "convex,” which implies

2 Because current law may confer property rights to the environment on those exposed to
environmental contamination, research continues on better ways to measure WTA for improvements
in environmental quality. EPA is currently among the sponsors of this research.
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that, all else equal, WTP for additional increments of health may decline as health improves. For
example, in this case, individualsin poor health are expected to be willing to pay more for improved
health than are similar but healthier peoplefor the equivalent health increment. In some casesit might
not be clear how WTPisassociated with additional incrementsof health. For exampleanindividua's
WTP to avoid five days of aparticular symptom (e.g., a headache) might be greater or less than the
WTP to avoid this symptom in five separate instances.?

Income and wealth are major determinants of opportunities that affect WTP. Health isa
"normal good," that is, WTP for better health rises with income. Besides income, the price and
availability of arelated good may affect opportunities. For example, if an employer subsidizes an on-
site health and recreation facility, employees would be willing to pay less for membershipsin other
health clubs.

Differences in opportunities or preferences between individuals may aso be related to age,
gender, schooling, pre-existing health impairments, or other persona characteristics. Individual
variation in preferences or opportunities causes WTP to differ between individuas, and policy
analysis may require an accounting of these differences. In many policy contexts, however,
distinguishing the WTP estimate of, for example, alow-income group and a high-income group is
controversial.

M easuring Willingnessto Pay: Market Goods

Economists assumethat people behave asif to obtain the greatest possible well-being, subject
to available opportunities. It follows that in many cases, if opportunities are held constant, actual
behavior reveals preferences. This principle, known as "revealed preference,” is most useful when
measuring WTP for goods traded in markets, but it also has application to valuing health.

If a person seeks the greatest possible well-being subject to available opportunities, that
person will buy a unit of agood aslong as his or her willingness to pay is at least as great as the cost
of obtaining the good (i.e., the utility from consuming is at least as great as the reduction in
opportunity from spending money on the good). Two casesin which this principle is applied may be
distinguished. Thefirst occursif WTP declines smoothly asadditional unitsof agood are purchased.
A person then buys additional units until WTP equals the price. To illustrate, suppose a nonfat,
pasteurized egg product sells for $2 per 16-ounce carton. If Person A and Person B each buy the
product, each will buy it until her WTP for the last carton equals $2. If Person A has a higher
income, or greater concern for cholesterol or food-borne illness, she may buy more of the product
than Person B, but her WTP for the last unit will be $2, just equal to that of Person B. Anyone else
buying the nonfat egg product at the same price a so valuesthe last carton purchased at $2, regardless
of income, health status, or differencesin preferences. Conversely, anyone who does not buy the
product valuesit less than $2.

3In Chapter 5 we discuss issues which may arise in attempting to match economic valuesto
health effects evaluated in the health science literature.
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The WTP for 50 cartons, however, does not equal $100, or the expenditure required to buy
50 cartons. Instead, the expenditureis alower bound on WTP for anyone who purchases 50 cartons,
because WTP exceeds price for al but the last unit purchased. The excess of WTP over price for
thefirst 49 cartonsiscalled "consumer's surplus.” Also, not everyone buying the product would have
the same WTPfor 50 cartons; Person A's WTP would exceed Person B's owing to her higher income
or greater health concerns.

The second application of reveaed preference applies when WTP declines discontinuously,
or "jumps down," for an additional unit of agood. For example, Person C may be willing to pay
$1000 for installation of an air purifying unit in his central air-conditioning system, but he is not
willing to pay anything for asecond unit. If aunit costs $400, Person C will purchaseit, but hisWTP
exceeds the market price by $600, the amount of his consumer's surplus. Similarly, Person D would
purchase aunit if hisWTP is $500 (his consumer's surplus is $100), but Person C and Person D do
not have the same WTP. In this case, the market price serves as alower bound to WTP for buyers
and an upper bound to WTP for non-buyers.

These examplesillustrate severa points about WTP measurement. First, market behavior
revealsinformation about WTP for goods traded in markets. Second, if WTP declines smoothly with
additional consumption of a good, then everyone buying the good values an additional unit at the
market price. If thispriceisthe sameto al, then al purchasers have the same WTP for the last unit
purchased, regardless of their income, health status, or preferences. Third, total expenditure provides
only alower bound, not an exact value, for the WTP for large changes in the amount consumed, and
all purchasers do not have the same WTP for alarge change. Asaresult, it isusually more difficult
to estimate WTP for alarge, or nonmarginal, change in consumption than for a small, or marginal,
change. A similar outcome occurs when WTP falls discontinuoudly: the market price provides only
alower bound on the value of one unit, and WTP need not be the same for all purchasers.

M easuring Willingnessto Pay: Nonmar ket Goods

Unlike membership in a health club, nonfat egg products, or air purifying units, health itself
cannot be purchased in a market: it is a nonmarket good. Although the economic theory of
preferences and value applies to nonmarket as well as to market goods, measuring WTP for a
nonmarket good is more difficult. Economists have relied extensively on markets for information
about economic value, because actual behavior in markets reveas preferences and also reflects
constrained opportunities. Valuing a nonmarket good requires finding an alternate source of
information.

Economists have applied two genera approaches to measure WTP for nonmarket goods such
as hedlth or environmental quality. One approach is called revealed preference, because it continues
to adhere to the revealed preference principle of inferring WTP from observations of actual behavior.
The revealed preference approach generally involves linking the nonmarket good of interest to a
related good which is traded in a market. For example, if two acetaminophen tablets relieve one
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headache and provide no other benefit, anyone buying acetaminophen must value the last headache
relieved at no less than the price of two tablets.

The dternate approach is called stated preference because it relieson individuas' statements
about how they would behave in a hypothetical situation, or how much a hypothetical changein a
nonmarket good is worth to them. For example, survey respondents might be asked whether they
would be willing to pay $25 to eliminate one day of an acute respiratory symptom.

There are severa reveaed preference and stated preference methods; each method can be
further classified as being direct or indirect (Mitchell and Carson 1989, pp. 74-87; Freeman 1993,
pp. 23-25), but that distinction is not essential to the following discussion. In addition to reveaed
preference and stated preference approaches, some approaches to health valuation do not attempt to
estimate WTP at al. The most widely used is the cost-of-ilIness method, which measures the direct
and indirect costs of illness rather than WTP to avoid iliness. The various methods of valuing non-
cancer health effects are reviewed in more detail in Chapter 3.

VALUATION OF HUMAN HEALTH

Measuring WTP for health presents several additional problems beyond the issue of valuing
a nonmarket good. First, when environmental quality improves, there are several health-related
impacts on well-being; it is easy to overlook one or more of these, resulting in an underestimate of
the value of health. A second issue is that the health of one person may affect the well-being of
another, suggesting that the focus on each individual's WTP for his own health may be too narrow
insomecases. Third, health effects of exposure to environmental contamination may be immediate
or delayed, making it important to consider how thetiming of health effectsinfluencesWTP. Findly,
environmental contamination may not cause specific health effects with certainty, but rather may
increase the risk of poor health. The theory of benefit-cost analysis and WTP measurement must be
extended to handle situations involving risk.

Components of Individual Willingnessto Pay for Health

A changein environmental quality may have many health-related impacts on well-being. The
economic measure of theseimpactsisWTP, which reflectsthe total dollar value for achangein well-
being that results from a change in health. Economists assume this measure reflects all the ways that
changes in health affect a person's well being. Because analysts often rely on existing applied
methods that do not capture the total WTP (i.e., they may reflect only a part of an individual's WTP
or be only a monetary measure of benefits, such as CQl), it is important to understand the
components of WTP. In addition, understanding the components of WTP is vital for conducting
benefits transfers.



[lIness imposes direct costs such as expenses for medical care and medication, and indirect
costs such as lost time from paid work, nonmarket work such as maintaining a home, and leisure.
I1Iness also imposes less easily measured but equally real costs of discomfort, anxiety, pain, and
suffering. A complete measure of the value of avoiding illness must include the economic value of
reduced suffering.

Besides costs arising from the occurrence of illness, costs may be incurred to avoid illness or
environmental hazards. some people purchase bottled water to avoid contaminated drinking supplies,
install air purifiers at home, or adjust their schedules to remain indoors on days when air quality is
poor. Defensive actions such as these may reduce both the severity and probability of suffering the
health effect caused by a given level of environmental contamination. As a result, better
environmental quality may raise well-being by improving health and by reducing the need for
defensive action.

Toillustratetheimpact of defensive action on valuation, suppose anindividua can completely
avoid any adverse health effects of contaminated water supplies by purchasing bottled water.
Cleaning the drinking water supply does not improve his health, because prior to the clean-up he had
not been drinking from the public water supplies, but cleaning the drinking water does improve his
well-being because he no longer has to spend the money and time required to buy bottled water.
Analysts should calculate the risk reductions associated with a clean drinking water supply by
accounting for the different behavioral responsesindividuas may have (i.e., based on the assumption
that some people have avoided the risk by purchasing bottled water while others continue to use the
public water supply). Fromthis, it follows that the economic benefits of cleaning the drinking water
supply would be underestimated by a procedure that multiplied the actual health effects avoided by
amonetary value, because the improvement in well-being from no longer having to buy bottled water
would not be counted.

Individual and Social Benefits of | mproved Health

The conventional measure of the social benefit of apoalicy isthe sum of individual benefits.
Consequently, the theoretical basis of health effects vauation focuses on an individua's WTP for his
own hedth. This approach ignores the possibility that the health of one person may affect the well-
being of ancther. Thejourney from one person's health to another's well-being generally follows two
paths. cost-shifting and altruism. Medical insurance and paid sick leave shift part of the monetary
cost of illnessfrom asick individual to others. Costs borne by others will not affect the WTP of a
self-interested person, and thus his WTP will not capture the full economic value of his health. As
discussed in Chapter 3, valuation methods differ in how they account for shifted costs.

Apart from monetary costs of illness, a sense of atruism may lead one person to value the
health of others. It isnot easy to determine whether and how to account for "altruistic benefits,” or
WTP for the health of others, in a manner consistent with the individualistic ideas prominent in
valuation theory. A relatively simple case occurs when members of asinglehousehold are concerned
for one another. Since economists often treat the household, rather than the individual, as the basic
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economic unit, measuring household WTP for the health of each of its members is quite consistent
with common practice. For example, an economist might measure parents WTP for their children's
health. An additional third party value that may be included in a measure of household WTPisa
child'svauefor parenta health. Inthiscase, the child's value may be motivated by both atruism and
self-interest.

In addition, individual swithin ahousehold may also experience indirect welfare effects of an
illness that are not centered on the sick individual. Shogren (1999) discusses the welfare effects that
might accrue to healthy household members from having asick family member. For example, if asick
caregiver must re-allocate time and household income to self-care and/or medical attention, a child
might not benefit from the same level of care or opportunities provided by a healthy caregiver.
Alternatively, if acaregiver has to care for a sick child, he or she might make decisions for the
household that affect the quality of thefamily life. The medical expensesto carefor asick child might
require that the caregiver hold a second job, thus making the caregiver less available to the family.

The situation is more complex if aperson is concerned for others outside his own household.
Recent theoretical research by Jones-Lee (1991, 1992) distinguishes between altruism focused
exclusively on health, and more general concern for the overall well-being of others. If altruism
extends only to health, then Jones-Lee's analysis supports adding altruistic benefits to the
conventional measure of health benefits. Concernfor the general welfare of others, however, implies
concern for both the benefits and the costs they experience. Because benefit-cost analysis weighs
costs against benefits for al members of society, if atruism is manifested as a more genera concern
for the overall well-being of others, there may be no reason to add separate measures of altruistic
benefits.

Willingnessto Pay and the Timing of Health Effects

Environmental contamination may cause immediate or delayed health effects, and the value
of avoiding a given hedlth effect likely depends on whether it occurs now or in the future. Clearly,
the timing of financial commitments affects their value. If a person can borrow or save at an annual
interest rate of ten percent, then a dollar borrowed or saved today is equivaent to $1.10 in ayear.
Put differently, $1.10 to be paid or received in ayear has a present value of $1.00; the future value
of $1.10 isdiscounted by the market interest rate to obtain the present value. Theoretical research
predicts that people discount future risks of death similarly: the WTP today to reduce future risk of
death equals the present discounted value of future WTP to reduce a contemporaneous risk of death
(Cropper and Sussman 1990). Theinterest rate a person would use to discount a future risk of death
need not equal the rate of interest on financial investments, however. Recent empirical research
confirms that workers discount future risks of fatal injurieson the job; that is, they are willing to pay
less to reduce a future risk than a present risk of equal magnitude (Viscusi and Moore 1989). The
rates of interest at which workers discount future risks do not appear to diverge too greatly from
market rates. In addition, a separate study that involved a survey of 3,000 members of the general
public concludes that individuals value policies that yield health benefits in the present more highly
than policies that yield the same benefits in the future (Cropper et a. 1992).
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Health Effects Valuation under Risk

Environmental contamination may not cause an adverse health effect with certainty, but rather
may increase the probability the effect occurs, its severity given that it occurs, or both. In thinking
about thisdiscussion it isimportant to distinguish risk from uncertainty. Risk is sometimes defined
as exposure to a chance of injury or loss; the chance or probability inherent in risk is the source of
uncertainty (Morgan and Henrion, 1990). The individuaswho face health risks may be unsure about
thelevel of environmental contamination, their opportunities for avoiding it, or many other factors
affecting their welfare. Situations involving uncertainty present three additional complications for
valuing health:

1 First, the mathematical expectation of utility (i.e., probability of an outcome
effect multiplied by its economic effect) may not adequately reflect individua
motivations and behavior.

Second, there may be wide divergence between scientific assessments of
environmental health risks and the level of risk perceived by ordinary people.
For example, in general people tend to overestimate the probability of small
risks. The divergence between subjective risk perceptions and scientific
estimates of risks complicates measurement of WTP using both direct and
indirect methods to measure value from hypothetical and actual behavior.*

Third, economic valuation under risk requires distinguishing between ex ante
and ex post WTP. Individuals may take measures to reduce risk (i.e., an ex
ante behavior); for example, undertaking measures to reduce the likelihood
of contracting asthma. Alternatively, individuals may take measuresto lessen
the effect of the health condition (i.e., an ex post behavior); for example, using
an inhaler to reduce asthma symptoms.

*Thiscomplex issuerequiresamuch lengthier discussion than is possible to cover given the
scope of this document. Useful general sources include Slovic (1987) and Fischhoff et al. (1978).
In addition, Portney (1992) presents the issue relative to contamination perceptionsin atown. The
author gives an example of atown of residents who would be willing to pay to reduce the presence
of a contaminant they feel is carcinogenic but risk assessors say is benign.
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SUMMARY AND GUIDE TO FURTHER READING

This chapter has surveyed the economic theory which supports valuation of non-cancer and
other human health effects. Key pointsinclude the following.

1 Economic valuation can be a helpful tool to illustrate the benefits of public
policies. For example, the estimates may be used in benefit-cost analysis,
which evaluates the economic efficiency of apolicy. A detailed analysis may
show the distribution of costs and benefits by income, health status or other
characteristic, but typically the focus is on total net benefit: the difference
between benefits and costs summed over all affected individuals.

Economists define benefits and costs as dollar equivalents of changesin well-
being, and assume that each individual isthe best judge of hisor her own well-
being. In economic theory, individua well-being depends on consumption of
marketed goods and services, health, and other factors. Economists assume
that people are willing to make tradeoffs among the factors which contribute
to well-being; these tradeoffs imply that the value of health can be expressed
indollars.

One measure of the economic value of improved health is the amount of
money an individual would be willing to pay to obtain the hedth
improvement. A second measure is the amount of money the individual
would be willing to accept in compensation to forego a health improvement.
Both WTP and WTA measure dollar equivalents of changesin economic well-
being, but they are not identical. The difference between the two measures
is likely to be small unless the change in health is large. In practice, most
studies estimate WTP, because it often is less problematic to measure and
quantify.

WTP may vary over individuals according to differencesin their desire for
health, their income, or other personal characteristics. While policy analysis
may require accounting for these differences, it is difficult to say, a priori,
how these personal characteristics may affect WTP.

The principle of revealed preference implies that market behavior reveals
WTP for goods traded in markets.

The revealed preference principle sometimes can be extended to measure
WTP for nonmarket goods such as health. Stated preference methods, which
rely on individuals statements of value rather than actual behavior, aso are
used to value health. Other approaches often used by health economists, such
as the cost-of-illness method, do not measure individual WTP for changesin
well-being but instead measure the direct and indirect costs of poor health.
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