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Summary

Valuing the benefit of reduced exposures to environmental health risks requires 
assessment of the willingness to pay for the risk reduction. Usual measures typically 
estimate individual local rates of substitution between money and the reduced probability 
of the adverse health impact. Benefit-cost analyses then aggregate individuals’ 
willingness to pay to calculate society’s willingness to pay for the health risk reduction 
benefit. The theoretical basis for this approach is well established and is similar for 
mortality risks and health outcomes involving morbidity effects. Researchers have used 
both stated preference methods and revealed preference data that draw on values 
implicit in economic decisions. Continuing controversies with respect to valuation of 
environmental health impacts include the treatment of behavioral anomalies, such as the 
gap between willingness-to-pay and willingness-to-accept values, and the degree to which 
heterogeneity in values because of personal characteristics such as income and age 
should influence benefit values. A considerable literature exists on the value of a 
statistical life (VSL), the local tradeoff between fatality risk and money, which is used to 
value mortality risk reductions. Many VSL estimates use data from the United States for 
regulatory analyses of environmental policies, but several other countries have distinct 
valuation practices. There are empirical estimates of the benefits associated with 
reducing the risks of many environmental health effects, including cancer, respiratory 
diseases, gastrointestinal illnesses, and other health consequences that have morbidity 
effects.
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Why Monetize Environmental Risks?

This article discusses the economic valuation of reduced exposures to environmental health 
risks. This area of research endeavors to value, in monetary terms, small changes in the 
probability that individuals in a population will suffer adverse health outcomes from exposure 
to environmental harm. Benefit-cost analysis then aggregates individuals’ willingness to pay 
for the risk reduction to define society’s willingness to pay for the benefit. Valuing these 
benefits in monetary terms does not mean that researchers in this field are “putting a price” 
on certain health or life outcomes. Instead, they are attempting to measure risk-money 
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tradeoff rates, or how much people in a given population value changes in health risks 
involving small changes in the health risk probability. Obtaining these valuations allows 
governments considering environmental regulation to monetize the environmental benefits 
and to determine whether the expected health improvements and other benefits of a given 
policy outweigh the costs. By calculating the environmental health benefits in monetary 
terms, it is feasible to make this comparison and to select the policy that provides the greatest 
net benefits, that is, benefits minus costs. This benefit-cost approach to policies recognizes 
the resource limits that constrain policy choices. Although in an ideal world lives would be 
risk-free, this is not the world in which we live. Greater levels of safety come at a price. This 
article examines the economic principles and empirical results pertaining to the monetization 
of the benefits associated with reduction of exposure to environmental risks.

Foundations and Controversies

Basic Economic Theory

The economic value of the benefits from reduced exposure to environmental health risks is the 
aggregate societal willingness to pay for the policy benefit. The policy outcome of interest 
does not consist of certain, identifiable health impacts, but rather reduced probabilities of 
adverse health outcomes. Consequently, benefit assessment approaches that reflect the 
willingness to pay for changes in risk are the direct counterparts of this valuation task. 
Because these risk changes are typically small, the general task is to ascertain the local 
tradeoff between money and risk. For very large, nonincremental changes in risk, the 
willingness to pay per unit of risk reduction will be less than for a smaller change in risk due, 
in large part, to the influence of income effects that dampen the tradeoff values if the levels of 
expenditures are great.

An analogous procedure pertains to the context of increases in risk. If a policy leads to an 
increase in the probability of an adverse health outcome, the pertinent measure of the benefit 
is the amount of compensation that people require in order for them to be willing to accept 
the risk increase. For small rates of change in risk, the tradeoff rates for increases in risk and 
decreases in the risk are the same. For large nonincremental risk changes, the willingness-to- 
accept tradeoff rate increases.

It is possible to analyze the local rate of risk-money tradeoffs for small risk changes either in 
terms of willingness-to-pay (WTP) values for risk reduction or the willingness-to-accept (WTA) 
amounts that are paid in compensation for exposure to risks, as each approach yields 
theoretically equivalent values for local risk-money tradeoffs. In the case of fatality risks, this 
rate of tradeoff is often referred to as the value of a statistical life (VSL) or the value of 
mortality risk reductions.

Consider the tradeoff rates implied by wage-risk tradeoffs for occupational fatality risks. Let 
the job’s risk of death be , the wage rate for the risky job be , the utility function when 
not injured be , and the bequest function be . The worker’s expected utility 

 is given by
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(1)

(2)

(3)

(4)

The wage-risk tradeoff for fatality risks is given by

The VSL is given by the difference in the utility level in the two health states, divided by the 
expected marginal utility of income. Dividing by the expected marginal utility of income 
normalizes the formulation and establishes the units for the valuation since von Neumann– 

Morgenstern utility functions are defined only up to a positive linear transformation.

The economic structure for valuing other adverse health risks is similar except that the  term 
corresponds to the utility function in the ill health state, which may not involve a fatal 
outcome. If, however, the VSL amounts derived from analyses of traumatic job accidents are 
being used to value environmental risks, such as cancer, the value of the morbidity component 
of the fatality risk event may differ. For illnesses that have a prolonged morbidity period, the 
VSL derived from analyses of the risk of a more immediate risk of death may be lower than 
the appropriate value for environmental risks to the extent that there are additional morbidity 
effects associated with environmental hazards. Thus, if  is the disutility associated with 
the pain and suffering accompanying the fatal injury, wholly apart from the loss of life that is 
involved, then the expected utility is given by

The VSL formulation generalizes in a straightforward manner to generate the value of the risk 
of death and the value of the morbidity risk associated with the fatal event (Gentry & Viscusi, 
2016). Similarly, the function  may also reflect the dread associated with the particular 
type of mortality risk.

In the case of policies that generate short extensions of life, it is feasible to use the value of a 
statistical life year (VSLY) to value the expected number of life years added by the policy. Let 
L indicate the individual’s remaining life expectancy and r be the rate of interest. The VSLY is 
related to the VSL based on the following formula developed in Moore and Viscusi (1988):
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Empirical estimates of the VSLY provide a basis for assessing the value of small changes in 
life expectancy. It should be noted that to be consistent with the theory, application of the 
VSLY requires that the stream of VSLY benefits be discounted and not simply multiplied by the 
number of remaining life years.

Revealed Preference and Stated Preference Approaches

The two most widely used empirical approaches to valuing environmental health risks are 
revealed preference methods and stated preference methods. Revealed preference techniques 
usually rely on market-based evidence such as the implicit rate of tradeoff reflected in the 
wage premium paid for risky jobs, the price premium commanded by safer autos, or the 
reduction in house prices in neighborhoods with environmental risk exposures. Revealed 
preference approaches have the advantage of being based on actual market decisions. 
However, there may not be market data available to estimate the valuation for health risks 
that are specific to the benefits associated with reduced environmental exposures such as 
cancer, poisonings, and respiratory ailments. Stated preference techniques rely on survey 
methods in which respondents are given hypothetical choice situations for which they express 
their preferences. Such surveys provide greater flexibility in terms of the range of health risks 
that can be valued, but may pose substantial cognitive challenges. These difficulties generated 
controversy about the appropriateness of using such methods after they were employed to 
assess the natural resource damages associated with the Exxon Valdez oil spill (Arrow et al., 
1993). To put the stated preference values on sounder footing, a substantial literature has 
developed to advance criteria for undertaking reliable stated preference studies (Johnston et 
al., 2017; Kling, Phaneuf, & Zhao, 2012). For example, a desirable criterion is that the survey 
should define the environmental commodity being valued in sufficient detail so that 
respondents understand the welfare consequences of the health impact for which they are 
being requested to express a value. The survey should include rationality and internal 
consistency checks, such as being willing to pay larger amounts for greater reductions in the 
risk probability. Carson, Flores, Martin, and Wright (1996), Lanoie, Carmen, and Latour 
(1995), and Kennedy (2002) present detailed discussions of comparisons between revealed 
and stated preference estimates.

Stated preference approaches that ask respondents their WTP for some reduced health risks 
seek to elicit from respondents the tradeoff rates that straddle two different dimensions— 

money and health. The risk-risk tradeoff approach is a variant of stated preference techniques 
that avoids this problem by focusing on a single dimension in which respondents compare two 
different health risks (Viscusi, Magat, & Huber, 1991), such as traumatic injuries and 
environmental illnesses. Let the risk reference point be the valuation of mortality risks, or the 
VSL, which is a benefit value for which there is extensive empirical work. If a person believes 
for a particular population exposed to air pollution risks that reducing 10 expected cases of 
respiratory disease is equivalent to an alternative policy that reduces one expected death for 
that population, then the value of respiratory disease risks can be set at . Thus, one 
can obtain a value for reduced risks of respiratory disease based on the risk-risk approach in 
which the estimates are chained with monetary estimates of the VSL.
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Estimating and Adjusting the Value of a Statistical Life

The value of the policy impact on mortality is the most prominent benefit component for 
environmental risk policies in the United States. Mortality effects comprise a prominent 
component of environmental benefit assessments in other countries as well. Most of the VSL 
estimates in the economics literature are based on wage-occupational fatality risk tradeoffs. 
There is also a large literature pertaining to stated preference values for VSL for the United 
States and other countries. Selecting which estimate to use based on this literature typically 
involves some type of meta-analysis in which the analyst undertakes a literature review, 
chooses the estimates to include in the assessment, and pools the different estimates in a 
systematic statistical analysis. The U.S. Environmental Protection Agency’s (EPA, 2010) meta- 
analysis of the VSL literature includes both revealed preference and stated preference 
estimates of the VSL. The controversies pertaining to the reliance on a meta-analytic 
approach include those associated with different selection effects. First, there could be 
publication selection biases in terms of which estimates are submitted for publication and 
which are published in the literature (Doucouliagos, Stanley, & Giles, 2012; Viscusi, 2018a, 
2018b). Second, if analysts are selecting the “best estimate” from different studies, there may 
be attendant biases associated with this procedure, both with respect to which studies are 
included in the meta-analysis and which VSL estimates are included (Viscusi, 2018a). In each 
case, analysts may tend to select estimates that are consistent with the previous literature or 
with prominent early estimates in the literature, which tend to be those for the United States. 
Fortunately, there are statistical procedures that make it possible to adjust for these potential 
biases.

Suppose that the result from such a meta-analysis is an estimate of the VSL based on analyses 
of occupational risks. Analysts evaluating environmental risks often use these existing 
valuations rather than performing costly new research to obtain a VSL specific to the 
environmental risk. Applying these existing estimates to environmental risks comes under the 
general heading of benefit transfer, to indicate that the population and risks considered are 
not identical to those in the current benefit-cost analysis. Applying mortality risk benefit 
valuations across different risk contexts is appropriate if there is good reason to believe that 
the risk tradeoff results would be similar. First, are the preferences of those exposed to 
environmental risks similar to those of workers exposed to fatality risks? To the extent that 
each group involves large populations across a broad spectrum of society, one would not often 
expect there to be stark differences, but if the risk attitudes of workers differ from those 
exposed to environmental hazards, the valuations could diverge. A second set of concerns 
pertains to the morbidity effects noted above in section on “Basic Economic Theory.” The 
nature of the health risk involved may be quite different. If environmental health risks entail 
more substantial morbidity effects than traumatic job fatalities, then there should be a benefit 
premium for such risks. The concept of a benefit premium for cancer-related deaths has 
attracted the most attention and will be examined in the second half of this article (see 
“Health Risk Topics”).

Heterogeneity in the life expectancy of the population also may influence whether 
modification of an average VSL is warranted. Environmental risks such as air pollution may 
have disproportionate effects at both ends of the population. People who are old and already 
have respiratory ailments may be particularly vulnerable, but their losses in life expectancy 
will be less than for younger people. Similarly, very young children suffering mortality risks 
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will suffer correspondingly greater potential losses of life expectancy. Assigning a value to 
these risk reductions should be based on society’s WTP for the risk reduction, which may not 
be proportional to the remaining life expectancy. Available evidence suggests that for labor 
market data, the VSL rises and then falls over the life cycle, but does not drop off 
precipitously with age (Aldy, 2019; Aldy & Viscusi, 2008; Viscusi & Aldy, 2007; Viscusi & 
Hersch, 2008). These age-related studies of the VSL in the labor market often include 
estimates of the VSLY for workers of different age. Stated preference evidence on the age- 
related trajectory of the VSL is more mixed, and some suggests a flatter age-related pattern 
(Huang, Anderssen, & Zhang, 2018; Krupnick, 2007; Krupnick et al., 2002). There is a less 
well-developed literature generating VSL estimates for children, and government agencies 
typically have not adopted a separate value for children (Byl, 2013; Robinson, Raich, Hammitt, 
& O’Keefe, 2019), although the Organisation for Economic Co-operation and Development 
(OECD, 2012) recommends a VSL for children that is 1.5–2.0 times higher than that for adults.

The EPA did, however, adopt a downward age adjustment of 37% for the VSL used to monetize 
the mortality risk reductions for those over age 65 in its Clear Skies Initiative analysis 
(Viscusi, 2018b). This procedure generated a political firestorm among senior citizen groups, 
and to date the EPA has not resumed any similar age adjustments. In other countries, there 
have been efforts to make an adjustment of the VSL for age, and these have generated less 
controversy (European Commission, 2001; Hara Associates, 2000). For example, Canadian 
agencies have included age adjustments in some regulatory analyses without public backlash 
(OECD, 2012).

Another prominent personal characteristic that influences an individual’s valuation of health 
risks is income. Empirical evidence indicates that there is a positive income elasticity for the 
VSL, which is on the order of 0.6 for the United States and 1.0 based on international 
evidence (Viscusi, 2018b). If the income level of those affected by a policy differs from the 
average income of those in the population used to estimate the VSL, then an income 
adjustment can reflect such differences. When updating their VSL estimates, U.S. government 
agencies frequently use an income elasticity value to make the VSL estimates more pertinent 
to current populations. Because environmental policies tend to reflect a broad cross section of 
the population, there have not been efforts to make within-country income adjustments in 
benefits. Making income adjustments by suggesting, in effect, that the poorer members of 
society merit less protection than the more affluent also raises serious ethical issues.

However, across countries there is evidence of substantial income elasticities, as is reflected 
in the aforementioned empirical evidence. If the VSL is to be pertinent to the preferences of 
the citizenry being protected, then it is desirable to use the VSL appropriate to that 
population. If there are reliable estimates within a country, then these could be used. An 
alternative is to use estimates drawn from the most reliable U.S. studies in conjunction with 
an estimate of the income elasticity that can be used to transfer the U.S. estimates to a 
country with a different income level (Viscusi, 2018b). While this approach may appear to be 
devaluing the lives of those in low- and middle-income countries, that devaluation is only 
relative to the United States. This procedure will typically boost the VSL figures used in these 
other countries even though the resulting numbers are below the values for the United States.
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Behavioral Economics Influences

Behavioral economics issues also arise in several guises. One common concern across all such 
departures is whether these variations from conventional models of rational choice reflect 
anomalies that should be dismissed as irrationalities that people would choose to overcome if 
they were aware of the phenomenon or are legitimate expressions of preferences that 
highlight underlying inadequacies in the assumptions embodied in standard economic 
theories.

Three examples appear particularly pertinent to environmental benefit assessment. First, 
marginal rates of tradeoff between money and environmental health risks for small increases 
and decreases in risk are identical in standard economic models but may not be in practice. 
There is a well-documented empirical disparity between WTP for risk reduction and WTA 
values for changes in environmental risks (Horowitz & McConnell, 2002; Tuncel & Hammitt, 
2014). In situations in which the task is to assign a value to an environmental loss, some 
economists advocate application of the higher WTA values (Knetsch, Riyanto, & Zong, 2012). 
Second, there may be additional behavioral economics factors that enter because many 
environmental risks are highly uncertain, with probabilities that are not well known. In 
situations of risk ambiguity, people may display ambiguity aversion, treating imprecisely 
understood probabilities of adverse environmental health effects as being more harmful than 
comparable, precisely understood risks. Economists generally view this behavior as a form of 
bias, relative to the normative prescriptions of expected utility theory. In some of its 
applications, the companion policy guidance of the precautionary principle similarly reflects 
an aversion to risks that are not well understood. Third, should policies be guided by real risk 
levels grounded in scientists’ estimates of what the actual threats are or by the public’s 
perception of the risks, which may be unrelated to the actual risks that are posed? For 
example, if people overestimate the level of the risk from hazardous waste sites, should 
policymakers reflect the preferences of the citizenry (Portney, 1992) or should policies be 
guided by unbiased estimates of the actual risk levels (Viscusi, 2018b)? Many authors have 
posed this question, and government policymakers routinely confront these concerns as public 
perceptions of risk may exert pressures for government action independent of the actual 
health threat.

Health Risk Topics

Mortality Risks

The valuation of mortality risk reductions has played the central role in benefit assessments 
for environmental policies and for government regulations generally. The standard practice in 
the United States and other countries for valuing mortality risks formerly relied on human 
capital measures. The present value of the lost earnings and medical costs associated with 
deaths often serves as a measure of appropriate compensation in personal injury cases, but it 
is not a meaningful measure of the WTP for risk reductions. In 1982, Viscusi introduced the 
VSL as the benefits measure for mortality risks for U.S. government regulations, as discussed 
in Earley (1985) and Viscusi (2018b). Using VSL estimates rather than the financial cost-of- 
death measure boosted benefit estimates for mortality risk reductions by a factor of 10. 
Agencies throughout the world have shifted to the VSL as the mortality benefits measure, but 
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the previous use of the human capital values has often led to selection of VSL estimates from 
the low end of the VSL distribution in the literature. There is evidence that these anchoring 
effects are diminishing, as the VSL estimates have become more aligned with current 
empirical analyses.

Countries vary in the sources of empirical evidence they rely on in estimating the VSL. Some 
countries such as the United States rely primarily on revealed preference evidence, such as 
that reviewed by Viscusi and Aldy (2003) and Viscusi (2018b). Sometimes agencies use 
revealed preference evidence in conjunction with stated preference evidence. Other countries, 
such as Australia, have been guided by the implications of a review of international VSL 
studies for their particular country (Office of Best Practice Regulation, 2014). Relying on 
country-specific stated preference studies is increasingly common as well (Narain & Sall, 
2016; OECD, 2012). Researchers based in Europe have compiled a meta-analysis of stated 
preference studies throughout the world (Lindhjem, Navrud, Braathen, & Biausque, 2011), 
and there have been several meta-analyses of U.S. and international revealed preference 
studies, such as Mrozek and Taylor (2002), Viscusi and Aldy (2003), and Viscusi and 
Masterman (2017a).

The approach used in the late 20th and early 21st centuries in the United States to assess 
mortality risk effects of environmental regulations has emerged after meta-analyses of the 
VSL literature. The EPA’s 2019 guidance indicates a recommended inflation-adjusted VSL of 
$9.32 million (EPA, 2018), which the agency also adjusts for changes in income levels. The 
VSL level used in regulatory analysis has varied across time and across different divisions of 
the agency. Viscusi (2019) lists the VSL used in agency analyses from 1985 to 2018. The VSL 
has risen over time in part because agencies have been less anchored to the previous 
mortality risk reduction valuation approach using the present value of individual earnings as 
the benefits measure. For the past 20 years, the VSL used by agencies has been in the $9–11 
million (2019 USD) range, which is similar to the recommended labor market estimate of $11 
million (Viscusi, 2018b) based on labor market estimates using the Census of Fatal 
Occupational Injury data for fatality risks.

In the United Kingdom, the Treasury’s Green Book specifies that mortality risk effects of 
environmental regulations are assessed by three possible benefit valuation approaches: the 
value of prevented fatalities (VPF), the value of statistical life years (SLYs), and the value of 
quality-adjusted life years (QALYs) saved. The VPF, which is a different term for the VSL, is 
derived from research conducted on behalf of the Department for Transport (2019) and is 
around $2.3 million (2019 USD). This VPF is used by at least eight government agencies, 
including the Department for Transport, the Office for Nuclear Regulation, the Health and 
Safety Executive, and the Department for Environment and Rural Affairs. The 2019 SLY value 
was $75,600 and is updated annually (HM Treasury, 2018).

Norway previously relied on VSL estimate transfer from other countries, but in 2012 the 
government commissioned a Norway-specific stated preference study that recommended a 
VSL of $5.7 million (2019 USD) for all sectors, including transportation, health, and 
environment (Ministry of Finance, 2012). The committee also recommended a VSL for 
children twice that of the general population. Canada uses a VSL of approximately $3–9 
million and Australia approximately $2.9 million (2019 USD). Other examples (in millions 2019 

USD) include Mexico (1.0), Colombia (1.1), Peru (1.7), and Malaysia (1.1; Narain & Sall, 
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2016). Alolayan, Evans, and Hammitt’s (2017) study in Kuwait found a VSL approximately two 
to four times larger than U.S. values, possibly reflecting Kuwaiti citizens’ substantially larger 
incomes.

Rather than relying on within-country estimates of the VSL, one possibility is to undertake a 
benefit transfer approach in which estimates from the United States are extrapolated to other 
countries. The procedure to date has focused on the role of income differences across 
countries, but there may be other determinants of international VSL heterogeneity based on 
differences in culture, risk levels, and attitudes toward risk. The transfer procedure in Viscusi 
and Masterman (2017b) and Viscusi (2018b, 2019) uses an international income elasticity of 
1.0, making it possible to estimate a VSL level throughout the world for any country with 
comparable income data, such as the gross national income per capita. For example, the 
United Kingdom has a VSL of $7.1 million (2019 USD) under this approach. Other alternative 
benefit transfer techniques, such as that used by Robinson, Hammitt, and O’Keeffe (2019), 
use income adjustments in a somewhat different manner and do not adopt an income 
elasticity of VSL of 1.0. Through a comparison of Chinese surveys performed in 2005 and 

2016, Hammitt, Geng, Xiaogi, and Nielsen (2019) demonstrate that the VSL increased sharply 
during this period of economic growth.

Cancer

Fatal and nonfatal cancer cases make up a substantial part of environmental health benefit 
assessment. For fatal cancer risks, there is a large body of research finding a cancer premium 
to reflect the possibly greater morbidity and dread effects of cancer compared with those of 
the typical traumatic job accident underlying most revealed preference evidence. Government 
agencies continue to consider whether they should adopt a cancer premium and, if so, how 
much that premium should be. The U.S. EPA hypothesized that there might be a cancer 
premium of 50%, which it suggested could be a placeholder value as valuation research 
continues, but the agency has not adopted a cancer premium in its regulatory impact analyses 
(EPA, 2010). In the past, the U.K. Health and Safety Executive (2001) and the HM Treasury 
(2011) set the valuation of cancer risks at twice the value of fatal accidents, but as of 2018, 
the U.K. did not have any guidance regarding a cancer premium (HM Treasury, 2018).

The evidence in the economics literature is often consistent with a cancer premium. 
Theoretically, the extent of the premium should vary based on the severity and the duration of 
the morbidity effects as compared to the morbidity effects of the reference fatality risk, such 
as occupational fatalities. Increased morbidity effects may also induce dread or increased 
WTP to avoid a risk perceived as potentially severe, uncontrollable, and catastrophic (Chilton, 
Jones-Lee, Kiraly, Metcalf, & Pang, 2006; McDaniels, Kamlet, & Fischer, 1992). The health 
consequences of different cancer risks are not identical, making it difficult to ascertain a 
single cancer premium that can be used across all types of cancer. Although there is some 
revealed preference evidence regarding valuation of cancer risks based on housing price 
effects from exposure to hazardous waste risks (Chattopadhyay, 1999; Davis, 2004; Gayer, 
Hamilton, & Viscusi, 2002), the dominant approach has been that of stated preference studies 
in which surveys describe the particular cancer and elicit subjects’ WTP for reduced risks of 
cancer.



Page 10 of 20

Printed from Oxford Research Encyclopedias, Environmental Science. Under the terms of the licence agreement, an individual user 
may print out a single article for personal use (for details see Privacy Policy and Legal Notice).
Subscriber: OUP-Reference Gratis Access; date: 03 February 2021

Stated preference survey valuations of cancer risks often differ with respect to the type of 
cancer and the attendant morbidity effects. For the stated preference results to be 
meaningful, they should describe the health consequences of the cancer accurately and in a 
thorough manner rather than letting survey respondents imagine what the illness entails 
(Johnston et al., 2017; Kling, Phaneuf, & Zhao, 2012; Magat, Viscusi, & Huber, 1996). WTP to 
reduce cancer risks can also vary based on the cancer’s latency period—the amount of time 
that elapses between the initial exposure to an environmental carcinogen and the diagnosis of 
cancer.

Many studies have found cancer premia of various magnitudes. Using a risk-risk approach, 
Magat et al. (1996) found that respondents were indifferent between reducing their risk of 
terminal lymphoma and reducing their risk of a fatal car accident. This study did not indicate 
any latency period for the illness, which may have affected the saliency of the possibly greater 
morbidity and dread effects of cancer. Hammitt and Liu (2004) found that, relative to other 
chronic diseases, there was a one-third premium for lung and liver cancer with a 20-year 
latency period. Van Houtven, Sullivan, and Dockins (2008) found a cancer premium for 
stomach, liver, and brain cancer that varied with the latency period. With a latency period of 
five years, cancer risks were three times as valuable as traumatic fatal accidents. However, 
Hammitt and Haninger (2010) also found comparable valuations for cancer risks (brain, 
bladder, liver, or lymphocyte) with latency periods of 1, 10, and 20 years, death risks from car 
accidents, and noncancer disease. Using a risk-risk tradeoff approach, Viscusi, Huber, and 
Bell (2014) also concluded that relative to traumatic transportation accident deaths, bladder 
cancer with a latency period of 10 years had a 21% premium.

Studies outside the United States have examined determinants of WTP to avoid cancer as 
well. Alberini and Ščasný (2018) varied unconditional and conditional cancer probabilities and 
impact on daily activities and pain in stated-preference surveys in the Czech Republic, Italy, 
the Netherlands, and the United Kingdom, and found that the unconditional cancer mortality, 
stripped of morbidity, pain, and quality-of-life effects, is the principal factor influencing the 
WTP to avoid cancer. Cancer WTP might also vary based on baseline risks. Guignet and 
Alberini (2014) found that in Italy and the United Kingdom, the VSL for cancer was twice as 
large for individuals who perceive air pollution where they live as high. Tonin, Alberini, and 
Turvani (2012) similarly found a VSL increasing with perceived exposure to contaminants in 
Italy. WTP to avoid cancer might also include a certainty premium for people who initially 
perceive they are at a low risk level (Dickie & Gerking, 1996). Income effects on WTP to avoid 
cancer and mortality risks generally may be influential as well. In a survey of rural Chinese 
residents, Wang and He (2014) found a small cancer premium, but that cancer VSL was only 
about one-tenth that of U.S. VSL.

The estimates in the previous paragraphs treat cancer as a private good, eliciting 
respondents’ WTP to reduce their own risks. It is possible that valuations differ when people 
instead value the public good of reducing cancer risks in their communities. Using a discrete 
choice experiment, Bosworth, Cameron, and DeShazo (2009) estimated WTP for 
environmental policies to improve public health, providing respondents with descriptions of 
avoided illnesses and premature deaths, policy duration, and the size of the population that 
would be affected. The authors found no cancer premium when risk reduction was treated as 
a public good, and more broadly found that differences in marginal WTP are much more 
strongly associated with differences in respondent characteristics (age, income, and risk 
attitudes) than with different types of illness or risk. However, in Italy and the Czech Republic, 
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Alberini and Ščasný (2011) found results consistent with a cancer premium in public 
programs as well as heterogeneity driven by risk reduction delivery (public vs. private good) 
and respondent income, although not age.

Respiratory and Cardiovascular Diseases

Exposure to air pollution and other environmental hazards often carries the risk of developing 
or exacerbating acute or chronic respiratory and cardiovascular diseases. Even though 
mortality risk reduction usually dominates health benefits, morbidity is also responsible for a 
significant part of health effects.

Studies sometimes use other commonly studied health effects as comparison conditions to 
value respiratory and cardiovascular health benefits. Traumatic fatal injuries and cancer are 
some of the most studied health effects, and therefore serve as a useful baseline for 
measuring other morbidity and mortality effects. Using a risk-risk approach in which subjects 
compared a fatal car accident to living with the most extreme form of chronic bronchitis, 
Viscusi, Magat, and Huber (1991) found that chronic bronchitis was valued about 32% as 
much as a fatal car accident, consistent with chronic bronchitis and automobile fatality risk- 
dollar estimates and with the VSL literature. Bosworth, Cameron, and DeShazo (2015) found 
that WTP for fatal cardiovascular disease was as large as for some cancers, and in a survey of 
U.S. and Canadian adults, Chestnut, Rowe, and Breffle (2012) found identical WTPs to reduce 
cancer and heart attack mortality. Studies have also valued air-pollution-induced illness 
without comparison to other health effects. Based on stated preference evidence, values for 
asthma control in adults range from an annual value of about $1,800 (Blomquist, Dickie, & 
O’Conor, 2011) to $2,700 (2019 USD; O’Conor & Blomquist, 1997).

Just as with other risks, respiratory and cardiovascular risk valuations might also depend on 
who is affected. Reducing children’s risk may be more highly valued than reducing that of 
adults, especially by parents. Two studies have surveyed parents and adults to measure WTP 
to reduce their children’s and their own existing asthma risks. Blomquist et al. (2011) found a 
significant nonlinear age effect on the value of reduced asthma mortality, with a high but 
declining VSL for children. The value of asthma control was about $4,500 annually for 
children and young adults, and parents as a group were willing to pay more to control their 
children’s asthma than were adults to control their own asthma. Using valuation scenarios 
involving both the frequency of asthma episodes and the psychological stress resulting from 
uncertainty about when an attack would occur, Brandt, Lavin, and Hanemann (2012) found 
mean WTP of $56.48 to $64.48 per month to reduce children’s asthma symptoms by 50%.

There may be variation in valuation based on other factors as well. Groups who are at already 
high risk of respiratory disease, such as smokers, may be willing to pay more to reduce their 
risk of respiratory disease (Bosworth, Cameron, & DeShazo, 2015). Unsurprisingly, there is a 
larger differential for illness with a latency period than for sudden death. Mothers who are 
smokers on average value their children’s respiratory health 55% higher than their own 
health (Agee & Crocker, 2007). As discussed earlier, age may matter as well, although this 
relationship is less developed for older adults than for children. Chestnut et al. (2012) found 
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that WTP to avoid a fatal heart attack was weakly increasing with age, with no evidence of 
lower WTP for older adults compared to middle-aged adults. Huang, Andersson, and Zhang 
(2018) found a flat VSL-age relationship for reducing the health effects of air pollution.

Respondent understanding of what they are being asked to value is also important in valuing 
respiratory and cardiovascular effects. WTP may vary based on the severity and duration of 
illness as well as on study participant income and education (Vassanadumrongdee, Matsuoka, 
& Shirakawa, 2004). However, participating in a cardiovascular disease prevention program 
and becoming more educated on the effects of cardiovascular disease had no effect on WTP to 
prevent cardiovascular disease, even for highly educated adults (Jacobs, Drost, Ament, Evers, 
& Claes, 2011).

Income effects may also cause variation at the country level in the valuation of respiratory and 
cardiovascular diseases. Studies in China have found willingness to pay to avoid air pollution- 
related colds, chronic bronchitis, and fatalities between one-fifth and one-thousandth of the 
size of estimates for the United States and Taiwan (Alberini & Krupnick, 2000; Hammitt & 
Zhou, 2006; Huang et al., 2018; Mead & Brajer, 2005; Wang & Mullahy, 2006). However, in 
their study of respiratory illness in Thailand, Chestnut, Ostro, and Vichit-Vadakan (1997) 
found that WTP is greater than the prediction from adjusting U.S. estimates for national 
income. There may also be significant cross-country differences related to respondent 
environmental concern and confidence in government that result in disparate WTP to reduce 
air-pollution-induced heart attack and asthma risk in the United Kingdom, Finland, Germany, 
the Netherlands, and Spain (Istamto, Houthuijs, & Lebret, 2014).

Gastrointestinal Illness

Unsafe drinking water poses the risk of gastrointestinal illness. Several studies have 
attempted to value avoiding gastrointestinal illness for benefits calculations in drinking water 
policy. In the United States, respondents were willing to pay about $260 (2019 USD) to avoid 
an annual 1/20 risk of symptoms including nausea, vomiting, diarrhea, and fever, lasting 
between 2 and 14 days (Viscusi, Huber, & Bell, 2012). Other studies have measured WTP for 
sewage cleanup to avoid waterborne illnesses in the United Kingdom, Portugal, and Costa 
Rica, but have had difficulty transferring WTP between countries, even when adjusting for 
income or other sociodemographic variables (Barton & Mourato, 2003; Georgiou, Langford, 
Bateman, & Turner, 1998).

An interesting tradeoff is between microbial gastrointestinal and cancer morbidity and 
mortality risks. Most water treatment plants use chlorine as an inexpensive way to kill fatal 
and nonfatal gastrointestinal illness-causing microbes. However, chlorine by-products have 
been linked to bladder cancer. Studies in Canada and Taiwan have found that nonfatal illness 
from contaminated drinking water is generally valued much less than cancer or respiratory 
illness (Adamowicz, Dupont, Krupnick, & Zhang, 2011; Hammitt & Lui, 2004). However, at 
least one study has found that avoiding death by gastrointestinal disease may actually be 
valued slightly more than avoiding death from bladder cancer, which has potential 
implications for water treatment policy (Adamowicz et al., 2011).
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Morbidity Valuation Generally

Cameron (2014) proposes an overarching goal of future morbidity valuation research: 
estimating decontextualized WTP for illnesses described in terms of generic attributes. This 
approach would allow estimation of WTP for environmental illnesses for which there is no 
existing study that provides illness-specific valuation. In health economics, the quality- 
adjusted life year (QALY) is one approach to reduce an arbitrary, high-dimensional, current 
health description to a one-dimensional metric that can be compared and aggregated across 
different illnesses. This is then combined with the number of life years spent in that state. 
Unfortunately, while QALYs represent a possible way to combine multiple health state 
dimensions into a single measure, they are probably not compatible with the direct 
comparisons grounded in society’s willingness to pay for the environmental risk reduction. 
Some QALY measures are not derived from valuation of risk lotteries but instead are based on 
a quantitative scoring of health outcomes that may not be tied to an underlying economic 
theory. The decision context of QALY measures often involves allocating resources among 
people who are already sick, meaning there is no reason to consider the risk of acquiring the 
illness at some future time. Procedures for estimating QALYs usually ignore disease latency 
when the scenarios concern a currently actually or hypothetically sick person. Rates of time 
preference with respect to future health and future income remain an important area for 
research generally.

To better reflect health risks relevant to environmental policymaking, Cameron and DeShazo 
(2013) presented respondents with the opportunity to purchase an intervention to reduce 
their chance of suffering a future illness profile. The survey characterized the health threats 
by likely age of onset, duration of illness, time spent in remission, and age of death, allowing 
estimation of WTP to reduce risks for many different prospective illness profiles. In a similar 
attempt to value human health risk reductions for different age groups, Gerking, Dickie, and 
Veronesi (2014) found that parents viewed morbidity risk and conditional mortality risk of skin 
cancer and leukemia as perfect substitutes for their children, meaning that total benefits of 
reduced health risks for children can be entirely captured by marginal WTP to reduce 
unconditional mortality risk.

The public versus private good distinction that influences studies regarding cancer risks also 
arises more generally with respect to environmental policies, which usually produce public 
goods. This public goods aspect creates an inherent redistributive aspect—the people paying 
for the policy are not necessarily those benefiting from it. The extent of altruism may be 
limited, as there may be a gap between people’s WTP to reduce risks to themselves or their 
own family members and to reduce risks to other unknown people. In a stated preference 
experiment, Hurley and Mentzakis (2013) find substantial variation in WTP for treatment of 
individuals based on their relationship to the respondent, in addition to other beneficiary 
characteristics. Similarly, Bosworth, Cameron, and DeShazo (2015) found that self-interest, 
measured by the policy benefit to self or family, is a very strong predictor of support for 
different types of public health policies. Findings that people would rather have tax dollars 
spent to benefit themselves than only to benefit other people are unsurprising but should be 
considered when using valuations based on private WTP in public policy.
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Conclusion

The purpose of this article has been to provide a concise but broad-reaching overview of the 
concept of economically valuing reduced exposure to environmental health risks. Valuation of 
these risks informs public policy and identifies desirable tradeoffs between health risk 
reductions and other goods and services that people value. It is important to note that we are 
always valuing reduction in statistical risk, not certainty of any individual’s death or health 
status change.

The empirical approaches to valuing environmental health risks—revealed preference and 
stated preference methods—have advantages and disadvantages. Revealed preference 
methods are based on actual market decisions, but no market data are available to estimate 
many environmental risks. Stated preference methods allow more flexibility in what 
respondents are asked to value, but they suffer from more complicated challenges of design 
and incentive compatibility. Stated preference studies have improved over time, with more 
detailed explanations of the environmental good being valued and the inclusion of rationality 
and internal consistency checks, which may allay some concerns.

Mortality risk reductions comprise the bulk of the benefits of environmental health benefit 
valuation in the United States and most other countries. The VSL quantifies the benefit of 
reducing the risk of fatalities and is measured through both revealed and stated preference 
methods. There is possible heterogeneity in the VSL based on individual and population 
characteristics, including age and income, and governments account for these differences to 
varying extents. There also may be heterogeneity based on the type of risk and the severity of 
morbidity effects before death. There is mixed evidence on the appropriateness of including a 
VSL premium when the mortality risk being evaluated is cancer.

Morbidity effects unaccompanied by eventual death are also potentially important 
contributors to environmental health benefits. This article has provided an overview of the 
literatures valuing respiratory, cardiovascular, and gastrointestinal illness and highlighted 
potential age-related and cross-country differences in these fields. No gold standard yet exists 
for valuing environmental health morbidity risks, but there are some best practices for 
attempting to create a decontextualized morbidity measure. Future research will continue to 
refine these estimates to capture the heterogeneity in valuations based on the characteristics 
of the health outcome and differences in preferences across countries.
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