Private Values of Risk Tradeoffs at Superfund Sites: Housing Market Evidence on Learning
about Risk
Author(s): Ted Gayer, James T. Hamilton and W. Kip Viscusi
Reviewed work(s):
Source: The Review of Economics and Statistics, Vol. 82, No. 3 (Aug., 2000), pp. 439-451
Published by: The MIT Press
Stable URL: http://www.jstor.org/stable/2646804 .
Accessed: 16/08/2012 12:52
Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at .
http://www.jstor.org/page/info/about/policies/terms.jsp

.
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

.

The MIT Press is collaborating with JSTOR to digitize, preserve and extend access to The Review of
Economics and Statistics.

http://www.jstor.org

PRIVATE VALUES OF RISK TRADEOFFS AT SUPERFUND SITES:
HOUSING MARKET EVIDENCE ON LEARNING ABOUT RISK
Ted Gayer,JamesT. Hamilton,and W. Kip Viscusi*
Abstract-This paper incorporatesa Bayesian learning model into a
hedonicframeworkto estimatethe valuethatresidentsplace on avoiding
cancerrisksfromhazardous-waste
sites.Weshowthatresidentsarewilling
to pay to avoid cancer risks from Superfundsites before the U.S.
Environmental
ProtectionAgency(EPA)releasesits assessment(knownas
the RemedialInvestigation)of the site. Residents'willingnessto pay to
avoidrisksactuallydecreasesafterthe releaseof the RemedialInvestigation, suggestingthatthe informationlowers the perceivedlevels of risk.
This estimatedwillingness to pay implies a statisticalvalue of cancer
similarto the value-of-lifeestimatesin labormarketstudies.

I.

Introduction

W>,
tHEN askedto evaluatethe severityof environmental
hazards, people often rank hazardous-waste sites as a
top environmental threat.In answering a similar question, an
Environmental Protection Agency (EPA) expert panel characterized hazardous-waste sites as only a low-to-medium
threat to the public.' The same disparity in risk rankings is
evident in the McClelland, Schulze, and Hurd (1990) survey
of health-risk beliefs of residents near a landfill, which finds
that the residents' assessments of the risk were much higher
than the assessments of experts.
These studies suggest that the public overestimates cancer
risks from hazardous-waste sites, which would be consistent
with evidence that people overestimate low-probability
events. This overreaction to risk may generate pressure on
the EPA to undertakeexpensive site remediations through its
Superfundprogram.In addition,residents surroundingSuperfund sites may prefer more ambitious and, consequently,
more costly remediations, because costs are spread across
taxpayers and consumers. Viscusi and Hamilton (1996) find
that the median cleanup cost per case of cancer prevented by
the Superfund program exceeds one billion dollars per
expected cancer case avoided, which places it among the
most expensive government programs for reducing risk.
To assess properly the benefits of cleaning up Superfund
toxic-waste sites, one must distinguish between the private
values that residents place on risk reduction and the values
of risk reduction expressed publicly in surveys or implied in
regulatory decisions. For this article, we have constructed a
large risk and housing price data set for a local market using
the choices people make in the greater Grand Rapids,
Michigan, housing market. These data enable us to assess
the value residents place on hazardous-waste risk reduction
in their private decisions. By relying on market data instead
of survey data, our results control for the incentive that

ReceivedforpublicationMay2, 1997.Revisionacceptedforpublication
July7, 1999.
* GeorgetownUniversityandUniversityof Californiaat Berkeley,Duke
University,andHarvardUniversity,respectively.
I See the U.S. EPA Report (1987) for a summaryof the survey
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residents have to press for stringent cleanups when others'
money is being spent on risk remediation. Political pressures
do appear to be consequential in driving cleanup decisions,
as Viscusi and Hamilton (1999) find that the level of the
EPA's remediation efforts is responsive to measures of the
political participationof the surroundingcommunity.
The greater Grand Rapids area contains seven Superfund
toxic-waste sites. We formulate residents' assessments of
cancer risk from these sites as a Bayesian process of
updating prior assessments with infolrmationobtained from
the EPA's assessment of site risks (contained in the site
Remedial Investigation report) and from the local media.
Using a composite measure of risk from the Superfund sites,
we estimate the implicit value people place on risk reduction
through the effect of risk on housing values. Our hypothesis
is that residents demonstrate a willingness to pay for risk
reduction even before the EPA releases its site Remedial
Investigation. We also hypothesize that the EPA's release of
the Remedial Investigation alters households' risk beliefs,
resulting in a change in the effect of risk on housing values.
Estimation of the marginal effect of cancer risk on
housing prices can generate an implied value of averting a
statistical cancer. Portney (1981) was the first researcher to
publish estimates of the value of life using a hedonic
property model. He coupled the estimate of the price
gradient with respect to total dustfall (obtained from a study
on Allegheny County, Pennsylvania) with a separate EPA
study that related total particulate concentration to mortality
rates. By linking these studies, he demonstratedthat the ratio
of these two estimates is a measure of the statistical value of
life, which he found to be $300,000 (1996 dollars).
We find that, before residents receive the risk information
provided by the EPA's Remedial Investigation, their estimated value of a statistical cancer case is much higher than
the value-of-life estimates found in job market studies. This
result is consistent with broader evidence on risk-perception
biases, which demonstrates that people tend to overestimate
low-probability risks (Lichtenstein et al., 1978; Tversky &
Kahneman, 1982). This overreaction can lead to a higher
willingness to pay for a risk reduction.
After the release of the EPA's Remedial Investigation,
residents update their risk perceptions. The postinformation
estimated value of a statistical cancer case is similar to the
value-of-life estimates found in previous labor market
studies. Once residents are properly informed of the risks,
their choices made in the greater Grand Rapids housing
market indicate a value of hazardous-waste risk similar to
the values of risk faced in other settings. This similarity
between the risk-money tradeoff for avoiding hazardouswaste risks and the tradeoffs for job risks suggests that there
is no evidence that consumers are overreacting to the
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hazardous-waste risks in their private decisions after the
release of the EPA's Remedial Investigation.2 Additionally,
even before the release of the EPA's Remedial Investigation,
residents' implied risk-money tradeoff is several orders of
magnitude lower than regulatory expenditures per cancer
case averted in the Superfund program. Thus, although
surveys demonstrate that people express a high willingness
to spend public funds on Supeifund risk reduction, our
results demonstrate that residents are much less willing to
spend their own funds on risk reduction.
In section II, we model residents'perceptionsof hazardouswaste site risks as a Bayesian learning process and link this
model to a hedonic framework, which is tested by using the
data described in section III. In section IV, we describe the
results of different empirical specifications, which are used
in section V to analyze reactions to site risks. In section VI,
we offer conclusions about current assessments of individuals' reactions to Superfund site risks.

these sources within the local real estate market can
influence perceptions even among those who have not read
site documents or specific media coverage. The risk implied
by the Remedial Investigation has the informational content
denoted as to, and the risk implied by the news media has the
informational content denoted as Ko. For simplicity, we treat
'po,to, and Ko as given parametersand focus only on the risk
levels p, q, and r.4
The cancer risk-perception function takes the form
(poP

7r(p, q, r)

=

toq

+

'9P+ (o +

Kor

K0

By denoting the fraction of the total informational content
associated with each information source as
Po
(P0 + t

II.

+

(P(1)

o
+ Ko

P0 + to + Ko

Theoretical Model

and

A. TheHedonic Model
We formulate individuals' subjective perceptions of the
risk of cancer (ar) arising from hazardous-waste risks as a
Bayesian learning process. People are assumed to update
their prior probability assessment of site risks based on
information provided by the EPA's Remedial Investigation
and by local publicity. Our learning model uses a beta
distribution to characterize this Bayesian process.3 This
distribution is quite flexible and can assume a wide variety
of skewed and symmetric shapes.
Individuals have a prior cancer risk assessment of p,
which has associated informationalcontent, 'po.The information weight, 'po, measures the precision of the prior risk
assessment. It is equivalent to observing 'podraws from a
Bernoulli urn in which a fraction,p, is occurrences of cancer.
Our conjecture is that this prior probability is a function of
the actual risks from the Superfund sites. People form their
priors based in part on the observable characteristics of the
site, past EPA involvement with the site, and local knowledge and perceptions of site hazards. People update their risk
perceptions taking into account the probability, q, which is
implied by information provided by the EPA's Remedial
Investigation. The information provided by the EPA may
serve as good news or as bad news; thus, q may be less than
or greater than p. People also update their risk perceptions
taking into account the probability, r, which is implied by
information provided by the news media. Note that residents
need not read the Remedial Investigation individually or
consume each media article to be influenced by these
information sources. The diffusion of information from
2 Note thatthecomparisonis betweenvaluesplacedon mortalityriskand
valuesplacedon cancerrisk,in whichtype of cancer,latencyperiod,and
probabilityof deathareconsiderations.
3 Viscusi
of the
(1979) introducedthis particularreparameterization
Bayesianlearningmodelwitha betadistribution.

Ko
K=

(

+ t

+ K'

the risk-perception function is rewritten as
T(p, q, r) = p

+ (q+

Kr.

(2)

While the underlying hypothesis is that of a rational
Bayesian learning model, other learning models may also be
consistent with this linearly weighted average formulation.
Our use of the Bayesian approach gives us a concrete
economic interpretation of the coefficients, but it does not
test explicitly whether people are Bayesians, as opposed to
adhering to other learning frameworks in which a variety of
sources of risk information may alter risk judgments.
Individuals maximize expected utility over two states of
the world, with U1 representing utility in the sick (cancer)
state and U2 representing utility in the healthy (non-cancer)
state. We assume for any given level of income that people
prefer being healthy (U2> U1), that utility functions within
states are risk-neutral or risk-averse, and that the marginal
utility of income is greaterwhen healthy. Utility in each state
is a function of a vector of characteristics of the house, z, a
composite good, x, and the visual disamenities of the site, s.5
The consumer purchases one house at price h, which is a
function of housing characteristics, risk perceptions, and the
Superfund visual disamenities. The consumer's income is y.
Accounting for the separate health and visual aesthetic
effects of Superfund sites yields a model in which consum4 We assumethatthe probabilitiesp, q, and r reflectthe risks that are
impliedby a series of independentdrawsfrom the same Bernoulliurn,
which reflects the risks from hazardouswaste. Although these are
independentsourcesof information,the risks impliedwill be related,as
they all reflect the dangers of the same waste site. The overlapping
informationcase can also yield an additivelinearform,butthe interpretation of the weightsdiffers(Zeckhauser,1971).
S We assumethatonly the closestsite contributes
visualdisamenities.
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ers maximizeexpectedutilityas follows:

orthogonality conditions must be met to identify the equations. Bartik (1988) and Palmquist (1992) demonstrated
Max V = rr(p, q, r)U1(x, z, s)
that, for local disamenities (such as Superfund sites), the
slope of the hedonic price function is an approximate
+ [1 Tr(p,q, r)]U2(x, z, s)
measure of the willingness to pay for a nonmarginalchange.
The impact of the release of the Remedial Investigation
subjectto
on perceptions enters the hedonic price analysis by a
y = x + h(z, i(p, q, r), s).
(4) comparison of the price gradients before (ahlap) and after
(ahl/tr) the EPA releases the Remedial Investigation. The
Bayesian
model suggests that people will demonstrate
By construction,consumerrisk perceptions,'rr(p,q, r),
different
possibly
willingness to pay for risk reduction
will be an increasing function of p and q (that is, to/
before and after the release of the Remedial Investigation. A
(Po + to + Ko) > 0, pd('Poo + to + Ko) > 0). Therefore,the
equilibriumconditionsfor the effect of higherinformational comparison of these gradients indicates whether the willingrisk values, p and q, on housing prices, and the expected ness to pay for lisk reduction increases or decreases given
the information provided by the EPA's Remedial Investigasigns are
tion. If the information in the Remedial Investigation raises
residents'
perceptions of risk, then we would expect an
a'JT
in
increase
willingness to pay for risk reduction. If the
Ah (U1 U2)-~~~aq
Remedial Investigation information indicates that the site is
<0
=and
not as hazardous as previously perceived, then we would
aU1
aq
aU2
- + (1Ir
r)
expect a decrease in willingness to pay for risk reduction.
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As first presentedby Rosen (1974), the hedonic price
functionreflectsthe locus of tangenciesbetween the offer
and bid curves. The marginalprice is equivalentto the
marginalwillingnessto pay for an incrementaldecreasein
objective risk. Therefore,one can compute the welfare
effects of a marginalchangein objectiveriskfromthe price
gradient.
To estimatethe welfareeffectsof a nonmarginalchangein
a characteristic,we wouldneed to know the willingness-topay function. The endogeneity of marginal prices and
quantities limits the use of instrumentalvariables in a
two-stage estimationof willingness-to-pay.Bartik (1987)
suggested using data from multiple marketsin order to
estimatethe structuralequations.6However,Epple (1987)
showed that-even using multiple markets-very strong

B. TheEmpiricalSpecification
We estimate the hedonic price function using the conventional practice of postulating the independent variable, the
log of housing price adjusted for inflation (ln Price), as a
function of a vector of structuralvariables (Structural) and a
vector of neighborhood variables (Neighborhood).7 These
structuraland neighborhood variables measure the characteristics of the house, which were denoted as z in the theoretical
model. The empirical model also includes measures of the
overall level of the environmental condition of the neighborhood. These measures are the number of other environmental disamenities within 0.25 mile from the house (Sites1),
between 0.25 and 0.5 mile from the house (Sites2), between
0.5 and 0.75 mile from the house (Sites3), and between 0.75
and 1.0 mile from the house (Sites4). Prices are also a
function of the Superfund aesthetic disamenities (Visual),
which were denoted as s in the theoretical model. The
empirical model also controls for fixed time effects and city
effects by using dummy variables indicating the year of the
sale (denoted with a subscript t = 1, . .. , 5) and the city
location of the house (denoted with a subscripti = 1, ... , 4).8
A furtherenhancement, as outlined in the theoretical model,
is that the model includes the role of risk from Superfund
sites. The semilogarithmic form of the hedonic price function is expressed as
In Price = ot + rStructural + yNeighborhood
+ piCityi + T,Year,+ tlSitesl + **-

(7)

+ O4Sites4+ -jVisual + &rr(p,q, r) + u.
6 Thisapproach
resultsin identifiedstructural
equationsonly if consumer
preferencesare assumedto be the same across markets,while the price
functionis assumedto differdue to differencesin the matchingprocess
7See Bartik and Smith (1987) for a review.
(Kahn & Lang, 1988). It is difficult to assume that preferencesare
8The omitted city dummy variable is for Grand Rapids, and the omitted
homogeneousacrosshousingmarkets.
annual dummy variable is for 1988.
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risk assessment applied to sites to determine if the site
should be designated a Superfund site. We first examine the
effects of these variables on housing prices, and then we
examine the effect of the actual risk on housing prices before
ln Price = cx + r3Structural
and after the release of the Remedial Investigation. For the
latter
analysis, we assume that people use the observable risk
+ yNeighborhood+ piCityi + TtYeart (8)
factors available prior to the Remedial Investigation in order
+ O1Sitesl +
+ ;4Sites + Visual
to form accurate risk judgments. We then test whether the
+ 81P + 82q + 83r + u,
Remedial Investigation provides new information, resulting
in people updating their perceptions. This allows us to
where81 = p, 82 = bt, and 83 = 8K. As mentionedin the estimate the statistical value of cancer before and after the
previous subsection, the prior and updatedprobabilities have release of the Remedial Investigation.
In order to justify using the objective risk as a proxy for
a negative effect on housing values. The relative impact of
the prior probability compared to the updated probability is the prior perceptions, we test whether the prior risk indica81/82 = p/t = po/to. Thus, the regression estimates indicate tors serve as reasonable predictors of the objective risk. We
the effect of risk on housing prices and the change in the regress the objective risk level against the area of the closest
magnitude of this effect after the release of the Remedial site, the ranking of the closest site on the National Priorities
List, the elapsed time since the closest site was placed on the
Investigation.
We operationalize the values of p, q, and r in the following National Priorities List, and the type of site. For robustness,
manner. In the case of perceived cancer risk arising from we run an alternativefunctional form that includes a variable
Superfund sites, the prior probability,p, is characterized by that interacts the distance measure and the NPL ranking, and
the information known to the residents before the EPA's another variable that interacts the distance measure and the
release of their Remedial Investigation.9 In capturing the type of site. The results suggest that the objective risk is a
prior probability, p, we follow two approaches. In one reasonable approximation of households' prior risk percepapproach, we set this value in the pre-Remedial Investiga- tions. 10
Because the objective risk level is a reasonable approximation release period equal to the objective risk level subsequently revealed in the EPA study. This approach assumes tion of prior probability, we can estimate the dollar value
that people use observable information on risk to form that people place on a reduction in Superfundrisk before the
accurate risk judgments in much the same manner that release of the Remedial Investigation. We then test whether
hedonic wage studies assume that workers are aware of the value of the risk reduction changes after the release of
Bureau of Labor Statistics objective risk measures. In a the information provided in the Remedial Investigation. Our
second approach, we examine the explicit influence of the conjecture is that people tend to overestimate the prior risk
observable risk factors that could potentially affect people's before the release of the EPA's Remedial Investigation.
prior beliefs. Although it will not be possible to construct a People then update their risk perceptions after the release of
pre-Remedial Investigation implicit value of cancer in this
10The equation results are as follows (with t-statistics in parentheses):
instance, it will be possible to assess whether the influence
of these prior observable risk factors are in the expected
- 0.012Area of Site - 0.006NPLRanking
1) InRisk =-7.424
direction and whether the post-Remedial Investigation
(116.1) (18.1)
(50.4)
tradeoffs reflect plausible values per expected cancer case.
- 0.013Months Since NPL - 1.71lDistance - 0.031Type of Site,
The prior information available to residents includes the
(27.5)
(133.5)
(0.7)
area of the closest Superfund site, the ranking of the closest
Adj.R2 = 0.6062, FStatistic = 5213.168.
site on the EPA'sNational Priorities List (which, for all sites,
occurred before the housing sales examined in this study),
the elapsed time since the closest Superfund site was placed 2) InRisk= - 8.174 - 0.013AreaofSite - 0.004NPLRanking
(68.4) (19.0)
(19.3)
on the National Priorities List, and the type of site (such as,
- 0.013MonthsSince NPL - 1.294Distance - 0.516TypeofSite
landfill versus industrial chemical plant). A site receives a
(27.8)
(25.3)
(7.9)
National Priorities List ranking according to its score on the
.OO1(Distance*NPLRanking)+0.274(Distance*Typeof Site),
Hazardous Ranking System (HRS), which is a preliminary
If we expand the risk-learning model and recognize the
components of risk beliefs wrfrom equation (2), we can
rewrite the hedonic price function as

.

(10.9)
9 Sites placed on the NationalPrioritiesList (NPL) qualifyfor federal
remediationfunds. NPL sites undergo a site characterizationprocess
knownas the RemedialInvestigationand FeasibilityStudy(RI/FS).The
RI/FS contains a baseline risk assessmentand provides regional EPA
decision-makerswith a quantitativeassessmentof humanhealthrisk at a
site, a descriptionof remedialaction objectives,and an analysisof the
alternativesproposedto reachtheseobjectives.Afterevaluatingan RI/FS,
the EPAselects a remedialactionand then documentsthe reasonsfor its
selectionin the Recordof Decision.

(10.2)

Adj.R2= 0.6121, F Statistic = 3816.704.

For bothequations,all the coefficientestimatesare significantlydifferent
fromzeroat the 1%level, exceptfor the coefficientestimateon thetypeof
site in the firstequation,whichis not significantlydifferentfromzero.As
expected,Risk decreaseswiththetimesincea site'splacementon theNPL,
thedistanceto theclosestsite,andtheNPLranking.Risk also decreasesfor
largersites, which suggests that houses surroundingthese sites may be
fartherfromsourcesof contamination
at the sites.
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the Remedial Investigation. An additional updating of risk
perceptions occurs after receiving the newspaper publicity
about all the Superfund sites in the greater Grand Rapids
area."l
We use the distance to the closest Superfund site as a
proxy for the visual disamenities of the site.12We incorporate into the hedonic price function the variables that serve
as indicators of the actual risk before the release of the EPA
information. We also include a variable measuring the
publicity surroundingthe sites, along with a dummy variable
indicating if the house was sold after the release of the EPA's
Remedial Investigation. Additionally, we include a measure
of the actual risk for those houses sold after the release of the
Remedial Investigation (that is, we interact the actual risk
with a dummy variable indicating if the house was sold after
the Remedial Investigation). The first hedonic price function
to be estimated is
ln Price = of + rStructural + yNeighborhood
+ PiCityi + T,Year,+ t,Sites,

+ **-

+ 44Sites4+ qDistance + w1Area
+ w2NPL + W3Type+ o4NPLTime
+ -y2News+ OlAfter+ 02(After X Risk)
+ U,

where Distance is the distance from the house to the closest
Superfund site,
Area is the area of the closest Superfund site,
NPL is the National Priorities List ranking of the closest
Superfund site,
Type describes what type of operations occurred at the
closest Superfund site,
NPLTime is the number of months since the closest
Superfund site was placed on the NPL,
News is the number of words printed in the Grand Rapids
Press about all the Superfundsites in the year previous to the
sale of the house,
11Otherstudieshave consideredthe effect thatinformationhas on the
hedonicgradient,althoughnot in a Bayesianframework.Kohlhase(1991)
foundthata positiverelationshipbetweendistanceto the closest site and
the priceof the houseoccurredonly afterthe site was placedon the EPA's
NationalPrioritiesList. MichaelsandSmith(1990) foundthat,for certain
submarkets,the price-distancegradient changes slope depending on
whether the house was sold within six months of the discovery of
hazardouswaste at the closest site. Kiel and McClain(1995) found no
price-distancerelationshipbefore the constructionof an incinerator,
despite rumorsof its imminentconstruction.However, they found a
positiveprice-distancerelationshipduringtheconstructionphase,andalso
throughoutthe durationof the operationof the incinerator.
12 Most previoushedonicstudieshave used distance(fromthe house to
the disamenity)as a proxy for both the (non-risky)aestheticand (risky)
health effects of the disamenity.Where more than one disamenityis
present,studieshave typicallyused the distanceto the closest site as a
proxy. Michaels and Smith (1990) and Harrison and Stock (1984)
examinedalternativemeasuresof distance.Note that, even though we
control for cancer risks generatedat a site, the difficultyof indexing
non-cancerhealthrisksmeansthatthedistancevariablemayalso reflect,in
part,reactionsto thosehealtheffects.
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After is a dummy variable indicating if the house was sold
after the release of the EPA's Remedial Investigation,
After X Risk is an interaction variable that measures the
objective lifetime excess cancer risk (described in the next
section) from all the sites to those individuals in a house
purchased after the release of the Remedial Investigation,
and the other variables are as defined earlier.
The interaction variable tests whether housing prices react
to the objective level of risk for houses sold after the release
of the Remedial Investigation.
Our conjecture is that, before the release of the Remedial
Investigation, Area, NPL, Type, and NPLTime serve as
indicators to the residents of the actual risks from the sites.
Because this information is correlated with the actual risk
from the sites (see footnote 10), the housing prices should
react to the level of the actual risk before the release of the
Remedial Investigation. We therefore estimate another hedonic equation that replaces the risk indicators with a
measure of the actual risk from the Superfund sites. This
allows us to test the stability of the post-Remedial Investigation Risk coefficient, as well as to obtain an estimate of the
dollar value of a risk reduction before the Remedial Investigation. This specification also includes an interactionterm of
After and Risk to test whether the effect of the actual risk on
housing prices changes after the release of the Remedial
Investigation. This second hedonic price function is
ln Price = of + 3Structural+ yNeighborhood
+ PiCityi + ttYeart + t,Sites,

+ **-

+ t4Sites4 + qDistance + y1Risk

(10)

+ -y2News + OlAfter

+ 02(After X Risk) + u.
Among other things, Distance serves as a proxy for the
visual disamenities associated with the Superfund sites.
News measures the publicity about the Superfund sites and is
thus a measure of the updating information, r. The effect of
this publicity on housing prices is equivalent to the joint
effect of news information on perceptions and perceptions
on prices. (Comparing equations (8) and (10) shows that Y2
is a measure of 83, or the informational weight on media
coverage.) The effect of risk on housing prices before the
release of the Remedial Investigation is equal to the joint
effect of prior risk information on perceptions and perceptions on prices. (Comparing equations (8) and (10)
shows that yi is a measure of 81, or the weight on prior risk
beliefs if these beliefs equal the value of Risk.) The effect of
Risk on housing prices after the release of the Remedial
Investigation is equal to the joint effect of updating risk
information on perceptions and perceptions on prices.
(Comparing equations (8) and (10) shows that yl + 02 is a
measure of 82-)
Household risk perceptions are positively related to the
risk levels associated with prior beliefs and new informa-
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tion, because arr/ap = (p,8rrT/q= i, afr=rr-- K, and 0 < (,
t, K < 1. As indicated in equation (5), the model predicts
these risk levels will have a negative impact on housing
prices. The effect of risk on housing prices before the release
of the Remedial Investigation (as measured by yl) and the
effect of risk on housing prices after the release of the
Remedial Investigation (as measured by Yj + 02) are both
expected to be negative. However, 02 can either be positive
or negative depending on whether the risk analysis indicates
a hazard higher or lower than prior beliefs.
We estimate a separate hedonic equation to determine
whether publicity serves to communicate the risks of the
Superfund sites. If newspaper publicity were correlated with
Risk, the coefficient estimate for Risk would be biased.
Therefore, we estimate a separateequation without the News
variable to check whether this changes the price-riskrelationship. The third hedonic price function estimated is
ln Price = oa+ 3Structural+ yNeighborhood
+ piCityi + ttYeart + ClSites, + * * *
+ qDistance + y,Risk
+ O4Sites4
+ O1After+ 02(After X Risk) + u.

(11)

In addition to measuring public valuations of Superfund
risk, the model also tests whether willingness to pay for risk
reduction is affected by the release of the EPA's Remedial
Investigation. The coefficient on the interaction term estimates the influence that the Remedial Investigation has on
the valuation of the risks of the sites. For equations (10) and
(11), a negative value for 02 would indicate that household
perceptions of cancer risk increased after the release of the
Remedial Investigation, and therefore drove down housing
prices. A positive value for 02 would indicate that residents
perceived the risks as smaller after the release of the
Remedial Investigation, resulting in an increase in housing
prices.
III.

TABLE 1.-DESCRIPTIVE

STATISTICS (N

16,928 HOUSES)

Variable
Price (in 1996 dollars)
Bedrooms (number)
Bathrooms(number)
Fireplaces(number)
Basement (0/1)
Lot size (squarefeet)
Garage(0/1)
Household income (medianin census tract)
Race (proportionblack in census tract)
High school education(proportionin census tract)
Tax (propertytax rate)
Distance to centralbusiness district(in miles)
School quality (% 7th gradersin districtin top
category)
Under 19 (proportionin census tract)
Crimerate (per capitafor city in previousyear)
GrandRapids (0/1)
Grandville(0/1)
Kentwood(0/1)
Walker(0/1)
Wyoming (0/1)
Year88(0/1)
Year89(0/1)
Year9O(0/1)
Year9l (0/1)
Year92(0/1)
Year93(0/1)
Distance (miles to the closest Superfundsite)
Sites, (# of Non-NPL, RCRA, and PCS sites within
0.25 mile)
Sites2 ... . between 0.25 and 0.5 mile)
Sites3 (. . . between 0.5 and 0.75 mile)
Sites4 ... . between 0.75 and 1.0 mile)
Area of the closest Superfundsite (in acres)
National PrioritiesListing rankof the closest Superfund site
Time since closest site was placed on NPL (in
months)
Type of site (1 = landfill,0 = chemical plantor
batteryrepository)
Risk (lifetime excess cancerrisk from Superfund
sites)
After (0/1 if house sold afterthe release of the
RemedialInvestigation)
News (# words of Superfundnewspapercoverage in
last year)

Mean

Standard
Deviation

74,176
17,600
3.01
0.73
1.53
0.60
0.38
0.66
0.79
0.41
10,826
20,856
0.91
0.29
37,914
5,247
0.08
0.13
0.80
0.08
5.75
0.44
3.83
1.74
20.19
0.28
0.08
0.57
0.03
0.11
0.04
0.25
0.16
0.17
0.16
0.16
0.17
0.18
1.90

20.90
0.04
0.02
0.50
0.17
0.31
0.21
0.43
0.37
0.38
0.37
0.36
0.37
0.38
0.93

0.07
0.39
0.76
1.19
22.52

0.34
0.83
1.25
1.60
38.01

519.61

138.40

57.06

30.91

0.32

0.47

1.81E-06

2.16E-05

0.38

0.49

4,192

1,621

Data Description

For our analysis, we constructed a sample of housing
prices for 16,928 houses sold in the greater Grand Rapids
area between January 1, 1988, and December 31, 1993. (The
greater Grand Rapids area consists of the cities of Grand
Rapids, Walker,Wyoming, Kentwood, and Grandville.) The
area is ideal for a hedonic analysis of Superfundrisk because
it is a local market that contains seven Superfund sites, only
one of which does not have quantitative EPA risk data.13A
local housing market with numerous Superfund sites enhances the analysis because of a heterogeneity of risk among
the households, yet there are few extraneous sites that can
contaminate the analysis by contributing unmeasuredrisk to
the households. The housing-price offer curves will also be
13 The Spartansite containsonly a qualitativeanalysis,which does not
containpathwayriskestimates.

more similar within a local market than if a national data set
were used.
The price and structural data come from the Multiple
Listing Service of the Grand Rapids Society of Realtors.
Additionally, a Geographic Information System (GIS) analysis determined the longitude and latitude coordinates of the
houses and computed the distances of each house to the
neighborhood Superfund sites. Using GIS technology, we
also linked each house to the demographic data of its census
tract, city, and school district. Table 1 presents the descriptive statistics for the variables used in the analysis.
The mean housing sale prices for each year was $60,196
for 1988, $64,436 for 1989, $68,082 for 1990, $68,983 for
1991, $70,507 for 1992, and $72,812 for 1993. The mean
housing price in 1996 dollars for the entire sample is
$74,176. Of the sample of 16,957 housing transactions,
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16.3% occurred in 1988, 17.2% occurred in 1989, 16.5%
occurred in 1990, 15.7% occurred in 1991, 16.8% occurred
in 1992, and 17.4% occurred in 1993. The structural
variables include the number of bedrooms, the number of
bathrooms, the number of fireplaces, whether there is a
basement, the size of the lot in square feet, and whether there
is a garage. The neighborhood variables include the median
household income in the census tract, the proportion of
blacks in the census tract, the proportion of people with a
high school education in the census tract, the property tax
rate, the distance to the central business district, the percentage of seventh-graders in the school district who scored in
the highest category for the Michigan reading assessment
test, the proportion of people in the census tract under the
age of nineteen, and the per capita crime rate for the city in
the previous year. The estimation utilizes a fixed-effects
model, including annual dumnmyvariables as well as city
dummy variables.
The environmental variables include the measure of the
distance to the closest Superfund site. Although distance of
the house to the closest site is also correlated with health
risks from the site, we assume it is a proxy for the Superfund
aesthetic disamenities. Additionally, four variables (Sites1,
Sites2, SiteS3, and Sites4) serve as proxies for the overall
quality of the environment within the vicinity of the house.
These variables measure the sum of the non-NPL CERCLA
sites (sites that are not on the NPL but fall under the
Comprehensive, Environmental Response, Compensation,
and Liability Act of 1980), RCRA sites (sites that fall under
the Resource Conservation and Recovery Act), and PCS
water-pollution sites (sites monitored by the EPA's Permit
Compliance System) within quarter-mile rings around the
house.14 These quarter-mile lings are from 0 to 0.25 mile,
0.25 to 0.5 mile, 0.5 to 0.75 mile, and 0.75 to 1 mile from the
house.
We also include variables that serve as prior indicators for
the risks from the Superfund sites. These variables measure
the area (in square acres) of the closest site, the NPL ranking
of the closest site, the number of months since the placing of
the closest site on the NPL, and a dummy variable that is 1 if
the closest site were a landfill and 0 if it were an industrial
chemical plant or battery repository.
The risk variables measure both the objective excess
cancer risks to the household and the timing of the release of
this information with respect to the sale of the house.15We
measure the objective cancer risk by aggregating the soil and
groundwaterpathway risk estimates and coupling them with
14
CERCLA and RCRA data are maintained by the EPA's Office of Solid
Waste and Emergency Response. PCS tracks the National Pollutant
Discharge Elimination System program under the Clean WaterAct.
15 We examine only cancer risk. For noncarcinogenic risk, the EPA's
assessment entails computing the ratio of a chemical's calculated exposure
intake to its reference dose, the level of exposure thought to be without
appreciable risk of non-cancer effects. A ratio above 1 for a chemical
triggers greater scrutiny. Because non-cancer risk varies in its severity
(such as, from skin rashes to reproductive damage), there is no way to
summarize accurately the aggregate non-cancer risk arising from multiple
chemicals at a given site.
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dilution estimates. We standardize the pathway definitions
used in the EPA's risk assessments of the Superfund sites.
Additionally, we use the mean exposure and chemical
concentration levels in order to determine the cancer risk at
each site. 16
To compute the cancer risk to each household in the
greater Grand Rapids area, we couple the site risk assessments with dilution estimates for soil and groundwater
exposure. Soil dilution estimates come from EPA guidelines
and are a function of the distances to the sites. To estimate
groundwaterdilution, we use maps of plumes to estimate the
probability that a house is located above a contaminated
plume. For each block group, we use data from the U.S.
Bureau of the Census to determine the proportion of
households that draw their water from groundwater.17 Multiplying the probability of being above a contaminated plume
by the probability that the house receives its drinking water
from a well results in an estimate for groundwaterexposure
dilution. The household cancer risk from each site is the
product of the soil cancer risk and the soil dilution estimate,
plus the product of the groundwater cancer risk and the
groundwater dilution estimate. Summing the cancer risk
from each of the Superfund sites results in the total lifetime
excess cancer risk to the household. The mean cancer risk to
an individual in a household is 1.8 1E-06.18
We do not assume that individuals living near a site can
state with precision the numbers calculated in our objective
risk measure. The risk measure is meant to reflect a
consistently developed point estimate of cancer risks based
on risk-assessment assumptions consistent with EPA practices. To the extent that residents' assessments of site risks
are related to the underlying magnitude of hazards as
measured in cancer-risk assessments, we expect housing
prices to react negatively to the risk measure.
A dummy variable measures the timing of the risk
information. This variable has a value of 1 if the house was
sold after the EPA released its Remedial Investigation and
Feasibility Study (RI/FS) for the closest site, and 0 if it was
sold before this release. We use press coverage in the Grand
Rapids Press, which serves the entire greater Grand Rapids
area, as the publicity measure. The publicity variable is the
total number of printed words in articles about the local
Superfund sites within the year before the sale of the house.
IV.

Empirical Results

Table 2 presents the ordinary least-squares estimates of
the hedonic price function, and the three equations correspond to equations (9), (10), and (11). Along with the
structural and neighborhood variables, the specifications
include measures of the environmental quality in the vicinity
16

Hamilton and Viscusi (1999) uses a similar methodology.
Each block group in our data set has approximately 300 houses.
18 The cancer-risk estimate is for an individual residing in the house. EPA
guidance indicates that a site risk greater than l.OE-04 generally warrants
action and that a site risk between l.OE-04 and l.OE-06 is allowed
discretion in the remediation consideration. The household risk used in this
paper couples the site risk estimates with dilution estimates.
17
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TABLE2.-REGRESSION RESULTSFORTHESEMI-LOGHEDONICPRICEFUNCTION
Equation (2)

Equation (1)
Variables

Coefficient

Intercept
Bedrooms
Bathrooms
Fireplaces
Basement
Lot Size
Garage
Household income
Race
High school education
Tax
Distance to CBD
School quality
Under 19
Crime rate
Grandville
Kentwood
Walker
Wyoming
Year89
Year90
Year9l
Year92
Year93
Sites,
Sites2
Sites3
Sites4
Distance
After
Risk
After X risk
Area of site
Type of site
NPL ranking
Months since NPL
News

10.256a
0.048a
0.168a
0.087a
0.017a
1.49E-06a
0.103a
8.82E-06a
-0.093a
0.435a
-0.082a
0.051a
1.lOE-04
-1.030a
-0.560
-0.020
-0.148a
-0.145a
-0.096a
0.032a
0.044a
0.024
-0.005
-0.043b
-0.021a
-0.011a
0.001
0.004a
0.014a
-0.006

(56.14)
(22.57)
(60.11)
(36.84)
(4.74)
(21.43)
(20.95)
(16.14)
(5.84)
(12.65)
(2.93)
(23.33)
(0.38)
(22.77)
(1.22)
(0.64)
(4.20)
(2.81)
(3.92)
(4.10)
(3.81)
(1.11)
(0.21)
(2.01)
(4.83)
(5.29)
(0.96)
(3.70)
(7.70)
(1.12)

139.135b
-0.001a
0.095a
-1.62E-04a
0.OOla
-2.51E-06b

(2.13)
(11.62)
(15.03)
(7.08)
(9.27)
(2.46)

Adj. R2 = 0.6703
N= 16,928

Coefficient

t-stat

10.300a
O.050a
0.172a
0.087a
0.013a
1.48E-06a
0.102a
9.85E-06a
-0.125a
0.414a
-0.094a
0.049a
1.86E-05
-1.090a
-0.800c
-0.076b
-0.149a
-0.139a
-0.109a
0.047a
0.074a
0.076a
0.063a
0.037c
-0.020a
-0.009a
0.003c
0.006a
0.012a
-0.012b
1771.214b
1635.245b

-2.31E-06b
Adj. R2 = 0.6649
N= 16,928

Equation (3)
t-stat
(56.15)
(23.69)
(61.10)
(36.77)
(3.75)
(21.15)
(20.59)
(18.45)
(7.92)
(12.59)
(3.34)
(25.08)
(0.07)
(23.83)
(1.72)
(2.37)
(4.18)
(2.69)
(4.45)
(6.02)
(6.63)
(3.54)
(2.69)
(1.86)
(4.60)
(4.55)
(1.85)
(4.96)
(5.93)
(2.26)
(2.27)
(2.09)

Coefficient
10.303a
O.050a
0.172a
0.087a
0.013a
1.49E-06a
0.102a
9.85E-06a
-0.125a
0.414a
-0.095a
0.049a
2.90E-05
-1.089a
-0.819c
-0.078b
-0.151a
-0.141a
-0.110a
0.045a
0.073a
0.072a
0.060b
0.035c
-0.020a
-0.009a
0.003c
0.006a
0.012a
-0.013b
1779.076b
1644.076b

t-stat
(56.15)
(23.70)
(61.05)
(36.78)
(3.73)
(21.14)
(20.57)
(18.45)
(7.91)
(12.58)
(3.38)
(25.11)
(0.10)
(23.81)
(1.76)
(2.43)
(4.23)
(2.74)
(4.50)
(5.82)
(6.50)
(3.38)
(2.56)
(1.74)
(4.60)
(4.55)
(1.84)
(4.95)
(5.91)
(2.52)
(2.28)
(2.10)

(2.25)
Adj. R2 = 0.6648
N= 16,928

aSignificantat the 1%level, Iwo-sidedlest.
Significantat the 5% level, two-sided test.
c Significantat the 10%level, two-sidedtest.
b

of the house. The first equation incorporates an objective
risk measure only for houses sold after the release of the
Remedial Investigation. This equation also includes varnables that serve as indicators for the actual risks of the sites.
Equations (2) and (3) each incorporate an objective risk
measure, along with the term interacting the objective risk
and the dummy variable indicating if the house was sold
after the release of the EPA's Remedial Investigation.
Equations (1) and (2) include a publicity measure to test if
the probability assessment that is implied by this updating
information affects housing prices. Equation (3) omits the
News variable from the hedonic equation. The risk coefficient in this model thus captures the direct effect of risk on
prices as well as the effect through newspaper coverage. If
newspaper coverage of the sites communicates the level of
risk, one would expect that dropping the News variable
would result in an increase in the magnitude of the effect of
the Risk coefficient.

A. Estimatesof the Hedonic Model
Table 2 reports the results of the hedonic price function of
equations (9), (10), and (11). As discussed previously, the
hedonic price gradient with respect to a good (such as a
structuralor neighborhood attribute)is equal to the marginal
value of the good. A prioli expectations are that coefficients
for the structural house variables are positive, and the
regression results of the three equations are consistent with
these expectations: an increase in a structuralattribute of a
house increases the price of the house. All the estimates for
the neighborhood variables also have the expected sign
(positive for goods, negative for bads). However, the
parameterestimates for school quality and for the crime rate
in equation (1) are not significantly different from zero.
There are no a priori expectations for the signs of the
coefficients of the city and annual dummy variables. The
estimated coefficient for the distance to the closest Super-
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fund site is positive and significant for each equation,
suggesting that people are willing to pay to live fartheraway
from the visual disamenities that are associated with Superfund sites.
One of the concerns about the distance proxy used in
previous studies is that it also measures the distance to other
neighborhood characteristics. Multiple environmental disamenities could exist at the same distance to the house as the
closest Superfund site. These other disamenities would then
be reflected in the estimate of the distance gradient. The ring
variables Sites,, Sites2, Sites3, and Sites4 address this concern
by controlling for other neighborhood environmental disamenities. The coefficient estimates of these disamenity
variables indicate a negative and significant price effect of
the number of such sites at 0.25 and 0.5 mile from the house.
Equation (1) tests whether celtain variables act as indicators for the risks associated with the Superfund sites. The
findings suggest that people do incorporate this prior information in the expected manner. Specifically, the size of the
closest Superfund site and the NPL ranking of the closest
Superfund site have negative effects on housing prices. The
more time that has elapsed since the placing of the site on the
NPL results in higher housing price, as these sites that merit
lower priority may pose smaller risks. Another possibility is
that alarmist responses to a site being placed on the NPL
moderate over time. And homes near industrial chemical
plants or the batteryrepository have lower prices then homes
near the landfills.
As outlined in section II, we test the potential impacts that
information from the EPA's Remedial Investigation and
local newspaper coverage has on perceptions and, consequently, on equilibrium housing prices. The hedonic price
gradient with respect to total cancer risk gives the marginal
valuation of cancer risk (the value of avoiding cancer risks)
for households. As was described in section ILB, the
expected sign for this gradient is negative both before and
after the release of the Remedial Investigation. Similarly, if
publicity increases perceptions of risk, then we expect a
negative sign for the price gradient with respect to publicity.
Equation (1) estimates the effect of Risk only after the
release of the Remedial Investigation. The negative coefficient estimate suggests that people are willing to pay less for
houses for which there is a Superfund cancer risk. For
equations (2) and (3), we rely on the evidence presented in
section II.B to claim that perceptions of the prior risk are
correlated with the actual risk. Using these results, it is
possible to estimate the dollar value that people place on risk
reduction both before and after the Remedial Investigation.
The negative coefficient estimates for Risk indicate that,
before the Remedial Investigation, the public is willing to
pay more for houses exposed to lower levels of Superfund
cancer risk.
The interaction variable is the product of Risk and the
dummy variable that indicates if the house was sold after the
release of the EPA's Remedial Investigation. Using this
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interaction term gives the following marginal effect of Risk
on housing prices:
aPrice
aRisk = (,' ?t 02After)Price.

(12)

The term ^y,represents the estimated Risk coefficient, and 02
represents the interaction term's estimated coefficient. The
positive sign of the interaction term's estimated coefficient
indicates that the negative effect of risk on housing prices
was smaller after the EPA released their Remedial Investigation. Our conjecture is that the release of the EPA'sRemedial
Investigation provided risk infolmation that lowered perceptions of the risk, which were initially alarmist, resulting in a
decrease in magnitude of the price-risk gradient. It is also
noteworthy that the post-Remedial Investigation price effect
of Risk is comparable for all of the equations. The net effects
on the ln Price variable range from -135 to -139, or a price
drop that is approximately $220 less (for a change in Risk by
the mean level) than the effect of risk beliefs before the
completion of the EPA risk analysis.
The results also indicate that, controlling for the risk level,
newspaper publicity about the local Superfund sites has a
negative effect on housing prices. Previous studies have
suggested that substantial newspaper coverage leads to
overestimation of mortality risks (Combs & Slovic, 1979).
However, this bias cannot be inferred from the gradient here
because the effect of publicity on perceptions cannot be
separatedfrom the effect of perceptions on housing prices.
Equation (3) in table 2 presents estimates of the hedonic
equation without the News variable. The signs, magnitudes,
and significance of the estimates are virtually identical to
those reported in equation (2). Dropping News from the
regression does not significantly alter the gradients before
and after the release of the Remedial Investigation. Apparently, although newspaper publicity during the time of the
Remedial Investigation has a negative effect on housing
prices, it does not seem to communicate new information
about the Superfund cancer risks to the residents.
B. Estimatesof the Box-Cox MWodel
To further explore the nature of the risk-dollar relationship, we use a Box-Cox transformation of the dependent
variable to estimate the hedonic price function.'9 The
transformation of the dependent variable, Price, yields the
regression model
Price(X)= cx + z

PkXk + E,

(13)

where Price(X) = (Price - 1)/ and Xk are the independent
variables as expressed in equation (10). The transformation
19Cropper, Deck, and McConnell (1988) found that a linear Box-Cox
model performs well in a housing, market when all attributes are observed
and also in the presence of specification error.
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TABLE3.-REGRESSION RESULTSFORTHEBox-Cox

Variablesof Interest
Risk

After
After X risk
News

TRANSFORMATION*

Coefficient

t-stat

- 18.789b

(2.21)

-1.07E-04c
17.048
2.30E-08b

(1.86)
(2.01)
(2.06)

Adj. R2 = 0.6588
N= 16,928
= -0.42
Significantat the 5% level, two-sided test.
c Significantat the 10%level, two-sided test.
* Othervariablesincludedin the equationare the same as in table 2.
b

parameter,A, is takento be an unknownparameter,and we
scan a rangeof valuesto determinethe least-squaresvalues
of A,ot,andthe 3k'S.
Table 3 presentsthe resultsof the Box-Cox model. The
least-squaresestimatefor the transformingparameter,A, is
-0.42. The marginaleffect of riskon housingpriceis
aPrice
aRisk

=

(PI + P2After)Price(IX)

(14)

The negativevalue of PI indicatesthatpeople arewilling to
pay for a reductionof cancerrisk.The positive value of P2
indicatesthat the price-risktradeoffis greaterbefore the
releaseof the EPA'sRemedialInvestigation.
V.

Estimation of Welfare Effects

A. TheBenefitsof RiskReductionand the Valueof a
Statistical Cancer Case

Remediationof Superfundsites addresses,among other
objectives,the targetedreductionof cancerrisks. Previous
hedonic property-valuestudies computedcleanupbenefits
by equatingremediationwith movementof the houses to a
certaindistancein which the gradientlevels out. (See, for
example,Kohlhase(1991) and Kiel and McClain(1995).)
This approachcapturesthe distance-riskrelationshipimperfectly, because it assumes that remediationwill alleviate
boththe (risky)healthand(non-risky)aestheticattributesof
the site.The distancegradientis also incapableof estimating
thebenefitsof a partialreductionin the risk,whichis usually
the EPA'sgoal.
By incorporatingobjective cancer-riskmeasuresin the
hedonic propertymodel, we can estimate the change in
housingpricesgiven anylevel of riskreduction.To compare
these implied benefits with the cost of remediation,we
compute the change in prices before the release of the
RemedialInvestigation.For example,using the coefficient
estimatesof equation(2) in table2, we findthata reduction
of individualcancer risk by 1.81E-06 (the mean level of
Superfundsite risk to an individualin a household)before
the release of the RemedialInvestigationresultsin a price
increase of $238 per household (in 1996 dollars). With
42,598 householdswithintherelevantcensustracts,thetotal

price change(an upper-boundmeasureof welfarebenefits)
is $10.1 million for reducingcancerrisks at the six sites.
Using the Box-Cox coefficient estimates, a reductionof
householdcancerriskby the meanlevel beforethereleaseof
the Remedial Investigationresults in a price increase of
$232 perhousehold,anda totalpricechangeof $9.9 million.
These estimatesof the value of risk reductionare much
smallerthan the EPA'sestimatedcosts of remediatingthe
sites. The total presentvalue cost of the EPA'sremediation
plans for the six greaterGrandRapids Superfundsites is
$56.8 million. By contrast,the total presentvalue cost of
only institutionalcontrols(suchas fencinganddeedrestrictions) would have been $5.4 million had they been implemented at the six sites.20Using residents'valuationsof
cancer-riskreductions,permanentremedieswould not pass
this test of cost versusimplicitwillingnessto pay, although
the use of institutionalcontrols to restrictaccess to sites
would.
By evaluatingthe price gradientwith respect to cancer
risk, we can estimatethe value of a statisticalcancercase.
The methodologyis similarto value-of-lifestudies,in which
a wage hedonic is used to determinethe gradientwith
respectto job risk (Viscusi, 1992). In thejob risk literature,
the wage compensationfor an incrementalchange in job
fatalityriskis dividedby the riskincrement,resultingin the
value of a statisticallife. Viscusi (1981) demonstratedthat
value-of-lifeestimatesareheterogeneousover differentrisk
levels. Differentmembersof the populationattachdifferent
valuesto risk.Peoplewho aremosttolerantof riskaredrawn
to the riskierjobs, and higherwages must be paid to lure
additionalworkersinto risky jobs. Such heterogeneityof
riskpreferencesillustratesthe complexitythatis inherentin
policy applications.Value-of-lifeestimatesobtainedfroma
certainpopulationof workersmay not be appropriatefor
anotherpopulation.While hedonicwage studieshave been
quite successfulin estimatingcompensationto workersfor
job risk, values may be quite different for populations
includingnon-workers,white-collarworkers,or children.
Previousattemptshave been made to obtain risk-dollar
tradeoffsin markettransactionsotherthan the job market.
Unlikethe labormarketstudies,manyof these attemptsrely
on imputing values for at least one component of the
tradeoff.For example, studies attemptingto evaluate the
risk-dollartradeoffassociatedwith aspects of auto safety
(Ghosh,Lees, & Seal, 1975; Blomquist,1979) assumethat
20 For each of the sites, the costs (convertedto 1996 dollars)of the
proposedremediationplans are as follows: Butterworth,$19.4 million;
Chem-Central,$2.6 million;Folkertsma,$1.9 million;H. Brown,$18.8
million;Kentwood,$7.1 million;OrganicChemical,$7.4. Thecosts of the
institutionalcontrolshad they been implementedare as follows: Butterworth,$2.3 million;Chem-Central,
$0.6 million;Folkertsma,$0.7 million;
H. Brown,$0.6 million;Kentwood,$0.7 million;OrganicChemical,$0.6
million. One reason for the high cleanup costs could be the EPA's
preferencefor more-permanentremediationactions, even though the
benefits of permanenceare still uncertain.Gupta, Van Houtven, and
Cropper(1996) show that the premiumthat the EPA places on onsite
incinerationof waste(overandabovethe cost of cappingit) is $12 million
at smallsites andup to $40 millionat largesites (1987 dollars).
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TABLE4.-ESTIMATES OF THEVALUEOF AVOIDINGA STATISTICAL
CANCER
CASE (IN MILLIONS
OF DOLLARS,1996)
Equation Estimates

Value of Cancer before RI

Value of Cancer after RI

Equation (1)

NA

$4.1

Equation(2)
Equation(3)

$51.1
$51.3

$3.9
$3.9

Box-Cox

$49.9

$4.6

WILLINGNESS TO PAY
TABLE 5.-MEAN
FOR SUPERFUND-RELATED ArrRIBUTES

Sources of
Estimates
Equation(1)
Equation(2)

the wage rate equals the opportunity cost of time associated
with driving fast or using seat belts.
The objective risk measures used in this study pertain to
the cancer risk to an individual living in the household. To
determine the value of a statistical cancer to an individual,
the average household size must be divided into the risk
coefficient. According to the 1990 Census, the average
number of meinbers per household in the pertinent census
tracts (computed by matching block group data to the
sample) was 2.573.
Table 4 lists the estimates for the statistical value of
cancer given different specifications.21Equation (1) considers the effect of objective risk on housing prices only after
the Remedial Investigation. Using this parameter estimate,
the value-of-cancer estimate after the Remedial Investigation is $4.1 million. Using the estimates of equation (2) in
table 2 and dividing by the number of people per household
results in a value-of-cancer estimate of $51.1 million before
the release of the Remedial Investigation and $3.9 million
after the release of the Remedial Investigation. To test
whether the publicity picks up some of the effect of risk on
housing prices, equation (3) in table 2 drops the News
variable from the regression. The value-of-cancer estimate
before the Remedial Investigation increases by only approximately $200,000 dollars, and there is no change in the
value-of-cancer estimate after the Remedial Investigation.
Using the coefficient estimates in the Box-Cox model, the
value-of-cancer estimate before the Remedial Investigation
is $49.9 million. After the Remedial Investigation, the
value-of-cancer estimate is $4.6 million.
The value-of-cancer estimates before the release of the
Remedial Investigation are roughly an order of magnitude
larger than the value-of-life estimates found in job market
studies. This finding suggests that risk biases could affect
individual reactions to Superfund risks before the EPA
releases its Remedial Investigation.22Residents update their
risk perceptions after the release of the Remedial Investigation, and the resulting value-of-cancer estimates of $3.9
million to $4.6 million are very similar to the value-of-life
estimates found in job market studies.23 Once the EPA
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Equation(3)
Box-Cox

Additional
Mile from
Closest Site

Removal of
Industrial
Site within
0.25 Mile
Ring

House Sold
Before
Release of
Remedial
Investigation

One Fewer
Wordof
Publicity
in Previous
Year

$1,085
(145)
$ 859
(145)
$ 857
(145)
$ 627
(175)

$1,588
(323)
$1,486
(323)
$1,486
(323)
$1,982
(390)

$ 450
(409)
$ 661
(404)
$ 756
(402)
$ 520
(488)

$ 0.19
(0.08)
$ 0.17
(0.08)
NA
NA
$ 0.16
(0.08)

Note: Standarderrorsin parentheses.

releasesthe RemedialInvestigation,the value people place
on avoidingSuperfundrisksis similarto thevaluetheyplace
onjob marketrisk.
B. TheMarginal Willingnessto Pay for Housing Attributes

The coefficientestimatesof equations(1), (2), and(3), as
well as the coefficientestimatesof the Box-Cox equation,
can determinethe mean marginalwillingness to pay for
various attributes.The hedonic price functionreflects the
tangency of the consumer offer curves with the price
function;thus, the marginalprice of an attributeis equivalent to the marginalwillingnessto pay.Table5 presentsthe
resultsfor multipleattributes.24
Using the coefficientestimatesfromequation(1) of table
2, we find that the marginalwillingness to pay for an
additionalmile fromthe closest site is $1,085. The marginal
willingness to pay for one fewer non-NPLCERCLAsite,
RCRA site, or PCS site within 0.25 mile of the house is
$1,588. An additional printed word about any of the
Superfundsites decreasesa house'spriceby $0.19.
Replacingthe variablesthat measurethe risk indicators
with the actual risk does not result in markedlydifferent
estimates for the willingness to pay for the Superfundrelatedattributes.The estimatesfromequation(2) of table2
indicatethat the marginalwillingness to pay for an additional mile from the closest site is $859. The marginal
willingness to pay for one fewer non-NPLCERCLAsite,
RCRA site, or PCS site within 0.25 mile of the house is
$1,486. An additional printed word about any of the
Superfundsites decreasesa house'spriceby $0.17. Withthe
averagenewspaperarticleon the local Superfundsites being
550 wordsin length,the pricedecreaseis $94 perarticle.
The resultsindicatethata house sold beforethe releaseof
the
EPArisk informationon the closest site sold for $661
21 Estimatesarecomputedat the meanhousingprice.
more
thanone sold afterthe informationwas made public.
22 Slovic, Fischhoff,andLichtenstein
(1982) andTverskyandKahneman
(1982) offer explanationsof the cognitive heulistics that can lead to Thus,while the impactof riskon housingpricesdiminishes
risk-perception
biases.
after the release of the Remedial Investigation,housing
23 For example,Viscusi (1981) estimatedvalue of life at $7.8 million,
Garen(1988) at $16.1 million,MooreandViscusi (1988) at $8.7 million
24 The marginal prices are evaluated at the mean housing price. All
(all estimatesconvertedto 1996dollars).See Viscusi(1992)fora complete
figures are in 1996 dollars.
survey.
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prices nonetheless decrease after the release of the Remedial
Investigation.25

The coefficient estimates from equation (3) of table 2
yield very similar estimates of marginal willingness to pay
for the various attributes. The marginal willingness to pay
for an additional mile from the closest site is $857. A house
sold before the release of the Remedial Investigation for the
closest site sold for $756 more than one sold after the
Remedial Investigation was made public.
The marginal willingness to pay for a unit reduction of a
non-NPL CERCLA site, RCRA site, or PCS site within 0.25
mile of the house is $1,486. This estimate for the value of a
removal of one non-NPL CERCLA site, RCRA site, or PCS
site within 0.25 mile of the house is equivalent to a
cancer-risk reduction of 1.7E-05.26 Of the 850 RCRAsites
studied in a Regulatory ImpactAnalysis, 640 of the sites had
risk estimates between 1.0E-06 and 1.0E-04. Housing-price
reactions to RCRA sites imply resident assessments of risk
similar to those estimates in the RCRA Regulatory Impact
Analysis. For comparison, the mean level of risk from a
greater Grand Rapids Superfund site within 0.25 mile is
1.16E-04.
The Box-Cox coefficient estimates yield slightly different
estimates of the marginal willingness to pay for attributes.
The marginal willingness to pay for an additional mile from
the closest site is $627. The marginal willingness to pay for
one fewer non-NPL CERCLA site, RCRA site, or PCS site
within 0.25 mile of the house is $1,982. An additional
printed word about any of the sites decreases the price by
$0.16. A house sold before the release of the EPA'sRemedial
Investigation for the closest site sold for $520 more than one
sold after the Remedial Investigation was made public.
Our estimates indicate that removing a hazardous-waste
site that is not a Superfund site yields a benefit between
$1,486 and $1,982 for a household within 0.25 mile of the
site. Using the other estimated coefficients for the Sites
variables, we find that the average benefit of removing a site
(to a resident within one mile of the site) ranges from $385 to
$714. These estimates are similar to those found in Stock
(1991), who estimated the benefit to an average household in
suburban Boston from removing the Nyanza hazardouswaste site (located in Ashland, MA). His unrestricted OLS
model found a benefit ranging from $487 to $885, and his
nonparametricmodel found a benefit ranging from $155 to
$161. (All estimates are converted to 1996 dollars.)27
25 The marginal value of a house sold after the release of the Remedial
Investigation is computed as the change in price with respect to a change in
the dummy variable, and is evaluated at the mean level of risk. This net
impact of the dummy variable differs from the analysis of the change in the
impact of risk on prices after the release of the Remedial Investigation,
which is represented by the interaction term.
26 This estimate was determined by taking the mean willingness to pay
for removal of a non-NPL CERCLA, RCRA, or PCS site and calculating
the Superfund cancer risk that yields the same mean willingness to pay.
27 Stock (1991) estimated that the total value of a cleanup of the Ashland
site ranged from $7 million to $42 million (in 1996 dollars).

VI.

Conclusion

Assessing the cost effectiveness of the EPA's Superfund
program requires comparing the costs of the program with
the benefits accrued from the reduction in the health risk.
Previous studies have suggested that people overreact to the
threats from hazardous wastes, resulting in an inefficient
outcome in which the EPA spends too much on remediation.
Pressures for public spending or safety, however, may be
quite different from private willingness to pay amounts. Our
results suggest that residents have heightened perceptions of
the risks from Superfund sites before they receive the
information provided in the Remedial Investigation. When
the residents are informed of the risks through the EPA's
Remedial Investigation, and when they must spend their
own funds to avoid the Superfund risks, their willingness to
pay is similar to tradeoffs made in other encounters with
risk, such as those made in labor market decisions.
Before the EPA releases the Remedial Investigation, the
estimated willingness to pay for a risk reduction implies an
upper-bound benefit of cleaning up the six sites ranging
between $9.1 million and $10.1 million for a reduction of the
mean level of cancer risk. For comparison, the total present
value cost of the EPA's remediation plans for the six
neighborhood Superfund sites is $56.8 million. Had the EPA
undertaken only institutional controls for the remediation,
the total present value cost would be $5.4 million, a figure
more consistent with values implied by residents' willingness to pay to avoid Superfund risk.
The housing choices in the greater Grand Rapids housing
market provide evidence on private valuation of Superfund
risk reduction. The findings indicate that, after the EPA
releases its Remedial Investigation, the tradeoff between
cancer risk and housing prices is similar in magnitude to the
tradeoff between mortality lisk and wages found in previous
labor market studies. This similarity suggests that there
appears to be no evidence that people substantially overestimate the risk of cancer when making informed decisions for
which they must pay for greater safety.
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