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Abstract

Economists often rely on publicly available datayied at coarse geographical
resolution to value spatially localized ameniti®e propose a simple refinement
to the hedonic method that accommodates this yeapecifically, we measure
localized benefits from the cleanup of hazardoustevaites at the sub-census
tract level by examining thentire within-tract housing value distributiprather
than simply focusing on the tract median. Doingvee find significantly larger
benefits from NPL listing at lower percentiles. Vifed large effects of
construction complete and deletion across the hguslue distribution, although
these effects are also larger at lower percentN#s.confirm these results with
restricted access census block data, and use gtapyrhousing transactions data
to show that cheaper houses within a census traehdeed more likely to be
closer to a hazardous waste site, explaining thatgr impacts they receive from
the cleanup process.
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DoESCLEANUP OFHAZARDOUS WASTE SITES RAISE HOUSING VALUES?

EVIDENCE OF SPATIALLY LOCALIZED BENEFITS

Abstract (146 words)

Economists often rely on publicly available datayaded at coarse geographical
resolution to value spatially localized ameniti®ge propose a simple refinement to the hedonic
method that accommodates this reality: specifically measure localized benefits from the
cleanup of hazardous waste sites at the sub-cémstisevel by examining thentire within-
tract housing value distributigmather than simply focusing on the tract mediBoing so, we
find significantly larger benefits from NPL listireg lower percentiles. We find large effects of
construction complete and deletion across the hguslue distribution, although these effects
are also larger at lower percentiles. We confingse results with restricted access census block
data, and use proprietary housing transactionstdaaow that cheaper houses within a census
tract are indeed more likely to be closer to a hdas waste site, explaining the greater impacts

they receive from the cleanup process.
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1. Measuring Localized Benefits with Tract-Level Hoising Data

A growing number of studies document that amendredisamenities are highly
localized (e.qg., at the sub-tract level) with ef§ethat decline rapidly with distance. For
example, Davis (2011) detects strong adverse sftgghower plants on prices of houses that are
located within two miles, weaker effects between twfive miles, and no effect beyond five
miles. Campbell, Giglio and Pathak (2011) fincttsach nearby foreclosure lowers the price of
a house by about 2% if it takes place at zero wigtand 1% if it takes place at a distance of
0.05 miles. Because fine-resolution data at thesadevel or block-level are often inaccessible,
these benefits from spatially localized amenitiesadten estimated using publicly available
tract, zip-code, or county-level median housingieadats. Using tract-level median housing
values to capture benefits that are localizedastib-tract level can, however, result in a failure
to detect the true underlying benefits. Our stpdhposes a simple refinement to the hedonic
method that overcomes this problem. Specifically,recover localized effects by examining
theentire within-tract housing value distributiprather than simply focusing on the tract
median.

We apply our method to estimating the benefits ftbencleanup of hazardous waste
under the Superfund program. Under that prograentost severely contaminated sites are

placed on its National Priorities List (NPL) (Sigm2008; Sigman and Stafford 2011) and

! Block-level Decennial Census data are restriatagsers at the Census Data Centers (Davis,
2011) and (ii) individual house transactions daatgpically proprietary, expensive
(Oberholzer-Gee and Mitsunari, 2006), or limitedhair coverage to specific counties (Davis
2004; Linden and Rockoff 2008; Pope 2008; Zabel@uoinet 2010).

2 Recent examples include Bui and Meyer (2003), GimalyGreenstone (2005), Hanna (2007),
Greenstone and Gallagher (2008), Grainger (201@) Sanders (2011). Early papers from the
hedonics literature that relied upon coarse gedngcaphousing data include Ridker and
Henning (1967), Deyak and Smith (1974), Nelson §)9FAarrison and Rubinfeld (1978), and
Nelson (1978).



cleanup is undertaken for a subset of these sRestricting our analysis to sites that have
similar risk scores, we compare owner-occupied imgugalues in neighborhoods located within
three miles around sites that have been cleanedthgorresponding neighborhoods around
sites that have not been cleaned. The appreciatioousing values in response to cleanup
(measured with the deletion milestone in the Supetfrocess) is defined relative to the pre-
proposal baseline. In response to cleanup, oct-tiggel analysis detects larger appreciation at
the 10" percentile of the within-tract housing value disttion (24.5%) than at the median
(20.3%) and the 90percentile (18.6%). A cost-benefit analysis basethese results indicates
that cleanup under the Superfund program yieldbemeefits for 35 out of 55 sites that have
been deleted from the NPL by 2000.

The pattern of within-tract heterogeneity we findhadeletion is even more evident
considering listing on the NPL — i.e., the Supedfumlestone indicates that the site should be
cleaned at some point in the future. Listing aaPL results appreciation of 9% to 5.6% at the
10" to the 48 percentiles of housing values, but estimateseatrtedian and higher percentiles
are no longer statistically significant.

We find that examining the full housing value distition can have important policy
implications for the results of a hedonic analydisour example of valuing Superfund cleanup,
a focus on the median housing value would haverstated the larger effects at the lower tails
of the housing value distribution. This understagat would have been most problematic at an
intermediate stage of the Superfund process &it¢he listing stage). One can imagine other
situations in which the distribution of benefitssisch that a focus on the mean or median could
lead to a failure to detect any treatment impattsuld those impacts exist only in the tails of

the distribution of housing values.



Our analysis of high geographical resolution dag, (restricted-access block data)
supports this finding. We re-run our analysistfarse blocks contained in the tracts lying within
three miles of these sites and find that housiigesaappreciate by 14.7% with deletion. We do
not expect to recover identical estimates of tifieced of cleanup from the block and tract
analyses, as the neighborhoods’ exposure to sitegiaus stages of cleanup cannot be defined
identically in these separate analyses. The Hmai analysis does, however, provide a
valuable check on our tract-level results.

As further supporting evidence, we examine geocgdegrietary housing transactions
data from ten different states. These data sh@hoitky that it is, in fact, the cheaper houses
within each tract that are more likely to be expbsewaste sites within one kilometer. This
pattern is less evident when we consider expodugesater distances (e.g., two or three
kilometers). The results of this transaction-lemedlysis are particularly useful in explaining the
greater appreciation from site listing in the lowaal of the housing value distribution that we
find in our tract-level analysis.

Our proposed hedonic refinement proves to be inrapomwhen the analysis of coarse
resolution data results in a failure to detect liazea benefits. We note that many hedonic
studies are forced to rely on coarse resolutioa Hatause of its nationwide coverage and public
availability, but demonstrate that the benefitsetially localized amenities could be both
substantial (particularly in densely populated s)yeend likely missed by analyses focused on
mean or median values. While our refinement cadetgct all forms of heterogeneity across
housing markets that could, for example, be evidettt transaction-level data, it does avoid an
important source of bias without saddling the redear with difficult (often prohibitive) data

expenses.



2 Potential Benefits from Superfund Cleanup

In the late 1970’s, events at Love Canal and theyaf Drums raised public concern
over the health and environmental risks associatétdcontaminated waste sitésn response
to these and other similar incidents, the US Cagemacted the 1980 Comprehensive
Environmental Response, Compensation and Lialldy(CERCLA). Under that law, the most
hazardous sites are placed on the National Paeritist (NPL). There are four major milestones
in the NPL process — proposal, listing, constructomplete, and deletion — at which the EPA
publicizes information about the site, sometimasm@mg information into the Federal Register
and soliciting public comment. These milestongspitmviding information to the housing
market, have the potential to influence housingi@sl

The NPL process begins with a preliminary assessarghsite inspection; based on that
assessment, the EPA may propose a site to the iINtPke iFederal Register. Information
collected during the preliminary assessment ardiisgpection is used to calculate a Hazard
Ranking System (HRS) scoteThe EPA then lists the site on the final NPLt ifnieets at least
one of three criteria — (i) the HRS is of suffidi@magnitude, (ii) the state environmental
authority designates the site to be a top prioatyjii) the US Public Health Service
recommends removing all people in close proxinotyhe site. The construction complete
designation indicates the physical constructiorspha the cleanup process has been completed

and immediate public health threats have been adéde though other remedial actions have yet

3 A recent study documents that mothers’ residetasedo a Superfund site before cleanup is
associated with a 20 to 25% increase in the rigtoofjyenital anomalies (Currie, Greenstone,
Moretti, 2011).

* The HRS score serves as a numerically based scgegevice that uses information from
initial, limited investigations. Sites with an HR8ore of 28.5 or greater are eligible for listing
on the NPL and require the preparation of an HR®Birsg package. The story behind the 28.5
cutoff is described in detail below.



to be completed. Finally, deletion of a site frdma NPL requires that the necessary actions for
remediation have been completed and the site rgetquoses a threat to human health.

There are two channels — one direct and one indirérough which deletion from the
NPL can increase housing values. First, cleandpaes health risks and other disamenities
associated with a site. Second, cleanup may préurihier development in the area surrounding
a site, including the potential for re-zoning franower-value commercial use to higher-value
residential (even luxury) developmeénts long as this sort of development occwmaditional
on cleanup being undertaken, our study correcthgiciers the benefits from it to be part of the
benefits from Superfund cleanup. Such an outcomddwepresent one mechanism through
which remediation can be translated into highersiauprices. Our analysis would be biased if
causality went in the opposite direction — e.gda¥elopers decided to build a luxury resort
(which was going to raise nearby housing priceanmigss of EPA actions), and the EPA
responded by moving the site through the remedtigirocess more rapidly. Our review of the
literature does not suggest that this is the cdsareover, our analysis employs (i) sample
restrictions to ensure that we are making compasismnong tracts that are similar to one
another aside from their receipt of cleanup, angénel methods to control for time-invariant
unobservable differences in tracts.

Any hedonic estimates of the benefits of Superftiednup come with five caveats.
First, benefits are understated if homeowners iguownstream benefits. Second, the

appreciation of housing values reflects homebuygesteptions of risk reductions, and these

°For example, the Empire Canyon Daly West Mine Supek site in Utah underwent extensive
remediation under the Superfund program. Afteragiation, the landowners leased that site for
the development of a luxury resort, including aghagpa and condominium project (EPA 2008).
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perceptions, though influenced by the informatiost EPA provide§ may not fully reflect true
reductions in risks. Third, we cannot accountdaainges in housing values that result from the
cleanup of nearby sites undertaken outside ther&uyakeprogram because data describing these
sites are unavailabfe Fourth, like previous studies, we treat Superfciednup as a marginal
change to the overall housing markewith the assumption that the hedonic price scleedoes
not shift, we can interpret our capitalization esin a marginal willingness-to-pay framework
(Kuminoff and Pope 2010). Without this assumptiou, results can be interpreted as
capitalization effects, which are also importanptdicy makers. Finally, we follow the majority
of the hedonics literature and simply analyse thleer of marginal changes along the hedonic
price function. We do not attempt to identify tharginal willingness to pay function, given the
difficulties inherent in such a task; see Kumin&iith and Timmins (2010) for a discussion.
Bishop and Timmins (2011) describes these diffiealin more detail and suggest empirical
approaches to deal with them.

While our study focuses on the effects of delefrom the NPL, we note that at least
three other Superfund milestones can also influeeeeby housing valueseasured relative to
the pre-proposal stageProposal of a site to the NPL may reduce neidindoamat housing prices
when this action provides new information to thesiog market that contamination is severe

enough to warrant the potential listing of tha¢ sih the NPL (although, if the housing market

® For example, Gayer, Hamilton and Viscusi (20009 fihat residents around seven NPL and
non-NPL sites in Grand Rapids Michigan updated theiceptions of risks when the EPA
released information about those sites from renh@drastigations.

" The EPA does not maintain a list of verified capates of non-NPL sites. This data limitation
has constrained other studies (Kiel and William@87Z2MWoonan, Krupka and Baden 2007;
Greenstone and Gallagher 2008).

8 We assume that the cleanup of a single Superfitmdhsty not significantly alter the hedonic
price function, unlike a policy that, for exampddfects the quality of a high percentage of the
schools in a district



expects that proposal signals that the site idyiiteebe remediated, this countervailing factor

will dampen the extent of that depreciation). Hoggrices have been found to decline due to
perceived increases in health risks (Hamilton aistdsi 1999) and stigma (Fischoff 2001;
Messer et al. 2006) associated with a contamirgitet Unlike proposal and deletion, listing

of an NPL site is associated with two countervagiliorces. (i) It may reduce housing prices by
confirming the severe nature contamination of #i&t but (ii) it may also increase housing
prices by signaling that a site has been placeti@path towards remediation. The construction
complete designation, which indicates the physioaktruction phase of the cleanup process has
been completed and immediate threats have beerssddr, is likely to raise housing values. In
the case the market is forward looking and trastimdy as indicative that the site will be cleaned,
the additional appreciation experienced at the tcoason complete and deletion milestones

would be smaller than it would be otherwise.

2.1 Previous Studies on Valuing Superfund Benefits

The large literature that seeks to measure theevafl Superfund site remediation has
been exhaustively reviewed in Schultze et al. (J.9ReI and Williams (2007), Sigman (2008),
EPA (2009) and Sigman and Stafford (2011). Wéflgrakescribe the hedonic approach that

examines median housing values in locations that imathe number or characterization of sites

® Davis (2004) finds that information on health ssite capitalized into housing values — i.e. the
emergence of a cancer cluster resulted in the digpi@ in housing values in a Nevada county
relative to those in a nearby county.

19 Messer et al. (2006) note that “when residentsotential buyers are extraordinarily fearful of
a site, they may respond by shunning the site.riskk are perceived as being excessive, people
replace calculations of risk versus benefit wisimaple heuristic of shunning, the avoidance of
the stigmatized object.”



contained within* Greenberg and Hughes (1992) study seventy-seramanities in New
Jersey and find that sale prices of houses in Swpgcommunities appreciate by less than those
in non-Superfund communities. Noonan, Krupka aadd® (2007) study the effect of
Superfund remediation activities on housing valmessured at the block-group level using a
national sample, and employ an instrumental vaembpproach to separate direct and indirect
effects of cleanup. Their comparison of those blgoups that are close to waste sites with
other block groups across the contiguous US, horyeweld lead to bias because unobservables
are likely to differ systematically across these sets of block groups.

We build most directly upon Greenstone and GakagR008) (hereafter GG) who
examine how traanedianhousing prices vary depending upon whether theyato a site that
has been listed on the NPL or one that has narrowdged being listed on the NPL. GG's
important methodological contribution is to redttieeir comparison to sites that are similar in
their risk scores, but that differ in their Supedustatus. As described in GG, in the early years
of the Superfund program, budget constraints fotbedEPA to choose only 400 sites to list on
the NPL (out of 690 potential sites that the EPA ltentified). The EPA employed the HRS
ranking to choose those sites that posed the gtaatks. It turned out that an HRS score of
28.5, as recorded in 1982, served as the cutoffdsst the 400 listed and 40°% non-listed sites.
GG argues that the comparison should be made afi)aitgs with 1982 HRS scores; and (ii)
sites whose 1982 HRS scores are 12 points abdvel@w the 28.5 regulatory cutoff. Their

Regression Discontinuity (RD) analysis exploits dithotomous treatment (listing versus non-

1 A second approach takes a particular site andrdites how distance from it impacts the
selling price of nearby homes. That effect is mead with a distance gradient that typically
varies with site status (Kiel and Zabel, 2001; Kietl Williams, 2007).

2 Table Il in Greenstone and Gallagher (2008) shinastracts that host and do not host waste
sites differ significantly in their observables andextension, are likely to differ in their
unobservables.
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listing) at the 28.5 regulatory cutoff, while assngithat the unobservables are continuous
across that cutoff.

GG'’s analysis examines (i) 487 sites out of 68&ssvith 1982 HRS scores and (ii) 227
sites out of 332 sites as their units of obserwatioThey drop 203 out of the 690 sites and 95 out
of 332 sites, respectively. GG’s instrumental variable strategy, which conegasites that are
listed versus sites that narrowly missed listimnatudes thatleanupof Superfund sites has
little and no effect on median housing values. ®maortant drawback in that study is its
examination of “listing” as the milestone to cajgttine benefits of cleanup instead of deletion,
which is the milestone that marks the completionle&nup activities. Their comparison of
“listed sites” (which combines listed and deletd#dsy with sites that have not yet reached the
listing designation leads a downward bias becaasad has ambiguous overall effects on
housing prices, while deletion is likely to raissuling prices (Smith 2006}, In contrast to
their approach, our study estimates the effecetdtobn from the NPL to capture the benefits
from remediation, and we measure the effect oftibeleseparately from other Superfund

milestonesg?

13 GG’s specification relates 2000 prices to listatagtus in 2000, with 1980 covariates as
explanatory variables. The 1980 covariates areailabte for tracts associated with these 95
sites in the RD sample. Covariates also are urablaifor tracts associated with the 203 sites in
the 1982 HRS sample (GG 2008).

 This combination is necessitated by their instmméG use the 1982 HRS score to
instrument for the variable indicating that a $igs been listed on (or deleted from) the NPL by
2000; that one variable cannot separately instraifioerthe two milestones of listing and
deletion.

15 Other studies have measured the distinct effddtsese various milestones (Kiel and Zabel
2001; Cameron and McConnaha 2006; Kiel and Willi@®87) or treated these milestones as
distinct (Sigman 2001).
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3 Estimation Method

Our approach to measurifaralizedbenefits is three-fold. First, we demonstrate a
refinement of the hedonic method that is aimeda¥iging more accurate estimates of localized
benefits when analysts are restricted to usingigyldvailable tract-level (or other similarly
geographically coarse) data. We examine numeromggpalong the within-tract distribution of
housing values (including, but not limited to, thedian) in order to measure the heterogeneous
appreciation of housing values in response to dearsecond, we recover these benefits
directly using high geographic resolution data mead at the censusock level.The block
analysis reveals that benefits from cleanup asizbut highly localized. Finally, we provide
supplementary analysis using geo-coded house-tatalto document the spatial pattern of
housing values within tracts and their proximitySoperfund sites. Our tract-level finding that
cleanup causes greater appreciation at the loweepies of the within-tract house value
distribution is consistent with our finding thatfgufund sites are in closer proximity to the
lower-value houses within each tract.

To identify the effect of Superfund milestones @us$ing prices, we rely on two
complementary strategies: (i) we restrict our conspa to sites whose 1982 HRS scores are
within a narrow interval, as in GG; and (ii) wey@n a panel model to examine how the
changes in the exposure of neighborhoods to vaBoperfund milestones affect changes in the
housing prices. We restrict our analysis to 321od322 sites whose 1982 HRS scores are
within the narrow (16.5 to 40.5) interval (we drape site for which geocoordinates are
unavailable). The progression of these sites tiirabe Superfund milestones is shown in the
Online Appendix Figure Al. Our observations aretgdhat fall at least partially in a 3 mile

buffer around each of these sites (our block-lewallysis uses all blocks contained in these
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tracts). Our choice of the 3 mile buffer is basacpanel data studies on the association between
hazardous waste sites and housing prices thatdeteeted effects at a maximum distance of 2
to 2.5 miles with a mean estimated price effect.df6 (reviewed in Jenkins et al. 2006).

Our tract (and block) analyses take snapshotseoNfPL status of each site in 1990 and
2000%® We compare changes in owner-occupied housingesafucensus units lying in 3 mile
buffers surrounding sites between 1990 and 20@banges in exposure to (i) sites that are
proposed for the NPL but not listed, (ii) sitestthee listed on the NPL but where construction is
not yet completed, (iii) sites where constructiscompleted, but which are not yet deleted, and
(iv) sites that are deleted from the NPL. Our gtagkasures the cleanup “treatment” by
examining the effect aleletion from the NPLTo summarize, we rely on the sample restriction,
i.e., comparing neighborhoods near sites thatistell with those near that missed listing,
primarily to identify the effect of listing. To @htify the effects of construction complete and

deletion, we rely on the panel methods to furtlmertiol for time-invariant unobservables.

4 Regression Models
4.1 Census Tract - Specification
We begin with a basic hedonic regression modetinglawner-occupied housing prices to

the characteristics of the house and the neighlookhacluding exposure to the 331 sites.

) ) )
(1) InHg, = BYiPre+ BEiLie+ BE:Crie+ BEDyy+ ﬁse,txk,t + Vi t+ Eke

16 |deally, we would examine changes over a long ghdime period to detect changes in
housing prices, but over a short enough time-pesmthat parameters of the hedonic price
function are stable. Like other decennial censsed studies, we are constrained by the decadal
frequency in data collection. More frequently eoted census data, such as the American
Community Survey, is not collected at a sufficiesvel of geographic density for our analysis.

13



The subscripk indexes tracts that lie within a 3 mile bufferao$ite. A tract is included as long
as any part of it falls within the 3 mile buffe&nH,‘j,t is the natural log of the™ percentile of
owner-occupied housing values in tr&ah yeart (t = 1990,2000). X is a vector containing
characteristics of the housing stock along withgbeioeconomic and demographic attributes of
the tractt’ These variables and the housing value distribstare summarized in Table i?

are time-invariant tract-level unobservables spetif houses in the" percentile, and?, is a
tract-percentile-year unobservable.

Our main variable of interest is the exposure efttAct in 1990 or 2000 to sites that are
deleted by that time period. Other variables ténest are exposure of the tract to sites that are
proposed, listed, or where construction has beerptaied. Exposure is defined as the share of
the land area in a tract that falls into 3 milefers surrounding site$. Specifically, we first use
GIS to draw 3 mile buffers around each site. Attsaexposure to sites at each stage of
remediation is then defined as the ratio of itaarkeoverlap with the 3 mile buffers drawn
around sites at that stage to its total é?ed)k,lggo represents the exposure of tradb sites that

are deleted by 1 Jan 1990, angd,,,, represents the corresponding measure for 1 J&h 200

Y Our estimates of the benefits from cleanup exarfiaédirect effects’ on housing values.
Covariates control for the other changes that maghtr in response to Superfund cleanup that
in turn affect housing values. Gamper-Rabindrah Bmmins (2011) documents changes in
neighborhood socio-deomographics associated wiplei®und cleanup using block-level data.
18 Note that EPA defines site location by the geodimattes of the site’s centroid. Sites may
vary greatly in size, however, and we would expleetgeographic “reach” of larger sites to be
greater. Without specific GIS information desantpthe boundaries of all sites, our best option
is to use centroid geocoordinates to indicate lonat

19 Further detail on the calculation of tract expesyincluding illustrative maps, is included in
Appendix A2 in Gamper-Rabindran, Mastromonaco ainehiins (2011). We also describe in
more detail below how we handle situations in wtadinact is simultaneously exposed to
multiple sites at the same stage of the remedigioness.

14



Py 1990 @ndPy, 2000 COrrespond to proposed status; ;999 andLy, 90 COrrespond to listed status;
and; Cy. 1990 andCy 000 COrrespond to construction complete.

Next, we take the difference between the 1990 &0f 2egression models (restricting
parameters to be constant over time), thereby rergdhie effect of time-invariant tract-

percentile unobservablés.

(2) lnHI?,ZOOO - lnHI?,199O = pf (Pk,ZOOO - Pk,1990) + B (Lk,ZOOO - Lk,1990) +

i (Ck,ZOOO - Ck,1990) + B2 (Dk,ZOOO - Dk,1990) +

0 ) )
Bs (Xk,2000 — Xk,1990) + (€k,2000 — €k,1990)

The coefficienis? measures the appreciation of house values #'tpercentile as a
result of a one unit (i.e., 0 to 1) increase ina@syre of the tract to deleted site(s). Recognizing

the log dependent variable, a positifeindicates that house values appreciate by
100 [exp (ﬁf — %V(ﬁf)) - 1] percent as a result of a one unit (i.e., 0 to @é)dase in the

exposure to deleted sites (Kennedy 1981). In me&dhis transformation has little impact on
our block and tract results, so we ignore it inesrib simplify the discussion of our estimates.

The changes in exposure to (i) proposed sitedjgiied sites and (iii) construction completed

20 Our conservative interpretation of the coefficgeint the panel analysis is that they measure the
capitalization into the housing values resultimgnirthe cleanup (Kuminoff and Pope 2010).
Capitalization into housing values is in itselfwable information for policymakers in judging
the benefits from Superfund cleanup and affectdate economy including the property tax
base. If the coefficients are, in fact, stablerdiae, the estimates can be further interpreted as
measures of willingness-to-pay. Without accessotoe other form of quasi-experimental
variation in the data, it is not possible to téss assumption of stability of coefficients.

Looking across deciles, we assume only that th-tezel unobservable affecting th&
percentile house in 1990 has to be the same &aet-inobservable affecting tH8 percentile
house (whatever house that may be) in 2000. Wmeotltake the restrictive interpretation that
the & percentile house in 1990 has to be the séfercentile house in 2000.
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sites similarly capture the changes in house vasesciated with these steps in the remediation
process. Table 2 summarizes the interpretatiail tfie coefficients.

We weight observations in our preferred specifaratly the number of owner-occupied
housing units in each census tract. Section G@wshhat our main conclusions are not sensitive

to this decision.

4.2 Census Block - Specification

Our tract analysis contains all tracts that havaesoverlap with the 3 mile buffer
surrounding the sites. Correspondingly, our blac&lysis examines all blocks contained in
these tracté’ The cross-section and panel regression modetefmus blocks are defined
analogously to equations (1) and (2), except th&algck median values replace within-tract
percentiles of the house value distribution, ande#posure is defined by a count of Superfund
sites at each stage of remediation lying withini rof the centroid of each block. The

exposure variables are counts of sites locatediess® miles from the centroid of census block

k at timet that are proposedy,), listed (), construction completed’{ ,), and deleted ).

5 Data

Restricted-access census block data for 1990 ab@ &@ from the US Census Bureau.
Proprietary housing transactions data are from dpa¢i Information Systems and are used
under a licensing agreement with the Duke DepartmieBconomics. Census tract data come
from the Geolytics Neighborhood Change Database;hias reapportioned census data from

1980, 1990 and 2000 into census tract boundarssatk fixed in 2000. The Decennial Census

2L We also run a tract analysis which includes ohbse tracts that lie within a 2 mile buffer of
the 321 sites. See section 6.4.
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provides counts of houses with owners’ stated wlnearious intervals, allowing us to

calculate the discrete distribution of house valuitkin each tract??® We use straight lines to
connect the midpoints of these intervals portrapeal cumulative distribution function

histogram; we then read the cumulative distribufigrction of house values in each census tract
from those lines. Percentiles read off of thesgrithution functions are then used as dependent
variables in our empirical analysis. Data on sitesfrom the EPA. The 1982 HRS scores come
from the dataset compiled and published by GG. Gbesumer Price Index used to deflate
housing prices is compiled by the Bureau of Laltati§tics and is based upon a 1982 Base of

100.

6 Results
6.1 Summary Statistics

Table 1 reports summary statistics for censussfact

6.2  Tract Results: Evidence of Localized Benefitsdm Deletion

Observations are weighted by tract counts of ovareupied housing units, and robust
standard errors account for heterosekedacity. &lyeur tract analysis indicates that the
appreciation of housing values varies within tlaetrwith greater percentage appreciation in the
lower tail of the housing price distribution. Tal8 presents results from the tract analysis using

3 mile buffers around the sites. The results iatdi¢hat the deletion of a site from the NPL

22 For details on the intervals, see Online Apperigikle A1l.

23 We only consider the effect of NPL site remediatim residential property values. See
Ihlanfeldt and Taylor (2004) for an analysis of #fects on commercial real estate values.

24 Similar summary statistics for the block sampkrewnot released by the Census Bureau due
to confidentiality concerns.
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raises nearby housing values, but the appreciatiqgrercentage terms, is more prominent at the
lower deciles of the within-tract housing valuetdizition. As seen in Panel A, carrying a site
through the remediation process to deletion rdisese values by 24.5% at the 10% percentile,
20.3% at the median, and 18.6% at th® pércentile. All estimates are statistically sfigaint
at the 1% level. The pattern of declining pointraates from the lower to the higher percentiles
of housing values is evident from Panel A, althoughnote that the standard errors indicate that
these estimates are not statistically differentfflane another at the 95% level.

Panel B presents the results using housing valgdslas the dependent variable.
Appreciation attributable to deletion increasesms moves from the Y(percentile ($9,240) to
the 90" percentile ($17,553); as shown in Panel A, howebese increases are not rapid enough
to prevent appreciation as a percentage of howsihug from falling across the percentiles.
Interestingly, even in levels, appreciation atttéile to listing and construction complete falls as
one moves from the 1o the 98 percentile, and is not significant above th& pércentile in

the case of listing, or the t§(ﬂ)ercentile in the case of construction complete.

6.3  Other Superfund Milestones

For all milestones, we find heterogeneity in théhm-tract house value distribution. In
particular, the magnitudes of changes in housihgesgaare largest for the lower tails of the
distributions. This pattern is consistent with énding in section 6.8 that lower-value houses
tend to be located closer to Superfund sites amtharefore more impacted as those sites
progress through the Superfund milestones. Wecuider each of the individual milestones

preceding deletion — proposal, listing, and cort$tom completion — in turn.

18



We find that proposal to the NPL leads to a siatfly significant and sizable
depreciation in housing values at the lower peilgEnof the within-tract house value
distribution. In particular, proposal to the NRdduces housing values by 12.7% and 12.4% at
the 10" and 26' percentiles, respectivefy. Importantly, estimates at thet%ﬁercentile and
higher are not statistically significant. Depreiga in nearby housing values in response to the
proposal of a site to the NPL can be explainedawydhannels. First, the proposal of the site
provides new information to the market about tresspnce of a harmful site, or about its
severity. Second, even if the market is alreadgrawef the site and the extent of contamination,
the proposal of the site to the NPL may furtherédase housing values by stigmatizing the
neighborhood (Messer et al. 2006).

Conversely, listing to the NPL leads to a sizalvlé statistically significant appreciation
in housing values at the lower percentiles of tlitdin-tract house value distribution.
Specifically, listing on the NPL raises housingued by 9% to 5.6% between thé"khd 48
percentiles. Estimates at and above the medianar&atistically significant. The smaller
magnitude of appreciation from listing comparedétetion can be explained by the
countervailing pressures on housing values thaeavhen a site is listed — i.e., listing reduces
housing values by confirming the severe naturetefcontamination, but it also increases
housing values by signaling that the site will bmediated. Nevertheless, the promise of

cleanup associated with final listing appears toveigh the effect of confirming a site’s

%5 To be clear, even though proposal leads to degtfeniin housing values, the Superfund
remediation process, taken in its entirety, leadst overall appreciation in housing values even
at the bottom of the within-tract house value dsttion. As described in section 6.2, our
estimated coefficients on deletion, which measheeetffect of deletion on housing values
relative to values at the pre-proposal stage, atdithat the Superfund remediation process,
taken in its entirety, leads to an overall apprsmmein housing values.
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contamination level at the bottom of the withinetrbousing value distribution. This latter result
could be partly responsible for the finding in poais research that combined listing-deletion
treatment did not have a significant effect on mogigalues at the median — we return to this
point in section 7.

Achieving the construction complete milestone |le@adsdditional appreciation in
housing values. These effects are statisticaigiBcant at all parts of the within-tract house
value distribution, but are larger at lower peritest- 13.8% at the f0percentile, 11.3% at the
median and 6.9% at the ®percentile. As might be expected, completionasfstruction
leads to a smaller appreciation in housing valbaa tloes deletion. This can be explained by
the additional value the market places on movirmgsite from the completion of the physical
infrastructure required for the cleanup to the statiere all remedial actions have been

completed.

6.4 Deletion of sites from the NPL — Sensitivity Aalysis

First, we estimate an unweighted specificationsuRe from those regressions, presented
in Table 4 columns 1-5 are comparable to those ttmweighted regressions. We continue to
find that carrying a site through the remediationcess to deletion leads to larger percentage
appreciation at the lower deciles of housing vathes at the upper deciles. In particular, the
unweighted regressions indicate that house valpeaiate by 30.7% at thelpercentile,
24.0% at the median and 19.5% at th& pércentile.

Second, to address the possibility that errorspatially correlated, we estimate
clustered standard errors. Ideally, we would elute standard errors over groups of tracts that

lie in close proximity, as these errors are likigle spatially correlated. Practically, because
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the next available level of geographical identifethe county, we estimate standard errors
clustered at the county level. The drawback of #gproach is that clustering on too aggregate a
geographical region will lead to overly large startlerror estimates. As seen in Table 4
columns 6-10, we continue to find statisticallyrsfgcant appreciation in response to deletion
with clustering, although the estimates are nowssieally significant at the 5% level for the
10" percentile of housing values and at the 10% ltorethe rest of the deciles of housing
values.

Third, to explore the spatial extent of the effexdtsleletion, we repeat our analysis using
2 mile buffers. Table 5 reveals that using theaardefinition of neighborhoods near sites
yields larger point estimates of appreciation spanse to deletion. House values appreciate by
26.2 % at the 1Dpercentile, 25.9 % at the median and 20.8% a®®ieercentile. Comparison
of these results with our earlier results from Eab| where neighborhoods are defined more
broadly using 3 mile buffers, suggests that thgdaneighborhood lumps nearby affected houses

with more distant unaffected houses, thereby dituthe effects of deletion.

6.5 Sensitivity Analysis: Exposure to Overlapping e Buffers

Consider a tract that can be divided into threéices. The first is exposed only to the
buffer surrounding site Ao of the area of the tract), the second is exptsedly to the buffer
surrounding site By@o), and the third is exposed to buffers surroundhioip sites A and Bzfo).
To fix ideas, suppose this tract has progressed pmposed status in 1990 to deleted status in
2000. Based on our definition of exposure, thetsaxposure to deletion will be+y+2)%.
This definition treats the exposurey8b of the tract similarly whether that section o thact is

exposed to one or more site.
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In order to check the implications of this assummtiwve limit our analysis to tracts that
are exposed to the 2 or 3 mile buffer of only oite $.€., we drop all tracts that are exposed to
two or more sites). For the 3 mile sample, wergmfhaving 321 sites to 299 sites, and our
observations decline from 3,584 tracts to 2,99&sraWe find larger impacts of deletion in the
restricted sample (Table A2) than in the origireahple (Table 3). Deletion leads to
appreciation of 32.7%, 27.8% and 21.1% at tH& §0" and 98" percentile in the restricted
sample. In contrast, deletion leads to appreciaif®®4.5%, 20.3% and 18.6% at thé"160"

and 90" percentile in the original sample.

6.6 Block Results: Direct Evidence of Localized Eéicts

The analysis of median housing values at the biee#l provides direct evidence for the
localized benefits from Superfund cleanup. Theselts are described in Table 6. Taking a site
through the remediation process from proposal tetide@ results in statistically significant
appreciation of median house values by 14.7% inKsldying less than 3 miles from the site.
Moreover, this estimate continues to be statidticagnificant at conventional levels when the
standard errors are clustered at the tract-leVbese block results complement our tract results
that deletion from the NPL raises housing value24€$%% at the 10th percentile, 20.3% at the
median, and 18.6% at the"™percentile of tract-level housing values. Weilatile the smaller
magnitudes to the different definition of exposused in the block-level analysis. In particular,
in the tract-level analysis, variation in the expr@sto deleted sites is captured by the ratio ef th
area of the tract that overlaps with the 3 milddnsurrounding the deleted sites to the total area
of the tract. At the block level, exposure of 88055 block observations to deleted sites is

measured using counts of sites located within 2srfilom the block centroid.
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Looking at the other milestones, the block resultiscate a comparable level of
depreciation (-8.6%) associated with proposal. yTdiso indicate a sizable appreciation in
housing values relative to the pre-proposal stagers when the site is listed, with only small
additional appreciation occurring at constructiomplete and deletioff. In contrast, when we
carried out the tract-level analysis, we found thaizable appreciation in housing values
occurred at listing for houses in the lower perntesit but that there was appreciation that
occurred at construction complete for all percestilCompared with the tract-level results, the
block-level results therefore suggest that the mtagkmore forward looking in treating the
listing of a site on the NPL as a strong indicatioat the site will be cleaned. Again, these
differences may be ascribed to differences in gfendions of exposure used in the two

analyses.

6.7 Other Potential Estimation Issues

We discuss two potential estimation issues thaindprther examination, are not likely
to negate our inference in the tract and blockyses. First, identifying the effect of deletion
will be made more difficult if sites that are evealty deleted differ systematically from sites
that do not reach this milestone in our study meriBlowever, Sigman’s (2001) study of the
pace of progress at Superfund sites suggestdhthaixtent of bias on our estimate of deletion is
likely to be limited. In particular, our panel appch deals with time-invariant unobservable
variables. The following variables are modeledirag-invariant in Sigman (2001):

socioeconomic characteristics, voter turnout, gohinical complexity of the cleanup, and the

%% From our tests of the equality of coefficients, ave able to conclude that the estimates for
listing and construction complete are statisticdifferent, as are the estimates for construction
complete and deletion.
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presence of potentially responsible parties (PRBs. panel approach is not able to control for
time-varying correlated unobservables, but factoosleled as time-varying in Sigman’s study
are found to have limited or no influence on sif@eigress. Public funding, for example, does
not influence the progress from listing to the Rdaaf Decision (ROD), and legislative
influence does not affect the sites’ progress fligsting through ROD to construction complete.
While public funding does influence the pace ofgsess from ROD to listing, Sigman (2001)
notes that most funding for cleanup at this stamees from PRPs under their agreement with
the EPA.

A secondelated issue is whether sites that receive thandle treatment are likely to
have received systematically more intensive cleadhap comparison sites that have yet to
receive cleanup. If this concern is valid, then @stimates are larger on average than those that
would be realized by the cleanup of other sitegaineral. Our estimation strategy addresses this
issue using fixed effects to control for time-inaaut unobservables, and by comparing sites that
are similar in terms of their 1982 HRS scores (Whduces the possibility for variation in the
extent of cleanup to arise from time-varying unotakles). Moreover, previous studies suggest
that the extent of cleanup does not vary systemlgtizith observed neighborhood
characteristics. For instance, the EPA did nobskdess permanent cleanup options for sites
with lower median household income or with greateares of non-white residents at the zip-
code level (Gupta et al. 1996). Similarly, th@exditure to avert an average cancer case in
NPL sites was not influenced by mean income or nitynpopulation within a 1-mile ring of
NPL sites; among the less hazardous sites, howeaeation can arise from constituents’
political activity (Hamilton and Viscusi 1999). Hulton and Viscusi (1999) note that although

EPA'’s directive set a baseline for cleanup starglariéanup is set at more stringent levels in
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states with stricter standartls. However, the state-level source of variatiothim extent of
cleanup does not bias our study because we do/siginsatically compare cleanup in sites

located more stringent states relative to siteso/be cleaned located less stringent states.

6.8 Supporting Evidence for Tract Analysis From Haoise-Level Data

Our tract results are consistent with the obsesuatiat NPL sites are located closer to
the lower-value houses within each tract. We mlewirect evidence for this spatial distribution
using geo-coded transactions data from Dataquiitkritation Systems drawn from ten states.
Table 7 summarizes the distribution of housing dai Superfund sites by states and site status.
Superfund sites included in this analysis are s$itaswere scored in 1982 that had the same
status in both 1990 and 2000. We have 68 siteéstheer reached the proposal stage, 94 sites
that were listed in both years, and 2 sites thaewleleted in both years. Considering only sites
where status did not change over the course ofiizdde, it is a simple matter to assign each
house in the tracts surrounding these sites tdedeaf the within-tract price distribution without
worrying that changing house prices (caused bygharsite status) would alter that
assignment.

We begin by taking all houses that transacted duhe period 1990 - 2000 in the 3 mile

buffer surrounding each site. We subtract the nuéadine prices of all houses sold in a particular

2" Viscusi and Hamilton (1999) provide details orsthoint. The 1991 EPA directive set a
baseline of cleanup standards — the cumulativerzagenic site risk to an individual based on
reasonable exposure for both current and future lese is less than T@&nd the non-
carcinogenic hazard quotient is less than onerdotge, the cleanup goal is more stringent.
Variation in environmental cleanup targets caneaftism state-level variation in environmental
standards. The 1986 Congress directed that rehsdians must meet federal standards and
states’ standards if stricter.

28 Specifically, these include Arizona, Californiagihecticut, Massachusetts, New Jersey,
North Carolina, Oregon, Rhode Island, Tennessea\axhington.
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tract-year from the price of each house sold in titaet-year. We then pool all of these mean-
differenced transaction prices within each traarahe course of the decade. Next, we allocate
each house to a decile of the within-tract distidiuof mean-differenced transaction prices.
Finally, we calculate the percentage of housesahelecile that are within X km of a Superfund
site (X =1, 2, and 3 km). We then normalize by élverage probability of exposure in the entire
sample (i.e., approximately 5%).

Figures 1 through 4 describe the results of thes@ge. Figure 1 uses all sites regardless
of status (as long as site status was the san@9id dnd 2000). The first panel shows that
houses in the lowest decile are 38.5% more likedytthose in the highest decile to be exposed
to a site at 1 km. 95% confidence intervals shioat this difference is statistically significant.
The remaining two panels show that this differetisappears as we consider larger exposure
buffers.

Figures 2, 3 and 4 repeat this exercise using sitdg that are pre-proposal, listed, or
deleted in both 1990 and 2000, respectively. \We fiatterns similar to those in Figure 1.
Considering exposure defined at 1 km, Figure 2 shibvat houses in the lowest decile are 26.3%
more likely to be exposed than houses in the higthessle. Figure 3 puts this difference at
44.7% for listed sites, and Figure 4 reveals sedffice of 46.3% for deleted sites (although this
last difference is not statistically significantying to the smaller sample size for deleted sites).
In all cases, these differences disappear as wadsmrexposure defined at larger distances.

Together, these figures provide direct evidencedkposure to Superfund sites is
heterogeneous within tracts. This explains théepas revealed by our tract-level results, and

suggests that a focus on within-tract medians ntlggriefore be misleading.
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7. Comparison of Our Results with Greenstone and &@lagher (2008)

Our conclusions stand in contrast with GG’s conoclushat cleanup leads to no or little
effect in raising median housing values. Our stdiffers from GG'’s in at least two important
ways. First, we examine deletion, which signaéseéhd of cleanup, separately from listing;
because of this, we rely on panel methods instéasstsumental variables to control for time-
invariant unobservablég. In contrast, GG examine the effect of a varidbh# combines two
distinct milestones in the Superfund remediatiarcpss — listing and deletion. This
combination, which allows for their instrumentariadles strategy, comes at the cost of biasing
downward their estimate of cleanup; listing has ignbus overall effects on housing prices,
while deletion is likely to raise housing pricsWe argue that our approach of measuring
cleanup using the deletion milestone (relying ongb&ariation instead of the GG IV strategy)
will incur less bias than GG’s approach of meagualeanup by conflating the deletion and
listing milestones.

Indeed, we do not find a statistically significafiiect of listing at the within-tract
median. Recognizing that there are a significamilper of sites that only achieve the listing
designation (69) compared with the number achieeorgstruction complete (89) or deleted (57)
status by 2000, this could explain the differencéhe results of the two studies. In particular,
our tract-level analysis reveals that listing oa MPL per se does not lead a statistically
significant appreciation at the tract-leweédianhousing values. The point estimate of 5.3% is

not statistically significant at conventional levelinstead, the appreciation at the median tract

29 We describe evidence from previous studies asdirect strategy to address concerns from
time-varying unobservables in section 6.7.

%9 GG use the 1982 HRS score to instrument for thialvie indicating that a site has been listed
on (or deleted from) the NPL by 2000; that onealale cannot separately instrument for the two
milestones of listing and deletion.
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housing values occurs mainly after some cleanugsurea are undertaken, both after the
completion of physical construction and after tbenpletion of all remedial actions. Relative to
pre-proposal baseline, we find tract median housalges appreciate by 11.3% and by 20.3% in
response to the construction complete and deletitestones, respectively (Table 3).

The analysis of listing on the NPL yields two imfaort lessons. First, an analysis of
median housing values ignores within-tract hetemegg and misses the effects at the lower tails
of the house price distribution. While a focusneadian housing values would have concluded
there is no appreciation in response to listinghfer examination of the within-tract
heterogeneity would have detected statisticallypifigant appreciation in response to listing.

The within-tract appreciation amounts to 9%, 7.8%,and 5.6% at the TGo the 48

percentile of tract-level housing values (Table Bhis result is confirmed by our block-level
analysis. Second, the analysis of median tracsingwalues can fail to detect effects evident in
data at finer geographical resolution. As seehable 6, median block housing values
appreciate by 11.8% in response to listing.

Nevertheless, our study and GG’s study reinforod @ther in one important way —
taken together, they rule out the case that thefiisrirom a cleanup, measured as capitalization
into housing values, are manifest across a largg aDur finding that benefits are highly
localized within the tract — relative to the casleanefits were to appear over a larger area — may
make it more difficult for the aggregate benefit@@leanup to exceed the costs. A more

detailed comparison of our study and GG's studylmfound in the Online Appendix.
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8. Cost-Benefit Analysis

We estimate benefits associated with cleanup fbihsites that have been deleted from
the NPL as of 2000. For each site, we considetdnaithin the 3 mile buffer drawn around the
site. The benefit per tract for houses ata‘H@ercentiIe is obtained by multiplying the share of
the tract exposed to the deleted sites, the daletefficient ford" percentile (from Table 3),
and one-tenth of the number of owner occupied Imgusnits in the tract. We then sum the
benefits within each tract for houses from th& fdthe 9¢' percentiles. Finally, we sum the
benefits for all tracts within the 3 mile buffer @fgiven site.

For comparison, we use actual cleanup costs byshkshed by GG (2005), based on
their “best effort to calculate the actual amoudrd on remedial action at each site by the EPA,
state governments, and responsible parfles3G note that their cost figures may not account
for all state costs, and hence may be underessm@& 2005, Data Appendix) Still, they are
the best cost estimates that we were able to obMN@xt, we compare the estimated benefits and
actual cleanup costs by site, for the 55 out o$if&s for which costs data are available.

The estimated benefits and the actual cleanup ecstss these sites show considerable
heterogeneity. The mean and standard deviatitimeoéstimated benefits are $72 million and
$121 million respectively; while the mean and stadddeviation for costs are $9 million and
$13 million respectively. The histogram of the astimated net benefits plotted in Figure 5.

For 35 out of 55 sites, we find that cleanup yigldsitive net benefits. These results suggest

that for the majority of the deleted sites, the &tynd program does pass a simple cost-benefit

31 GG reports that these costs are “the sum of the &Rual costs and the PRP estimated costs.
Direct costs include remedial action and operatanms management costs. Indirect costs are the
EPA'’s estimate of the portion of the Superfund paog costs (personnel wages, travel costs to
inspect the sites, etc.) that are attributed th séte. These are EPA estimates for additional
Potential Responsible Party costs.” (GG 2005, Baj@endix)

29



test, where benefits are estimated from the apgiieniin housing values. We note several
outliers with very large net benefits, which mayitglausibly large. These outliers may have
arisen from our approach of estimating the aveteggment effects of cleanup across sites,

suggesting the need for future work to examinehtterogeneity of cleanup effects across sites.

9. Conclusion

Our study shows that benefits from Superfund reateah activities can be highly
localized. Our proposed refinement to the hedorethod — i.e., consideration of the entire
distribution of the housing values within the traanables the possible detection of localized
benefits at the sub-tract level using tract-levatbd When we apply this refined method to the
evaluation of the benefits from Superfund remedmtwedetect significant within-tract
heterogeneity. Cleanup causes greater appreci@iqercentage terms) of housing prices at the
lower deciles — i.e., by 24.5% at the 10th peréen0.3% at the median, and 18.6% at th& 90
percentile of the within tract distribution. Rested access block data, observed at a fine level
of geographical resolution, confirms this pointparticular, we find that owner-occupied
housing values appreciate by 14.7% for blocks lyasg than 3 miles from remediated sites.

The pattern of within-tract heterogeneity is mostlent in the response to the listing on
the NPL, the intermediate Superfund milestone windrcates the site will be cleaned at some
point in the future. Listing on the NPL resultsaippreciation of 9% to 5.6% at the™1® the
40" percentiles of housing values, but estimateseatrtadian and higher percentiles are not
statistically significant. The analysis of listinging median tract housing values can therefore
fail to detect effects evident in data at finer gg@gphical resolution. As seen in Table 6, median

block housing values appreciate by 11.8% in respéméisting. One can imagine other
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situations in which the distribution of benefitssisch that a focus on the mean or median could
lead to a failure to detect any treatment impadtsuld those impacts exist only in the tails of
the distribution of housing values.

Further investigation reveals that within-tractdregeneity is partly explained by the
spatial distribution of Superfund sites. Geo-cobedsing transactions data from ten states
provide direct evidence of the proximity of thegesto the cheaper houses within each tract.
Finally, our cost-benefit analysis indicates tHataup under the Superfund program yields
positive net benefits for 35 out of 55 sites thetdrbeen deleted from the NPL by 2000.

The localized nature of these benefits (e.g.,astib-tract level) has important
methodological implications for analysts who areéal to rely on coarse-resolution, publicly
available (e.g. tract-level) data. In particuthe analyst must consider heterogeneity within
those units, paying particular attention to théstaf the housing value distribution. Otherwise,
the standard hedonic approach of focusingne@dianhousing values may understate or fail to
detect these benefits altogether.

Our proposed method has its limits. Not all laoadi benefits detectable with finer
resolution block- and house-level data may be fdundn analysis of the tract-level housing
price distribution. Nor can analyses like thatdwcted here detect heterogeneity in the
valuation of cleanup across housing markets thgtlmaevident in house-level data (Kiel and
Williams 2007). However, given the reality thatmgdedonic studies are forced rely on tract,
zip-code, or county-level data (the advantageshotiwinclude accessibility and nationwide
coverage), our extension avoids an important soofrbéas that results from a narrow focus on

mean or median housing values.
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Table 1: Summary statistics for 3 mile tracts ado8R1 sites (No. obs.=3,584)

Variable

Housing value distribution

10" percentile
2d" percentile
3" percentik
4" percentik
5" percentik
6" percentik
7¢" percentik
s percentil
o" percentil

Share of tract exposed to a Superfund milestone

Proposal
Listing

Construction Complete

Deletion
Other variables
% units occupied
% owner occupied
Housing unit density
Population Density
% Black
% Hispanic
% under 18 years old
% high school dropout
% college educated
% below poverty line
% public assistance
% female head of HH
Mean HH income
% attached homes
% mobile homes
% 0-2 bedrooms
% 3-4 bedrooms

% units buitt within 5 years
% units buitt within 10 years
% living in the same house

in the last 5 years

1990 1990
Mean  Std Dev
$46,918 $37,940
$56,291 $43,197
$63,34. $47,13
$69,791  $50,73:
$76,22! $54.44:
$83,311  $58,72
$91,52( $63,24
$102,411 $69,17-
$120,71 $78,99
0.007 0.030
0.316 0.414
0.024 0.145
0.018 0.122
92.2 7.0
64.8 21.9
0.001 0.002
0.002 0.004
12.3 22.7
6.3 13.3
25.0 6.2
25.5 13.6
19.3 14.4
12.6 12.0
8.0 7.9
23.866  16.040
$38,733 $16,996
7.7 16.7
57 11.1
28.8 16.7
66.4 16.2
7.9 10.4
3.8 16.2
55.7 12.7

2000 2000
Mean Std Dev
$48,222  $38,483
$57,212  $45,645
$64,17! $50,25:
$70,66:  $54,49:
$77,35¢  $59,18!
$84,65: $64,37!
$93,38¢  $70,41!
$105,42.  $78,58I
$127,070  $94,57!
0.006 0.068
0.168 0.343
0.111 0.283
0.097 0.275
92.8 5.7
65.2 22.7
0.001 0.002
0.002 0.004
14.3 23.1
10.0 16.6
25.2 6.3
20.4 12.8
23.1 16.7
12.6 10.9
3.7 7.6
25.865 15.729
$55,744  $24,863
8.3 16.7
5.4 10.8
23.7 16.8
6.5 16.3
6.8 9.3
12.3 14.3
56.1 12.3

Notes: Housing unit density and population deresigy in counts perz.
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Table 2. Interpretation of Coefficients

Change in Superfund milestone Estimated effect
Not Proposed to Propos B1

Not Proposed to Listt B2

Not Proposed to Construction Comple 3

Not Proposed to Delet Ba

Proposed to Listed B2 - P1
Proposed to Construction Completed B3 - B1
Proposed to Deleted B4 - B1

Listed to Construction Completed B3 - P2

Listed to Delete Bs - P2

No change in stat Omitted case

Notes: The coefficients refer to Equation 2 in Secti
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Table 3: Panel analysis of tracts within 3 mileférdg of 321 sites whose 1982 HRS scores are i6,(46.5)

[1] [2] [3] [4] [5] [6] [7] [8] (9]

Percenties = 10 20 30 40 50 60 70 80 90

Panel A: Dependent variable:Log price of owner occupied housing units atth percentil

A Proposal 0.127* -0.124*" -0.118 -0110 -0.104 -0.0355 76.0° -0.063  -0.034
" 0.077) " (0.074) " (0.072)" (0.071) (0.071) (0.073) (0.074) .07Q) = (0.066)

A Listing 0.090% 0.073*  0.060* 0.056*  0.053  0.048" 0053 0283 = 0.031

" (0.036) © (0.035) © (0.033)" (0.033] (0.03Z) (0.032) (0.022) .0%@) = (0.032)
A Construction  0.138%% 0.136%* 0.127%* 0.120%* 0.113* 0.110"* 0.113"* 0.098%* 0.069**
Complete ~ (0.036)" (0.035)° (0.038) (0.035) (0.032) (8)03 (0.033) = (0.031)  (0.031)

A Deletion 0.245%% 0.217+* 0.213%* 0.206"* 0.203%* 0.200%* 0.195%* 0.185%* 0,186%*
" (0.041) " (0.040) © (0.038)" (0.038] (0.037) (0.037) (0.027) .0%6) ~ (0.036)
R-sqr " 0238 " 0278" 0276° 0261 0258 0276 0285 0285  0.267

Panel B: Dependent variable:Price of owner occupied housing units at@tiepercentile
A Proposal  -2523 | -2250 " 2541 7 -3545°7 3901”7 -3910 -3,3432,705 "-1,169
3190) "(3528) " (3,749) " (4,021) " (4423)" (4,798) (5375 ,58%)  (5790)
A Listing 3517 2695 1922 1277 " 1260 " 810 © 1486 ° 909 ' @46
572 "(1792) " (1973) " (2204) " (2,351) (2,504.16'(2,795) (2,900) " (3,386)
A Construction 5101 4,828 4,623~ 3972 3936 = 3611 584 3820  -985
Complete ' (1,607) ~ (1,874) = (2,095 (2436) (2,602) @727(2,879) ' (2,992)  (3.471)
A Deletion 9,240%* 10,226*** 11,417** 11,581** 12,292** 12 581** 12,129** 12,824** 17 553***
,764) "(2049) (2235 " (2581) T (2,759) " (2,916) (3,728) ,768)  (4,447)
R-sqr 0129 0170 0179 " 0170 " o0.171 " 0.188° 0.209° 0.226  0.23~
Notes: Panel A Columns (1) to (9) represent @di#iit regressions of changes in log of housinggrit thebth
percentiles on the change in exposure to Superfiladtones. Panel B Columns (1) to (9) represeathér regressiol
with changes in housing prices as the dependeiatl@arExposure to deletion is measured usingatie of the area
of the tract that falls in the 3 mile buffer of eledd sites to the total area of the tract. The gdndmexposure to
deletion is measured between 1990 and 2000. Thageha exposure to other Superfund milestones eiiieed
analogously. The control variables (in changes betw1990 and 2000) are listed in Table 1. The ss@gne is
weighted using the number of owner-occupied housnitg. No obs=3,584. Robust standard errors iargheses.
Estimates are statistically significant at **1%5% and *10%.
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Table 4: Panel alysis of tracts within 3 mile buffers of 321 sites whose 1982 HRS sames (16.5, 40.!

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10]

Dependent variable: Log price of owner occupied housing units étttipercentile

Not weighte: Weighted with the no of owner occupied housing units
Robust standard errors Standard errors clustered at the county-level
Percentles 10 30 50 70 9 " 10 30 50 70 90

Proposal  -0.118 -0.119* -0.097 -0.074 -0.032  -0.127 -0.118 -0.104 -0076 -0.034
" 0.081) " (0.072)" (0.069) (0.071) " (0.067) " (0.287) " (0.263) " (0.254) " (0.272)" (0.243)
Listing 0.162%* 0.104** 0.093** 0.084* 0.069** ' 0.090 = 0.060 ~ 0.053 = 0.053 = 0.031
" (0.040) " (0.036)" (0.034) (0.035) " (0.034) " (0.091) " (0.092) " (0.090) " (0.092)" (0.086)
Construction ~ 0.200%%* 0.171** 0.167** 0.161** 0.122%* ' 0.138 = 0.127 = 0.113 = 0.113  0.069
Complete  (0.040) = (0.036)" (0.035) (0.035) ~ (0.034) " (0.103) " (0.108) " (0.107) ~ (0.106)" (0.095)
Deletion 0.307%% 0.246%* 0.240%* 0.221** 0.195%* 0.245% 0.213* 0.203* 0.195* 0.186*
" (0.044) " (0.040)" (0.038) (0.039) " (0.039) " (0.112) " (0.112) " (0.110) " (0.114)" (0.108)
R-squared  0.1437 0207 " 0221 " 0234 " 0209 " 0238 " 0276 " 0258 " 0285 " 0.267
Notes: Each column represents a separate regression. These regassaralogous to the main regressions in
Table 3. Regression models in Columns 1-5 are not weighted. Regression modelsin 610 have standard err
clustered at the county-level. No. obs.=3,584. Statistically signifitami&o; ** 5% and * 10%.
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Table 5: Panel analysis of tracts within 2 mileférg of 321 sites whose 1982 HRS scores are i6,(46.5)

[1] [2] [3] [4] [5] [6] [7] [8] [9]

Percentles 10 20 30 40 50 60 70 80 90

Dependent variablA Log price of owner occupied housing units atéth percentil

A Proposal -0.248~ -0.206*" -0.193" -0.177 -0.18) -0.1€8 169 = -0.144 = -0.118
" (0.123) " (0.118) " (0.118)" (0.118) (0.116) (0.118) (0.117) .11@) = (0.113)

A Listing " 0079 © 0076~ 0079 008 0079 0069 0074 0.070 4.0

" (0.055) " (0.053) " (0.051)" (0.052) (0.051) (0.050) (0.049) .048) ~ (0.052)

A Construction  0.144% 0.152%%* 0.154%* 0.154%* 0.148** 0.135* 0.136** 0.119%  0.073
Complete ~ (0.059) (0.057) (0.056) (0.057) (0.055) 5B)0 (0.053)  (0.052)  (0.055)

A Deletion 0.262%* (0.262*** 0.264** 0.264** 0.259** 0.244** (0.249** 0.240** 0.208***

" 0.067) " (0.064) " (0.062)" (0.063) (0.061) (0.060)  (0.059) .0%8) = (0.060)
R-squared ~ 02507 0.300° 029§ 0306  0.303 0297 0293  0.596 2650.
Notes: The regressions in this tables are analagdhe main regressions in Table 3. However, 1=si0as
in this table examine the tracts that overlap Withile buffers around sites whose HRS scoresma#6i5, 40.5).
Each column represents a separate regression ch#mge in the log housing price at 6th percentiles on the char
in exposure to Superfund milestones. The exposudelétion is measured using the ratio of the afdéhe tract that
falls in the 2 mile buffer of deleted sites to tbal area of the tract. The change in exposudeltion is measured
between 1990 and 2000. The change in exposuréeo Superfund miestones are measured analogdimsy.
regressions are weighted using the number of owoeupied housing units. No. obs.= 2,246. Robusidstal errors are
in parenthesis. Estimates are statistically s@mifi at ***1%, **5% and *10%.
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Table 6: Panel analysis of census block median housing values on counts of Superfund sites a
various milestones.

Dependent variable: Change in the log censmskbmedian housing pri
Variables of interest:

Change in the counts of sites that are Proposed -0.18§& ***
(0.021)

Change in the counts of sites that are Listed 0.11§& ***
(0.013)

Change in the counts of sites that are Construction Completed 0.131 ***
(0.014)

Change in the counts of sites that are Deletion 0.147 ***
(0.015)
Number of observatiol 59,055

Test statistics that Superfund milestones have equal coefficients

Coefficients for Proposal and Listing 0.000
Coefficients for Listing and Construction Complete 0.009
Coefficients for Construction Complete and Deletion 0.027

Notes: The observations are blocks that are awedaivithin the tracts that lie within 3 rr buffers around the 321
sites whose 1982 HRS lie within (16.5, 40.5). finep words, th@anel analysis examines blocks within tr

that were examined in the tract panel analysisabld 3. Counts of sites are measured 2 miles fhanblock
centroid. The panel analysis measures changegbpt®990 and 2000. Control variables (in changess)
analogougo those listed in Table 1. Robust standard eagsn parenthesis. Statistically signific

at ***1%, **5% and *10%.
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Table 7: Housing Transactions and Site Countsthte&nd Site Status

State All Listed Deleted Pre-Proposal
Houses Sites Houses Sites Houses Sites Houses
AZ 27,892 5 27,892 5
CA 77,376 29 55,263 16 22,113 13
CT 29,504 12 16,090 8 13,414 4
MA 68,231 15 46,865 10 21,366 5
NJ 65,459 62 40,647 37 781 1 24,031 24
NC 1,634 2 1,634 2
OR 13,723 6 5,108 1 8,615 5
RI 36,346 13 18,162 8 18,184 5
TN 21,739 7 4,179 1 17,560 6
WA 78,067 13 44,794 8 1,296 1 31,977 4
Total 419,971 164 259,000 94 2,077 2 158,894 68
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Figure 2: Housing Transaction Exposure Measurd3dnjle (Pre-Proposal Sites)
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Figure 3: Housing Transaction Exposure Measurd3dnyle (Listed Sites)
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Figure 4: Housing Transaction Exposure Measurd3dmjle (Deleted Sites)
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Figure 5: Distribution of net benefits from Superfiucleanup at each of the 55 sites that
have been deleted from the NPL
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ONLINE APPENDIX

Figure Al: Progression of the 321 sites with HR&®s in the (16.5, 40.5) interval

*> The remaining 105 sites do not register any Supdrfailestones in 1990 or in 2000.
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Table Al: Price Intervals for Counts of Owner Ocadipiousing

in thousands of dollars in the 1990 and 2000 Det&@nsus

Year

# Categories 1990 2000
1 <$15 <$10
2 $15-20 $10-15
3 $20-25 $15-20
4 $25-30 $20-25
5 $30-35 $25-30
6 $35-40 $30-35
7 $40-45 $35-40
8 $45-50 $40-50
9 $50-60 $50-60
10 $60-75 $60-70
11 $75-100 $70-80
12 $100-125 $80-90
13 $125-150 $90-100
14 $150-175 $100-125
15 $175-200 $125-150
16 $200-250 $150-175
17 $250-300 $175-200
18 $300-400 $200-250
19 $400-500 $250-300
20 >$500 $300-400
21 $400-$500
22 $500-750
23 $750-1 milion
24 >$1 million

Notes: We calculate the discrete distribution afg®values within each tract
using counts of houses with owners' stated valugarious intervals

from the Decennial Census. These values, withiawtlitsteps, are used to
calculate the log price of the owner-occupied Imgusnits for the

oth percentile in the within-tract housing valuestribution.
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Table A2: Panel analysis of tracts within 3 mildéférs around 299 sites (i.e., restricted to tracts
that are exposed to only 1 site)

o [2] [3] [4] [5] [6] [7] [8] [9]
Percentiles 10 20 30 40 50 60 70 80 90
Dependent variablex Log price of owner occupied housing units atétiepercentile
AProposal  -0.053 ' -0.044 = -0.028 -0.020° -0.011 -0.002 0.003 0080. 0.034
0.110) "(0.106) " (0.101) " (0.099) " (0.099)" (0.104] (0.10€) .1G8) ' (0.097)
A Listing 0.201%* 0.203* 0.181%* 0.170** 0.157* 0.144* 0.133 0.116" 0.08!
10.072) "(0.070) " (0.066) " (0.064) " (0.064)" (0.066) (0.06%) .068)  (0.066)
A Construction 0.252** (0.269** 0.252** (0.236** 0.218* 0.207*** 0.192** ().168** 0.118*
0.074) "(0.072) " (0.068) " (0.066) (0.066)° (0.068) (0.07C) .060) ' (0.068)
A Deletion 0.327%* 0.317** 0.306*** 0.293** 0.278** 0.265** (0.238** 0.223** ().211**
10.077) "(0.075) " (0.071) " (0.069) " (0.069)" (0.071) (0.07£) .078) ' (0.071)
Observatons ' 2993 ~ 2993 " 2993 " 2093 © 2003 " 2993 2993 2095 = 2993
R-squared  0.234 0271 ~ 0266 0249 0248 0267 0273  0.277 2610.
Notes: Columns (1) to (9) represent 9 differegressions of changes in log of housing priceseafbttin
percenties on the change in exposure to Superfiledtones. Exposure to deletion is measured tistngatio
of the area of the of the tract that falls in theni® buffer of deleted sites to the total aresheftract. The change
in exposure to deletion is measured between 199@@00. The change in other Superfund milestone sl@finec
analogously. The control variables (in changes betw1990 and 2000) are listed in Table 1. The ss@gne is
weighted using the number of owner-occupied housiitg No obs=2,99. Robust standard errors in parenthe
Estimates are statistically significant at **1%5% and *10%.
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Detailed Comparison with Greenstone and Gallagher2008)
A detailed comparison our study and GreenstoneGallhgher (2008) (hereafter GG) is

summarized in Table A3. We describe some of tddssrences below.

(1) Unit of Observation

Our primary analysis examines tracts surrounditegsvith HRS 1982 as the
observations. In other words, each tract thas faio a 3 mile buffer drawn around each of these
sites serves as an observations in our studyontrast, GG’s analysis treats the site as the unit
of observation, using some combination of attrisuteeither (i) own-tract, (ii) adjacent tracts,
or (iii) tracts inside 2-mile and 3 mile buffer$he number of observations in GG’s analysis

therefore corresponds to the number of sites irsémeple.

(2) Sites

GG makes the persuasive argument that the compasismld be made among sites that
are similar except in their receipt of treatmenhe first comparison is among the 690 sites
which received 1982 HRS scores — 400 are listetth@e™NPL, and 290 missed being listed on the
NPL. The second comparison is among 332 siteskRB scores that fall just above and below
the 28.5 regulatory cutoff, i.e., (16.5, 40.5).eldecond comparison narrows the differences
across sites other than the Superfund treatment.

Our study examines 331 out of the 332 sites whd?®8 Bcores fall within in (16.5, 40.5)
(we drop one site with missing geocoordinates). éx@mine 227 out of the 332 sites, dropping
95 sites because of missing 1980 covariates. €texton of appreciation in our tract-analysis

and the non-detection in the GG analysis doesteat fom the differences in the composition
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of sites examined in these two studies. In Tallewe re-estimate our panel model using the
tracts that fall in the 3 mile buffer around th@2& sites. Results indicate that cleanup raised
housing values by 25.7% at the‘ﬁ;ﬁbrcentile, 21.9% at the median and 20.3% at@fe 9
percentile of tract-level housing values. Theseilte are similar to our earlier results of the
tracts that fall in the 3 mile buffer around thel 33tes (Table 3), i.e., cleanup raised housing
values by 24.5% at the 10% percentile, 20.3% anbtedian, and 18.6% at the‘@ﬁercentile of
tract-leveling housing values.

The GG model’s inability to detect statisticallgsificant estimates of the impact of
cleanup may result from their treatment of thesatations. In their analysis of tracts in
buffers surrounding a site, GG aggregate the obiens from the collection of tracts
surrounding a site to one observation per sitds fidduces the information available to estimate

the impact of cleanup.

(3) Model Specification

As described in section 4.1, we begin with the ddadh hedonic specification that relates
tract- or block-level housing values with contengy@ous tract or block attributes, and then
differences across the 2000 and 1990 specificatroasder to control for time invariant
unobservables at the tract or block level. In st GG's regression model relates 2000 tract
median housing values to 1980 tract characteriatics1980 tract median values; they argue that
1980 tract attributes are correlated with the 28@0butes, but are pre-determined with respect
to Superfund site status. Deriving the GG regogsspecification from 1990 and 2000 hedonic

price functions, however, we find that the resigltiegression error will be correlated with the
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key variables appearing on the right-hand-sidéefregression, biasing parameter estimates. To

illustrate this, begin with a hedonic price functior each yeat®

Ye2000 = 01(NPLgo0 = 1) + X(20008 + Ucz000 (A1)

Ye19g0 = O1(NPLgiggo = 1) + Xig9goB + Uci9s0

Noting thatNPL.95, = 0, we can multiply the second equationgoyand then difference these

two equations to obtain:

Ye2000 — PYVe1os0 = OL(NPLcygoo = 1) + (Xc2000 — PXc1980) B + (Ucz000 — PUcr9g0) (A2)

In order to convert this into the equation estirddig GG, we need to (i) adaly .45, t0 both

sides of the equation, and (ii) mo¥g,,,,p into the regression error term:

Yez000 = O1(NPLyooo = 1) — Xlq9g0¥ + ®Yc1980 T (Xi20008 + Uc2000 — PUciogo)  (A3)

&

wherey = ¢f. Note that the resulting regression erggnyill contain the unobserved
determinants of the 1980 median house vajute.{y5,), SO that the 1980 median (or mean)
housing value will naturally be correlated withligsed on the original hedonic specification.
Because year 2000 covariates are relegated tedjnession error, 1980 covariat&S,g,) Will

likely be correlated with this component of theoeterm as well. Finally, the main variable of

33 For this illustration, we use GG’s notation, where, oo refers to the median housing value in
census tract ¢ in year 2000(NPL_,000 = 1) is an indicator taking the value 1 if that tragtsv
exposed to either a listed or deleted site inykat, andX,,,, iS @ vector of tract attributes).
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interest (year 2000 NPL status) will be correlatgith the regression error term if it is correlated
with year 2000 covariates, which we might also sasfo be the case. GG will therefore need to
rely on their regression discontinuity and 1V apariees to eliminate any bias stemming from

this correlation.
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Table A3. Comparison of our study with GG (2008)

1.

Research Measure the effect of deletion Medbereffect of lising
Question relative to the pre-proposal stage/ersus non-listing.
. Treatment Deletion from the NPL, which Listingtbe NPL, i.e. an
examined signals the end of cleanup. inteiate Superfund miestone.
. Outcome Distribution of housing values Medianttiaeel housing
variable within the tract. values.
. Unit of Tracts Sites.
observation which fall within the buffer Hawgiand other attributes are
around sites. (i) tracts on which sites are latate
(i) average attribute of tracts that
overlap with the buffer around the site.
. Sites in the 321 sites 227 sites
Regression Restrict to 322 sites that received striReto 322 sites that received
Discontinuty =~ 16.5 1982-HRS< 40.5 16.5< 1982-HRS< 40.5
(RD) sample  Drop 1 site without Drop 95 sites thumissing
geocoordinates. 1980 covariates.
. Affected Buffer of 3 miles Buffer of 3 miles
neighborhoods and 2 miles. and 5 mies.
. Measure of  Share of tract that overlap with
exposure to  buffer surrounding NPL sites
treatment ..e., whether proposed, listed,
or deleted.
. Estimation Panel analysis (1990 and 2000) Instntehvariable
model to measure separately the 1982 HR@ssas the instrumental
miestones of proposal, listing variable fostihg on the NPL
and deletion. in 2000".
. Model Begin with the standard hedonic Model esl#2000 prices
specification model relating housing prices to with Listng on the NPL in 2000
concurrent exposure and other and 1980 cowgriatel
house and neighbrhood attributes. 1982 HRS seawvhe instrument.
Then difference the 2000 and 1990
hedonic equations.
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Table A4: Panel analysis of tracts within 3 miléférs of 227 sites (i.e. sites in GG's sample)
11 [2] [3] [4] [5] 6] 7] 18] [9]
Percentiles 10 20 30 40 50 60 70 80 90
Dependent variable: Log price of owner occupiedsimguunits at théth percentile
A Proposal | -0.128 ~ -0.123 ~ -0.116 = -0.109° -0.101 -0.090  -0.0740.058 ' -0.029
0.079) (0.077) " (0.075) " (0.075)  (0.075) (0.076) (0.077) .018)  (0.070)
A Listing 0.095% 0.076* 0.064* 0.059* 0.057* @ 0.054  0.059* 0.049  0.037
0.039) (0.037) " (0.035) " (0.035)  (0.034)" (0.034) (0.034) .03a8) (0.033)
A Construction 0.154** 0.153** 0.145** 0.136** 0.132** 0.131*"* 0.135** ().121** ().092***
complete ' (0.039) ~ (0.037)  (0.036)" (0.036) (0.03€) (0)03%0.034) (0.032)  (0.033)
A Deletion 0.257*%* 0.2327* 0.228*** 0.220** 0.219*** 0.219** 0.212*** 0.201*** 0.203***
0.043) 7(0.042) " (0.040) " (0.040)" (0.040)" (0.039] (0.040) .038) ' (0.037)
R-squared 0241 0280 @ 0277 = 0258 0.256 0275 0285  0.284 2640.
Notes: Columns (1) to (9) represent 9 differegtressions of changes in log of housing pricesexittin
percentiles on the change in exposure to Superfiledtones. Exposure to deletion is measured tistgatio
of the area of the of the tract that falls in thenil®@ buffer of deleted sites to the total aresheftract. The change
in exposure to deletion is measured between 199@@00. The change in other Superfund milestone siaiinec
analogously. The control variables (in changes betw1990 and 2000) are listed in Table 1. The ssgne is
weighted using the number of owner-occupied housiitg. No obs=3,123. Robust standard errors iantheses.
Estimates are statistically significant at **1%5% and *10%.

Note that here are more tracts in the 3 mile buHfeund the 227 sites in Table A4 than in the Zrilffer around the 299 sites in
Table A2. On average, the 227 sites have morestpatsite, most likely because these sites are tikaly to be located in more
urban areas.
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