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Abstract. In this paper we review the valuation methodologies that are capable of providing
estimates of economic benefits for safe drinking water quality. The most commonly used are the
averting behavior and contingent valuation methods. Reviews of the applied valuation literature
reveals a wide range of willingness to pay estimates for protection of drinking water quality. We
provide a brief assessment of this literature, including a discussion of the validity of the studies
and the potential for transferring these estimates for use in policy analysis. In general, benefits
transfer is feasible but questions remain regarding the accuracy of these transfers. Comparative

research with revealed and stated preference approaches with benefit transfer applications is
needed.
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L Intrdduction

Re_cently,‘ the 1996 Am‘endments to the Safe Drinking Water Act were signed; These
amendments require an active role for economic analysis. For examp1¢, for all future drinking
watér standards, the EPA must conduct a thorough ‘benefit—cost a_nalyéis and use "state of the art"
economic analysis when setting standards. The requirement to balance the benefits and costs was
included in the amendments to address the concern that the health proteption benefits of the
standards might not be Wortﬂ their costs. The purpose of this paper is to assess the current "state
of the art" of the methodologiés fof measurément of the economic benefits of safe drinking water.

 Much research hés been conducted focusing on the benefits of safe drinking water, in

particular, the benefits 6f groundwater profeétion has received considerable attention. Crocker,
Forster, and Shogren (1991) provide avtheoretical framework for valuing the ex ante benefits of
preventing groundwater contaminationv.‘ vThey also explore the effects of the risk and location of
contaminat.ion,. the exposed population, ‘and risk perceptions on WTP. ‘Bergstrom, et al. (1996)
provide é concebtual model which describes the linkages between cha;nges in groundwater quality
and the services that are rcceiyed by households. With this model they propose a protocol for
~ benefits estimation that‘would a§oid missing and/or double counting values in the ecdnomic
benefits rheasurement. Abdalla (1994) and Boyle, Poe, and Bergstrom (1992) provide focused
reviews of the empirical literature in groundwater Vaiuéﬁon.

In this paper we re;vie\;v the vﬁluation techniques currently used to estimate the economic
“benefits aésociated with safe drinking water. When changes in drinking water quality can be
modeled as changes in pricés for marketed goods (i.e. bottled Water); welfare effects can be

estimated using traditional market models and changes in consumer and producer surplus (Walker



and Hoehn, 1990). However, many environmentally related welfare effects cannot be directly
traced through the market system; therefore, other methods have been developed to assess them.
These can be grouped into two categories: revealed preference and stated preferencé approaches.
II. Valuation Methods

Revealed preference approaches can be categorized as indirect market methods because
they focus on the household i)roduction of drinking water-related goods ‘anc.l the markets tﬁat are
related to it. Indirect market methods include the cost of illness approach, the averting behavior
approéch, and the hedonic pricing method. Welfare effects of changes in drinking water quality
are measured indirgctly through markets for related goods. In general, the advantag¢ of revealed
preference approaches is that they rely on historical, ex-post data by which economic values are
revealed by people's behavior. The disadvantage of this reliance is that it is oftentimes difficult t§
conduct benefits analysis of proposed policies or policy that would place individuals beyond the
bounds of their historical experience. In this case, forecasting errors can occur on the part of the |
. analyst.

Stated preference approaches can be categorized as direct market methods because they
rely on hypothetical behavior in contingent scenarios to estimate welfare éffects of changes in
drinking water quality directly. Stated preference methods include contingent valuation,
éontingent (avel}tirig) behavior, and conjoint analysis. Each of these rely on ex-ante, data,
individual forecasts of their behavior. In general, the disadvantage of sfated preference
apprdaphes is that they rely on behavioral intentions and not revealed behavior. In this case,

individuals may make their own forecast errors (not the analyst). The primary advantage of stated



preferer'lce approaches is that the contingent scenarios can be designed to analyze policy that is
uﬁfamiiiaf to respondents or beyond their range of experience.

Another aﬁproa‘ch to _Valuing safe drinking water quality is to use primary data colleeted
for other locations, ﬁme periods, and water contamination episodes by either revealed or stated
preference approaches. The results ﬁom these primary studies can be pulled "off the shelf" and
transferred to the study site and time. Beneﬁts transfer is a cost-effective approach to benefits
estimatieﬁ, hbwevejr, ‘its primary limitation is the difficulty in finding prifnary studies which match

_the conditions of the study si_te!

The' economie value of safe drinking water includes changes in expenditufes and well-
being including medical costs, lost eafnings, lost production in the home, lost leisure time, third
party expenditurebs (i.e. medical' insurance), defensive expenditures; pain and suffering, and
altruism towarel others. Eaeh of the available valuation metheds: are able to place dollar values on
most of these categories vth‘aAt affect individual well-being (Table 1). For more extensive
discussion of these methode,' see Freefnan (1993) or Bfaden and Kolstad (1991).

: Revealed Preference Approaches |

The averting behavior method,.which sumsvthe costs of actions faken to avoid a pollutant,
is thell‘nosut popular revealed preference appro‘achb to valuing safe drinking water. The averting
beha&&ot method is able to more accura’;ely estimate the WTP values that economists prefer for
welfare enalysis felative to tixe cost of nlflh‘lCSS and hedonic price mefheds. Also, thehedcv)nic price
mefhod, Wthh measures the effects of water pollution on broperty Valhes, is difficult to
implement in the safe drinking water context because drinking water is eften not a location-

specific good such as climate or the location of hazardous waste disposal sites.



Cost of Illness. Cost of illness (COI) studies measure the foregone income and the costs of
all forms of medical treatment angl adds them together to calculate the expenses of a drinking
water related illness. The COI method is straightforward because it uses market data on wages,
hours worked, prices and quantities that are revealed through changes in behavior in labor and
health care markets. It has the advantages of (1) being relatively simple to employ, (2) involving
little subjective judgment or interpretation on the part of the analyst‘ and (3) being easy to
understand by non-economists. Moreover, it has less burdensome stétistical demands than do
other methods discussed below. One complication in many health risk studies is that third parties
may bear some of the costs associated with illness through institutions such as insurance,
entitlement programs, or paid sick leave, and these may represent as much as two-thirds of all
personal care expenses. In these cases, the social costs exceed the private costs of illness. The
cost of illness approach is often able to capture these expenditures.

Unfortunately, the COI technique has several limitations. First, for those not participating
in the labor market it is difficult to accurately value the lost home production of goods and
services for which there are no market prices. For those in the labor market, it ignores the
disutility of foregone leisure, the costs of defensive expenditures, and the pain and suffering
associated with the illness. According to most interpretations, COI studies will underestimate
WTP but can at least yield accurate lowef bounds due to the exclusion of the components of
economic damages discussed above.

Averting Behavior. Averting behavior, or defensive expenditures, studies begin with the

assumption that people make choices in order to maximize their level of well-being when faced

with increased health risks associated with exposure to unsafe drinking water. Averting behavior



and drinking water quality can be conceptualized as substitutes in the household production of
health. The cost of averting or mitigating behavior that would be needed to exactly counteract
the harmful effects of a decline in drinking water quality, holding the realized héalth state
constant, is a theoretically correct measure of WTP to avoid the decline in drinking water quality.
Unfortunately, in practice this approach is difficult to implement because observed changes in
averting behavior in reaction to changes in actual drinking water quality will not necessarily
restore an individual to her original realized health state. Also, in order to measure theoretically
correct estimates of WTP the knowledge that households have about techniques for averting
health risks must be known. If other behavior and purchases change in reaction to a change in
drinking water quality, such as reductions in restaurant meals, averting behavior costs by
themselves do not fully réﬂect the economic damages of a reduction in drinking water quality.
However, even with these caveats, upper and lower bounds on WTP can be estimated with
estimates of defensive expenditures (Bartik, 1988)..

In order to use information on a\;erting behavior and costs to estimate bounds on WTP.
for improved health, one must have information about behavioral changes and costs as well as
about individual-specific characteristics. Cropper and Freeman (1991) identify categories of data
necessary for an averting-behavior study: information on symptom severity, frequency, and
duration; levels of ambient pollution exposure for each individual; information on possible
averting and 'mitigating behaviors and their costs; and relevant demographic informa’bcioﬁ. Even
with this information it may be difficult to infer the desired bounds. Costs mayvbe difficult to
measure because some averting behaviors, such as increased time spent boiling water or hauling it

from safe sources, may not involve time spent in the labor market and the value of time must be



estimated.. Also, s'ome, defensive actions involve 'the purchase of durable goovds2 such as water
' puriﬁérs, which may yield enjoyment that is independent of health benefits, such as iniprovéd
taste. The fractions of the observed cost attributable to an improvement in health or a reduction

in health risk vrrllust be known to infer atc‘curate bounds on WTP.

| HedonicPricing. Hedonic ﬁropcrty value models can be usect to> estimate pr(')pe;rty‘ov‘vners'
WTP for éhanges in_vérioﬁs attributes of a‘ gqbd by thé»prefetenées‘they reveal in land or houstng‘
'm.arkc_ts. ' In‘the case of ‘dfitlking vwvatcr quality, ptoperty poéséséing highef levels of qu'ality should
‘command highet pticeé than those_ with lower levels, all élée équal. Th¢ hcdoriic pﬁciné apI;rOach
" essentially 'asstn‘nes that tlj}c ‘commodit‘y.in qtiestion can be fully characterized by its set of
attributés.v‘ Ih‘the casie-o‘f avh“o’us‘e this would include such things as its age, the‘numberi-of rooms it
o hats, neighborﬁood‘characvzteti‘stics, ‘etnd‘p'evr'hal‘)s some méasure of local drinktng watér quaiity (t.e.'
‘etmbient concentrations of gtdﬁndWater pollutants‘),." Furthermore, it as.sumesthbat each of these
‘attribut.es has an intplicit pric‘c ‘associated vt/ith it, dntl therefore the market ptiée of the pfoperty is
equal to the sﬁm' 6f th;, implicjt prices per qnit multiplied by ﬁleetsﬁre‘s‘of the qum‘itityvof the
attribute. Embirically, by regfessing ,‘hvous‘ingv b’riées on thé corresponding set of attﬁb_utes, it is
vpossib‘l'e to estimate the implicit i)rices. Therefore, tlte implicit‘pr‘ice of a variablé rr_l_easutiﬁg
| , axvllbtent‘ grouhdv‘vatérv quztlity isy'_‘eqtlal to its marginal WTP. |

| Wﬁtle, the hedonic prébert&r ,;a:pproach ttas' the advantage ‘o'f relyitlg on data revealed
through abttial béhavitir, there gte; seyeral;disadvantages.‘ First, tlte data r¢q11ir’erﬁent$ for an
huedqnic.‘study‘ are large:. Second, ot;ly WTP \"falue's for small Changes in'watet quaiity,cari be

ES

‘accuratély estimated from the hedonic price modelsv.v In order to callcuiate the theoretically correct



-WTP values‘for large chanées in‘vvater quality? other data requirements are necessary, ‘such as "
. spatially distinct hedonic markets (Palmq'uist,“ ‘1984r).
' Stated Preferences Approaches

. Rather than relyingon obServed ‘behavior of individuals to reveal: their preferences, the .
stated preference methods use survey techniques that ask individuals for their willingne"s.s to pay
for some specified policyb or proj ect that is related to drinking vvater quality. The contin‘gent
g .Valuatlon (CV) method has become the most popular approach to valumg safe drmkmg water
The CV method is a survey approach which asks people for their WTP for safe dr1nk1ng water,
contmgent on bemgfaced with the same ch01ce when purchasm‘g the good in a market or votlng
ina policy referendum Other survey _methods exist that are similar to CV in that they ask
_ individuals to‘ express their preferences iwhen presented with hypothetical scenarios.” Those
methods include the COntingent behavior and conjoint analysis methods: These. may be more
appropriate in certam circumstances and, When combined with CV‘ may help to improve the
-vahd1ty of CV responses Contlngent behav1or and conJomt analys1s are fundamentally similar to

CV and equally hypothetlcal in nature (see Table 1)

Contingent Valuation. A contingent market ‘contains several elements which are reciuired
to ehcit .theoretically'valid measures of WT‘Pvduring a household survey O\/Iitchell and vCars.on,
" 1989) The survey instrument must blead respondents through a vaiuation exercise describing
the source of dr1nk1ng water, the goods and serv1ces that safe drmkmg water prov1de (1 e. reduced
health r1sks), and the proposed pollcy or project and how it would change drmkmg water quality.
" The contlngent market must make clear an incentive compatlble payment vehicle and pohcy

implementation rule. Payment vehicles could include higher taxes, higher prices on goods, or L



voluntary contributions toa "safe drmking water fund " An 1ncent1ve compatlble payment vehicle
would link the hypothet1ca1. payment to access to the safe drlnklng water An incentive '
compatible policy implementation rule'might include maj ority rule,v where the respondent Would
have little reasoni to not tell the: trutli al)out preferences for safevdrinking water. Finally, a
valuation question is prese_nted which' elicits statements of beliavicral' intentions about WTP.
Valuation duestions can lae open;ended,:closed-ended,- or some combination of the tyvo (ie..
" payment cards). | | |
" In the context of passive use yalues for natural resource daniages, the NOAA Panel on a
Contingent Valuation proyided a number of guidelines in crder_ for a CV‘study to‘be reliab‘le
(Arrow, et al., 1993). ,Seyeral of the guidelines are similar to guidelines presented in .Mitchell and '
Carson including use of the dichotomous chcice WTP format (relative to willingness to accept : |
questions), full reporting‘of data andiquestionnaires, debﬁefing questions; describing preserved
/substitute environmental goods, and analysis of the data for internal ccnsis'tencyi On the other
- hand, many of these guidelines have generated rnuch controversy laecause they would significantly
raise the ccstof a CV study; for example, use oi face-to-face intervieyvs, sample siies_ exceeding
1000 (for dichotomous chcice questions),“extensive pretesﬁng and pilot surveys, and ayeraging'of )
temporally varying Value estimates. Many cf these recommendations are currently being
examined in fcrthcoming and ongoing reSearch in order to determine \yhetlier they are ».ne_cessary
for reliable damage as'se‘ssinentand benefit cost analysis.l While following these
recommendations is almost certain to produce a hiéh quality CV study, 1t must be realized that the |

requirements of a study‘ for a court case with many millions of dollars are necessarily more

1 See recent issues of the Journal of Env1ronmental Economics and Management, Land
Economics, and the American Journal of Agricultural Economics o



‘stringent th_aﬁ a beﬁeﬁt—cOst an;ilysis of xélpolricy proposal. ‘Invdeed, none of the -CV Sfudies that we
review later .would' pass the NOAA Panel's reduireméhts for reliability of damage asséssmént. '
The clear advantage éf the‘ (0AY appfoach for véluing safe drinking w_atef is that it‘aliows )
the researc;her ‘to better conﬁol the yaluation scenario to measﬁfe ex-ante WTP under uncertainty
about healtﬁ outcomes. Coptingent markets can be conStrUcted.to place respondents in the séme
»'circurrblstancesbthey would f#ce with a proposed pfoje.ct. It elirhiﬁates many of the iﬁevitable
" confounding factors that are involved with measuring WTP ex-post in revealed preference studies.
Furthern%oré, it may be'the _oﬁly viable valuation alternative ‘in' situatiéns whefe there are no
related markets or observable behavior from whiéﬁ to infer individuals’ values. Fbr this reason,
‘CV is the only valuation technique for meaSuring altruism toward the heal‘;h of others and other
passive use values ‘related to drjnkin‘g water quality. |
There are several lim‘itétions to the CV mct}vloq.- First, the validity of individuals’ answers

can be tainted by strategic bias, in wﬁich case individuals may intentionally understate or overstate
their WTP if they perceive that théy can favordbly inﬂueﬁcé the policy outcome by doing so.
However, experiments With different payment vehicles have found little evidencc Qf strategic
behavior among CV respondenfs (Milon, 1989). Second, responses can Qary due to the type of
valuation question that is presented. -It has been foul.id‘that responses to CV questions can be
very sensitive to thé .way in which a ‘question is framed. One exainple of this is that answers to
c‘losed-en(vled'WTP quefétions, where the interviewer asks the indivivduabtls'to simply state whether
they are willing to pay a speciﬁc amount, tend to generate value estimates that are larger than
"when questions are open-ended, where the intefviewer asks individgals to specify their maximum

willingness to payv (Boyle, Poe, and Bergstrom, 1994). These problems are not intractable and



can often be controlled for thr-ough appropriate survey techniques.i See also Diamond and
Hansman (1992). | | |

: '.Third, the inherent hypotheticai nature of CV questions has called into question the
reliability of the values they generate. Cummings and Harrison (1994) have found that in private
- goods markets presented in an experimental setting,‘ closed-ended hypOthetical WTP valu‘es
overstate true WTP values. Stated behavioral intentions may not he fnlly—realized ‘once the '
| respondent is placed in the identical (non-hypothetical) situation, especially if iunexpected
| constraints on behavior arise. On the other hand, Carson,et al., (1996) find that'WTP‘values for |
_ iva vvide range of enVironmental commodities that provide use value do not overstate YW"II‘P when
compared to estimates derived frorn revealed preference studies. Nevertheless, in cases where
related ’markets do not exist for the commodityﬂ being valued and respondents are unfamiliar with
the good, individuals may not be able tob forinulate ’and express values because they have little or
no tangible experiences to'draw from (Whitehead, et al.., 1995)_‘ Unfortu‘nately, these are precisely
the situations in which economists mustrely on the CV method becanse there are few viable

alternatives.

Contingent Behavior. The contingent behavior method is an 'ex-ante, hypothetical version
of the ex-post averting behavior approach in which respondents are asked about theirpotential
actions if faced with unsafe drinking water. Contingent b‘ehavior studies present individnals with
: gCenar10$' in which they are _asked about vvhat they would do if they vVere faced with a drinking‘
water contamination episode. Contingent defensive expenditures after the hypothetical episode
“are measured. In an ex-ante framework, these aVerting behaviors can be used to place avalue on

changes in.he_alth risks under uncertainty about health outcomes. The advantages of the

.10



:contin‘gvel.lt b'ehévior approach, rélative to contingenfrvaluation, is that the hypothetical response
des_ired from suf_vey responses is set in a more familiar contéxt‘(i.e. purchasing bottled wafer).
‘ The d;isadvantages ldf‘ the -c.:ohtingent behavior approach are Similaf to the éverting 1b‘eh‘avior
approach; WTP can not be fuliy estimated, instead the‘ contin'gent dgfensiVe eipenditurés place a
lower bouhd on WTP. Als,o,‘ the bstated behavioral intentions may not b e realized as ac'tu_al.
behavior when thé respondent ié piaced in the same situation.

Conjoint Analysis. Conjoint analysis is an marketing technique that can be used to analyze

contingent chbices fdr safe drinking water. Conjoint anélysis data is elicited, often during
computer assisted on-site interviews or group meetings, by presenting survey respondents With
v‘situations for which bthiey‘ éupply ratings Qr»rankings of pfeferenccs fof the paired comparisons
(Viscusi, Magat, and Huber, 1991); The advantages of conjoint analysis are that it allows a wider
range of tradeoffé relataive to the CV metﬁod or contingent .behavior, such as risk-risk or risk-
cost tradeoffs. Advocates Qf vco_njoint analysis purport that it is an alternative to CV that places
respondents in a more mari(et like setting by presenting thém with a series 0 f choice options with
varying chéracteristics, including price which improves the Validity of sfated preferences. The
limitations of conjoint analysis are similar to those of the CV method (Roe, Boylé, and Teisl,
1996). Also? conjoint analysis scenarios are cognitively challenging to respondehts, especially as
the number of characteristics in the scenarios increasé, limiting the applicability of the approach.
III.  Valuation Studies
| In this séction we pféVi_de a detailed review of revealed and stated pfeference studies

' Whichvvalu'ev changés in safe drinkin‘g water . .We limit our review to studieé which provide dollar

estimates of damages from contamination or benefits of protection of drinking water. All values
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are converted to 1996 dollars By the consumer price index (see appendix). To our knowledge,
only one study (Harrington, Krﬁpnick, and Spofford, 19>89; 1991) has used the COI apﬁroach and
this study also measured averting expenditures. Several studies, mostly in Pennsylvania, have
estimated defensive expenditures associated with drinking water contamination episodes (Table
2). A brief review of the groundwater contamination averting behavior studies can be found in
Abdalla (1994). Hedonic price studies of the effects of éontaminated drinking water on property
values are scarce due, perhaps, to the lack of statistically significant effects of drinking water
quality on property values or, alternatively, the difficulty in obtaining spétially differentiated
meaéures of groundwater quality. Two studies, both in Wisconsin; have considered property
value effects although neither found evidgnce of lost residential property values due to unsafe
drinking water (Malone and Barrows, 1990; Page and Rabinowitz, 1993). By far, the greatest
number of valuation studies related to drinking Water quality have been conducted using the CV
method (Table 3). Boyle, Poe, and Bergstrom (1994) cohducted a meta-analysis of the
groundwater quality valuation studies and summarized many of the key findings. At least one
study has compared the averting behavior and CV methods (Laughland, et al., 1996) and one
study (Barrett, Stevens, and Willis, undated) has compared CV with conjoint analysis. To our
knowledge no one to date has conducted a contingent behavior study of defensive expenditures
related td drinking water quality.

Revealed Preferences

Averting Behavior Studies. Harrington, Kruphick, and Spofford (1989) conduct a

telephone sufvey of 50 Pennsylvania households (148 individuals) following the 1983

Pennsylvania giardiasis outbreak in order to determine defensive actions and costs. Ninety-eight

12



percent of the sample reported changes in their water consumption including combinations of

hauling water, boiling water, an‘d/or purchasing bottled water. No household installed a water

treatment system. Based on different assumptions about the jointness of the averting behavior
and wage rates, which ranged from leisure time valued at $0 to the after tax wage rate,’ they
estimate that 'averting expenditures range $153 - $483 per month based ‘on the averages of the
ranges of values.

Harrington, Krupnick, and Spofford (1989) also estima"ce the cost of illness in a mail
survey of 370 Pennsylvania individuals who actually experienced giardiasis; Three different wage
rate scenarios are used: the implicit after-tax wages of those not in the labor market is equal to the
average wage of those in the labor market, the minimum wage, and zero. Under each scenario,
the out-of-pocket medical care costs ($3.84) are a small fraction of the total cost of illness which is
$1296-$1895 for the 176 individuals that were included in the study. Time costs for medical care
were small. The value of lost wages, subjective work productivity, and value of leisure time are
each large components of the total cost of illness.

Abdalla (1990) examined the actions taken by 1045 households in College Township,

‘ Pénnsylvania in response to detection of percholbroethylcne (PCE) in their well. The data was
collected with a mail survey instrument (70% response rate). Seventy-six percent of those
households purchased bottled water, instélled water treatment systems, hauled water from clean
sources, and/or boiled water in response to PCE contamination. For each household which

-engaged in defensive behavior during the 6>month episode, bottled watér costs rose by $98,
trénsportation costs rose by $240, the value of lost leisure time fell between $36-$88 for water

hauling and $80-$99 for water boiling, energy costs rose by over $5.50, and the cost of using

13



home water treatrnent systems was $3 86 for 52 households (1987 dollars) The low (hlgh)
estimates of the value of time are calculated assuming that the value of leisure time is equal to.the
minimum (average household)‘wage. With the total usage cost- of the water treatinent systems 4
included in the defensive expenditures the‘ total household cost of 'defensive behavior averaged -
$26-$32 per month over the six month period |

Ina study similar to Abdalla (1990) Abdalla Roach, and Epp (1992) examine the actions
taken by 761 households of the borough of Perkasie, Pennsylvania in response to detection of
trichloroethylene ‘(TCE)in one of their wells. The data was collected with a mail survey
, | instrument (46.9% response rate).. One-hundred thirty-three household‘s (37%) purchased bottled
water, installed water ‘treatment systems, hauled water from cle'an'sources; and/orboiled water in
response to TC]i):contamination. of those households which engaged in averting behavior, the
average weekly averting expenditure per household was between $4 and $9 per week depending ) E
‘on wage rate.assumptions. This amounts to costs of $366 to $785 over the 88 week episode.?
The low (high) estimates are calculated assuming that the value of leiSUre tirne is equal to the
minimum ‘(averagehousehold) wage. Only 17% of the purchase costs of the water treatment
systems__are included to account for depreciation. “Households were more likely to take defensive |
'actions of they lcﬁew about TCE, if they perceived that the risk of cancer increased asa result of
TCE, and if they had children in the household. In an empirical model of those who engaged in
: defensive actions, expenditures increased if young children (under 3) werepresent’ in the

household.

2 However, Abdalla Roach, and Epp state that the costs were $. 5 1/week for those engaging in
defensive behavior. We calculate the dollar values in the text based on their response rate and
total cost calculations. » ‘

14



Collins and Steinback (1993) examined the actions taken by 299 households in rural West
Virginia in response to tests which revealed bacteria, minerals, and organic compbunds in tﬁeir
water supplies, most of which were from wells. The data was collected with a combination of
mail survey and telephone survey techniques. The mail survey was sent to 878 households who
had tested for ﬁnsafe water (43% response rate). Of those, 86% engaged in some type of
averting behavior. Of the 86% who agreed to participate in a phone survey, 59%>provided data
used to colleét detailed information about specific defensive actions and expenditures associated
With each type of contaminant. The most common type of action was to clean and/or repair the
 water system followed by hauling water, installing treatment systems, boiling water, using a new
water source, and correcting the contamination source. In computing défensive ‘expenditures, the
value of leisure time is assumed equal to the after tax household wage for adults and the after tax
minimum wage for children. Capital cosfs of installation of water treatment systems are
annualized based on the e?&pected lifetime of the system. Combining the mail and telephone
survey results, the weighted aVerage of the total household cost of defensive behavior averaged
$32 and $36 per month for bacterial and mineral contaminants. The total household cost related
to organic contaminants ‘Was $109 per m‘onth. |

| Laughland, Musser, Musser, and Shortle (1993) estimate averting expenditures for 800 -
households in Milesburg and Boggs Township, Pennsylvania who. experience a surface water
contamination episode. Telei)hone surveys were used to obtain complete information from 226
households (61% response rate). During the almost three month boil water advisory most (91%)
of the respondents boiled, hauled, or purchased water. Those Who did not engage in averting

behavior tended to have more education and income (although these differences were not
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f‘statist.ieally ‘signiﬁcant)" and a;ttended more public meetings about the episode than others.

However, it is not clear whether theee household’s‘ haid water treatment systems installed before or
: ‘during the episede. Base}dvon high and low estimates for the v_élue of ti_me‘, the average menthly
household defensive expenditures ranged between $16.‘and $35. 'Based on regression modeis
found.in Laughland, et al. (1996), these exnenditures were positively related to the subjective
,notion of" the convenienee of the averting bennvior. |

: Srated Preferences Studies_

Contingent Valuation Studies. Boyle, Poe, and Bergstrom (1994) present a meta-énalysis ,
of CV 4'stu‘dies‘. that measure the benefits ef groundwater.protection. Annual WTP for |
groundwater protection:ranged frorn'$655$1291 for a variety of Iprotectio:n nrograms. They find
that much of the Variﬁnce in WTP is reieted to "the differences in vthe CV s;tudies.v Based on a

. con‘ceptua_l model'of ground{zvater vzﬁne \nnder uncertainty, WTP varies in the expected direction
with (expeeted srgn in parentheees); the magnitude of the change ‘in nrebability ef c‘ontanirnation
for the nitrate studies (+), tne costs of s"ubbstitute sources of drinkin;,r water (-); income (+), -
whether the poliey was simply to contain,tne “contamination (-), wnether use values vrere the
focus of the study (-j, and With a reduction in the drinking nvabter.suvpplly releti\re to seeking other
» sources of drinking water (+). Also, annual WTP 1is higher when nitrates‘.were mentioned as the
source of the groundwater eentaminaﬁon, 1f the dichotomous choice question fermat is used end
if méil'survey response rates é.re 1ower. See Boyle (1994) for‘ a more ,detailed review of the -

studies in the meta-analySis. A brief summary of these studies, and Others, follew.j

3 Two papers with developing country applications are not reviewed here since we are focusing
- on studies relevant to the Safe Drinking Water Act (see Whittington, et al. 1992 and Kwak and
Russell, 1994). o i : ' : ’
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Edwards (1988) presents WTP estimates for a ';regional aquifer management plan" in
Cape Cod, Massachusetts. Data was collected with a m‘ail survey (59% response rate). Annual
WTP estimates were elicited with dichotomous choice questions. The payment vehicle was a
bond referendum. The WTP estin1ates are sensitive in the expected directions to income, demand
uncertainty (whether the respondent Would be living on Cape Cod when the expected
contamina_ttion would occur) and supply uncertainty (the subjective difference between the
probabilities of future contaminaﬁon with and without the plan). Option prices ranged from
$581-$2324 as the change in supply uncertainty increased from 25% to 100%, assuming demand
certainty. At the average supply uncertainty, 80%, the average annual option price is $1858 with
demand certainty. These values are assumed to be related only to insuring a cost-effective water
supply and bequests to future generations with no health benefits included in the scenario.
Edwards' WTP e_stimates are higher than all others reviewed which may be due to income effects.
The average income in the Cape Cod sample is $79,000 which is twice that of the U.S. median
family income.

Schultz and Lindsay (1989) estimate the WTP, including both use and passive use values,
for groundwater protection plans in Dover, New Hampshire.- The description of plans emphasize
the uncertainty of their success: "these plans are an attempt to protect community groundwater
supplies from future protection." Mail surveys are sent to 600 property owners with a 59%
response rate achieved. The payment vehicle was an increase in property taxes and the WTP
question was dichotomous choice. In the empirical models WTP varied in the expected direction
with land value (+), age (-), and household income (+). Schultz and Luloff (1990) present results

of an in-person and telephone survey of the nonrespondents to the original Dover, NH survey.
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The resurvey increased the response rat¢ to 86.5%. Nonresponse bias was fouﬁd. Including both
vrespond_ents and nonrespdndents_ raised the annual WTP value from $171 in the original study to
$178, although the difference in WTP between respondents and non-respondents is not tested.

Sun, Bergstfom, and Dor'fmann (1992) present option price estimates from an application
of CV to,]jougﬁtery' County in sbuth&est Georgia. A mail sﬁrvey of over 1000 residents
achieved a 5 1% response rate. Respondents are asked to respond yes or no on a vote to support
a "program for preventing groundwafe,r pollution from agriculture pesticides and fertilizers." The "
progrém Was described as a’blc to definitely keep groundwafer below EPA's health advisory levels
for dfinking and cookiﬁg. .The paymenf vehicle is a "decrease in income." .A regression model
reveals tl_iat WTP incf_éases with income, concern abput health risks, and the subjective probability
of future contamination. WTP decreases as age increases. WTP is not sensitive to the probability
of futurev‘demand, of clean water in Doughtery County. Further, ”Bergstrbm and Dorfman (1994)
find that WTP is sensitive to objec‘;ive.invfbrmation about characteristics and consumption services
of the gfoundwater resvources.v The annual household optiqn price estimate is $811 in 2 county
with a $55,000 average housghold income.

»McClelland, ét' al. (‘1 992) co'nducté' a method'olbgic'a_l study. of survéy design procedures in
order to estimate valid passive use values fér grdundwater cleanub. A mail survey (1,983 useable
responses, 60% rési)onse rate) is employed to collect payment cérd WTP values for a program to
comﬁletely clean a 40%. contéminatiqn bf national groundwater supplies from leaking landfills.
The contamiﬁation level is described as requiring treatment of water for drinking and cooking..
The paynient vehicle is an increase 1n the wafér bill. Annual household WTP Was $97 for the |

complete cleanup and less for other survey treatments. WTP varied with income (+), age (-), race
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(+ for whites), education (+), and other scenario specific variables. Lazo, et al. (1992) reports
that annual passive use values for the cleanup range ére about $41.

| Caﬁdill (1992) and Caudill and Hoehn (1992) estimate groundwater protection benefits in
Michigan. Use and passive use values are elicited through a mail survey (67% response rate) with
dichotomous choice and open-ended WTP questions. The payment ;fehicle used is higher taxes.
The average annual WTP is $65 wilich increases with income and education (rural respondents)
and passive use valué motivations.

Poe and Bishop (1992, 1993) report findings frqm a groundwater valuation study in
Portage County, Wisconsin (Poe 1993). Information about groundwater contamination (i.e.
nitrates and baby blue syndrome, nitrates and cancer) was presented to one sub-sample. Mail
‘svurvey respondents (78% response rate) were asked to vote with a dichotomous choice question
on a groundwater protection program that would definitely keep nitrate levels below government
health standards where their risk perceptions about nitrate contamination was the reference level
risk. The payment vehicle was a combination of increased taxes, lower proﬁts,v higher costs, é.nd
higher prices. The information about groundwater contamination increased WTP for the .
groundwater protection program by 42%. All respondents were then invited tq have their
groﬁndwatgr tested. Along with presentation of the nitra;ce test results, another survey was
administered (83% response rate) where respondents had good information about their health
risks. Respondents stated an annual WTPAvalue of $290 for the protection program.

Jordan and Elnagheeb (1993) estimate the WTP to ‘protect safe drinking water for two
types of water consumers: those using municipal sources and private wells. A mail survey

obtained payment card WTP data for 180 Georgia residents. The proposed policy was installation
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and maintenance of equipment to clean water for private well users and cleaning by the local
water supply company for uses of other sources. Average annual WTP was between $166 and
$194 for those Who received their water from private wells and those who used municipal
sources, respectively. For those who received their water from municipal sources, WTP increased
- with income, high school degree, and if the respondents were female, black, or uncertain about
their current water quality.‘ For the othef respondents, WTP increased with income, high school
degree and if the respondent lived on a farm, was female, or black.

Powell, Allee, and McClintock (1994) and Powell‘ (1991) report on a CV study in which
several communities in,three»noft_heastern states are surveyed by mail. Paymen}c card WTP data
was obtained for 1021 respondents»(SO% response rate). Increases in water bills (if public water
supply) and property taxes (if water was private supply) were the payment vehicles. The annual
household WTP was $72 per year for establishment of water supply protection districts that
would ensure that drinking water remained safe. In their regression models, WTP increased with
income, perceptions about safety risk, experience with drinking water contamination, expenditures
on bottled water, privafe wells as the water source, and number of perceived contamination
sources.

Laughland, et al. (1992, 1996), in addition t‘ob their averting behavior survey, preseﬁt open-
ended WTP estimates from a telephone survey during the Milesburg, Pennsylvania giardia
episode. Respondents were asked to rank their favorite alternative water source option and then
provide maximum WTP Values. An increase in utility bills was the payment vehicle. Annual
household WTP averaged $276 for the first choice among the three alternative water sources. In

‘a regression model they found that WTP increased if the respondent had attended a public
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meeting about the contamination episode. WTP was not statigticélly relatéd to income, water risk
perceptions and other demographic variables.

Clemons, Collins, and Green (1995) conduct a CV study with Mértinsville, West Virginia
Municipal Water Department customers. Data from 576 respondents to a mail survey (64%
response rate) were used. Two contingent markets described a groundwater protection brogram
that would eliminate the risk of exposure to nitrate and VOC contamination of the wafer svupply.
The ordering of presentétion of these markets was randomly varied. The payment vehicle was an
increase in the current water and sewer bill. Dichotomous choice WTP questions elicited
quarterly, household WTP estimates of about $5.50 and $3.50 for the nitrate and VOC programs.
The only independent variables which help to explain the yes/no responses to the WTP question
are number of years as a Martinsburg resident for the nitrate program and income and perceived
seriousness of contamination for the VOC program. Surprisingly, detailed information about
nitrate contamination and the objective risk of contamination did not influence responses.

Krug (1995) estimated the WTP for drinking water quality in western Massachusetts.
Three hundred and ninety-seven responses were obtained from a mail survey (40% response rate).
Respondents were presented with one of two policies: a public aquifer protection plan or the
installation of a private pollution control device in the tap. Payment card willingness to pay
questions were ﬁsed. The payment vehicle for the public good was increases in utility bills and
taxes while for the private good it was a price for the pollution control device. Annual household
WTP was $67 and $79 for the public and private goods, respectively.

Conjoint Studies. Two studies have used conjoint analysis to value groundwater

resources. Opaluch, et al. (1993) include groundwater quality as a characteristic of a landfill
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siting choice in Rhode island. The "conjoint questions arepaired comparisons of ‘different |
v.’potential five-hundred'acre :la'ndfill site"s‘; The ‘charaCteristics -of the"‘Sites include'household cost
.and five envi_ronrnentalscharacteristics: acres of marsh, acres of woods, ac_res of farmland, quality
- of wildlife habitat, and qualitv of groundWater. The location of the site, near homes, parks,' and
| schools, was also varied across choices. The surve‘yr was carried'out w.ith in-person adrninistration
N of a survey hook'letin public iocations including shopping mal,ls-,i lihraries, and government
vhuildings.i The sample size i_sover one thousand individuals who c‘onsidered six landfill site
| » comparisons. Using: estimated coefficients ﬁom their empirical model (. 535 we estimate that the
annual household WTP of avoiding "high’f groundwater relative to "low" groundwater forthe o
| landﬁll s1te is over $400. This WTP estimate should be considered 2 1ower bound since high |
quahty groundwater also 1ncreases the marginal WTP of avoiding ponds and marsh areas. |
Barrett Stevens and Willis (1997) conduct a conjoint study of groundwater protection in
western Massachusetts The survey was conducted through ma11 with over one- thousand
residents of 56 Western Massachusetts towns. Respondents were askedto rank five options on a
scale of 1 10 w1th the endpomts being "deﬁmtely Vote n favor of" and "deﬁnitely not vote in
favor of." The characterlstics of the options were the type of pohcy, the 'scope of beneflclaries
payment schedule and cost,~ and voluntariness .of the policy. The policies were a groundwater
protection district; installation'of a private pollution protection deviCe, _construction of a water
treatment plant and private purchase of bottled water The reference option was no new ..
) groundwater protection program at zero cost to‘the household. The tradltlonal ratlng, ratings
differences, and d1Screte cho'ice conjoint rnodels are estnnated; In general, regress1on results for

~ each of the models indicate that respondents preferred policies with lower costs and were willing
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T to pay for drmkmg water quality The WTP results are quite variable as in Roe, et al (1996)
B , Annual WTP estimates range from $58 to $323 for the ratings model $3 to $243 for the ratings

~rd1fference model | and $9 to $35 for the discrete ch01ce model. The lowest estimates are for the
b'ottl_ed water plan ahd ._th‘e highest estimates tend to be for the aquifer protection district.
I\l. An Assessm'ent of the Studies, E | |

| This review has revealeda vvide range of economic Values for safe drmking water.

Monthly -WTP,forgroundvvater _qualityprotection ranges from a low ot about $I1' toa high of
almost $500. Themost recent‘avertingbehavior studies; ,with the‘e)rception of the Harrington,
Krupnick, and Sp_oi:ford study, the earliest ..conducte_d,_ generate defensive expenditures estimates :
: that have a narrow> range_. ThlS is not surprising since the averting'behaviOr studies have all been}
v »conducted in the same regionof the country In contrast the range of WTP estlmates from the
CV studies is larger $1- $155 but this should be expected due to the w1de rangeof pohcies
described in the contmgent markets and the diverse populations sampled Also the Boyle Poe,
and Bergstrom meta ‘analys1s, vvhlch 1nc1udes most of these studies concludes that the Variation in
vthese values can be‘ adequately explamed by characteristics of the groundwaterissue and study
design. The conJomt analysrs studies tend to produce WTP estimates that are greater than the CV
;WTP estim_ates, .but,vthe number of conjoint studies related to drml(ing water to date is low and
- the deveIopment of conjomt analysis .for environmental valuesis stillI in its early stages.
| g TWo '_o‘i‘ the studies directlycompare the estimates derive‘d i'rom different methods of
~ valuation. 'Laughlalid,- et al(l 9“9‘6)>compare the'defensive expenditures from the avertingi
behavior portion of their t‘elephone survey to the CV responses in terms of:the“magnitudes of the

estimates and the correlation“ of values across respondents. They'conclude that both types of
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esﬁﬁatés have vélidity 1f the true oppbrf;unity cost of time fof hauiing water and ofher a?erting
‘behaviors is less thaﬁ the markét wage féte. H;)W6V¢f, their regfession and other resul’_cs raise
queéfioﬁs abouf the Vél@dity of the tWo mé‘:’asu”resb; ‘Barrett, Stevens, ,andv Willis (unda't.e_d‘)‘ ina
cbmparisbn of the ConjOint i‘esﬁlﬁé of Barrett, .Stevens,‘ and ‘Willis (1997) and ;cile CV res.uh.:s of
' ‘erurg t1995) fmd‘,that_.conjoi‘r‘lt WTP eétimétés are significantly grez;ter than CV estimates. Thé‘
conjoint WTP Vahies arv-ev'_ Bioﬁnded by avérting cost estimates from surveys of water tréétment
. sﬁppliers and actual avertiﬁg e'xﬁehditure estimates suggeéting that the coﬁjoint estimates 'ha\}e
valiciity. Howevér, the Krug' study qsed payment card values, which have been found to generate
“WTP estimates lower than dichofomous glzho'ice WTP estimates,;which ma3; be driving these
| results. |
No clear pauérﬁs of beneﬁvtv eStifnation’ emerge after this brief cofnparison éf WTP
estimates for safe drinking water across region and valuation meth'od.f. Fur.the_r,i“cdo few
comparison studies have been condﬁét;ed with which to asyséss the vélidity of WTP esﬁmateS from
different valuation methods. This raises the question of how best toﬂvalue standards under the
SDWA for use 1n benefit-cost analysis.” As stated earlier, a c.ost-effective approach to‘benefit
‘ eétirnation is the benéﬁt's traﬁéfer approach in which the analyst ,useé results from primary studies
as secondafy data‘ ana gppliés _estimates‘fco tﬁe study sif_e. For iﬁsta_nce, the meta-analytic
regression model in Boyle, Poe, and Bergstrom could be used as a drinking water valuation model
with parameters from the study site plugged in and th'é predjcted WTP values used a§ benefit
estimates. ﬁqwe_ver; Boyle, Poe, and Bergstrom caution that their model_ relies oh too féw

studies for reliablebbene'ﬁ,ts transfer. This suggesfs that a more reliable Benefits transfer model

could be developed by including the drihking valuation studies from other methodologies, fhe
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additional ’cdntingént Valﬁatioﬁ studies 6f groundwater prbtectidn, and the CV ‘drihking water
stqdies rgviewed_ here.

Alternatively, it might be possible to transfer a benefits fuh‘ction froﬁ one study site to
another. C;'utchﬁeld, Feather, and Hellerstein (1‘995) illustrate how this type of benefits transfer
could be e}ccbmplished in the groundwater protection context. They ﬁrst examined the
groundwater valuation literature to screen for studies that were a close match to the study sites,
that .were published after peer-review, and that developed valuation functions that were
appropriate for benefits transfer. After choosing three studies that méct their screening criteria
| (Shultz and Lindsay; Jordan and Elnagheeb; and Sun, Eérgstrom, and Dorfmah), they derive
estimates for the relevant independent variables from the study sites and plug these into the
valuaﬁon functions from thc transfer sites. Aggregate WTP values frofn the benefits function
traﬁsfer givest similar results ‘to a simple benefits transfer, in which WTP values from the transfer
site is applied to thc study site, for two out of three studies. The authors also illustrate‘how
me,asureé of risk can be developed for studysites to plug into transferred bgnefits functions.

While the final WTP estimates caﬁ oply be narrowed to a réthef large range of Values:in this
illustratidn, ‘ fhe beneﬁts function tranéfer apioroach providés defensible ordef-offmagnitude
bounds for WTP for éafe driﬁking water, without the cost of conducting a study to collect primary
data. » |
| Another related and proﬁising approach is developed by Mauskopf and French (1991) and |
_ French and Mauskopf (‘1 992): This approach is similar to benefits transfer in that it ailows use of
primary daté collectgd for other purposes. However, the method approximates WTP by

estimating first the quality-adjusted life-years lost from an illness that results in death and then
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attaching é WTf value by using the ‘Valu,e of a statistical life atvége 40 ($5 ‘million).‘ Then, the |
apprpach finds the number of days'iost from the‘villnes‘s and approximates“'the‘ WTP to avoid the
ﬂlness days. Maﬁskopf and French ‘(‘1991) apply this method to foo»dbornel disease. The
economic damages of a case of botulism range from less than $200 for a mﬂd case to over $1
million for ‘a severé case. |

In terms of'the _collection of primary data to conduct _é benefit-cost analysis of a drinking
water quélity standard, the most promising approach appears to be é corﬁbination of methods. In
particular, drawing on the successful c‘ofnpletion of averting beha?ior and contingent vaiuation |
studies, a coﬁaparison étudy usiﬂg "c:hese two mev:thodollogies and“bche contingent behavior approach
could produce Qalid and“rel‘iable éstimates of WTP. In cases Whére,reiated markets. and.revealed. |
- behavior exist, CV estimafes can be c“ompared to contingent and averting behévior estimates
(when a contamination ebiébde has occurred) and the data analyzed join’;ly to improve the validity
of the estimates. J akﬁs (1994) describes conditions under which this approac.:h:could be
successful aﬁd i)ickie, and Gerking (1996) providé,an empirical éxémple. This type of study could.
be conducted in severai study‘ sites, both similar and different, so that the bgneﬁts transfer and
beneﬁfs function transfers ’carll be employed in order .to examine thié apprc).aéh‘ in a controlled
se‘tting.v Finally, many of the techniques currently being used in the valuation of food safety
'policies are applicable in the drinking wétef coﬁtext. Revealed and stated preference
methodologies in the laboratory and the field are leading to many insights abbut the value of food
safety and could be applied to evaluate SDWA policy (see Caswell, 1995).
V. Conciusions |

In this paper we have réviewed the valuation methodologies éppropriate 'fvor' estimating the

economic benefits of safe drinking water quality. While there are several valuation methodologies
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that are capable of providing these estimates, the most commonly used are the averting behavior
and contingent valuation methods. Reviews of the applied valuation literature reveals a wide
range of willingness to pay estimates for protection‘ of drinking water quality. We provide an
assessment of this literature, including the \}alidity of the studies and the potential for transferring
these estimates for use in policy analysis related to the SDWA. In general, benefits transfer is
feasible at this point in the evolution of the literature but questions remain regarding the accuracy ‘
of these transfers. Comparative research with revealed, including the COI and averting behavior
approaches, and stated, including CV, contingent behavior, and conjoint analysis in different study

areas is needed.
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Table 1

Assessment of Methods for Valuation of Safe Drinking Water:
Can These Economic Values be Estimated?

Revealed Preference

Stated Preference

Economic Cost of Averting | Hedonic- [ Contingent | Contingent Conjoint
Value Illness Behavior Pricing Valuation | Behavior Analysis

Private Direct © yes yes yes . yes yes yes
Cost '
Lost Earnings yes yes yes yes yes yes
Lost Non- may yes yes yes yes yes
market Work ' o
Lost Leisure may yes . yés yes yes yes
Third-Party yes no no no no no
Costs
Averting no yes yes yes yes yes
Costs
Pain and no " yes yes yes yes yes
Suffering
Altruistic ~ no no no may may may
Values '
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Avertlng Expenditure Studies of Safe Drinking Water

Table 2

supplies (1/89 - 4/89)

Study Location Nature -and Duration of Averting Sample | Costs (b)
' ‘ Episode Behaviors (a) Size

Harrington, Luzerne | Giardiasis outbreak 1,2,3 50 $153 -
Krupnick, and | County, 1.(12/83 - 9/84) 483
Spofford Pennsylvania
(1989) .
Abdalla | College Detection of 1,2,3,4 1012 $26-32
(1990) Township, percholoroethylene in

| Pennsylvania | wells (6/87 - 12/87)
Abdalla, Perkasie, Detection of 1,2,3,4 761 $16 - 35
‘Roach, and Pennsylvania | trichloroethylene in
Epp (1992) ' .| wells (6/88 - 12/89)
Collins and Rural West - - | Bacterial, Mineral and 1,2,3,4,5 291,151 $32-36
Steinback Virginia Organics detected in (d)
(1993) drinking water supplies

(1/87 - 12/89) (c)

Laughland, et | Milesburg, Giardia detected in 1,2,3 226 $16-42
al. (1993) Pennsylvania | (surface) drinking water

(a) 1=hauling safe water, 2=boiling water, 3=purchasing bottled water, 4=installation of home
water treatment system, S=clean or repair water system
(b) Monthly averting costs are adjusted to the monthly household level using 4.3 weeks per month
and 30 days per month in 1996 dollars
(c) Dates of water tests for nonpublic water systems, duration of episodes varied by household.
(d) Bacterial - mineral contaminants.
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Table 3

Contmgent Valuation Studies of Safe Drinking Water

water filter

: Study Locatlon Commodity Valued Sample Size . WTP (a)
'| Edwards "Cape Cod, An aquifer management plan 585 - $155
(1988) Massachusetts | to reduce the probability of o
o S nitrate contamination
1 Schultz and Dover, New Protections plans to protect 346 - §15
| Lindsay Hampshire ' community groundwater ‘
(1990) L supplies
| Sun, Doughtery v Protecting "safe" groundwater 603 $67
| Bergstrom, | County, from potential future
| and Dorfman | Georgia contamination
(1992) . SR _
McClelland, | National Complete groundwater 1983 $12
etal. ‘b | cleanup from a 40%
(1992) , _contamination - S
| Caudill and Michigan Action to prevent 1213 $65
| Hoehn : | contamination; maintenance of 3
(1992) ‘| well water quality o
Poe and Portage Groundwater protection 244 $24(b)
Bishop (1992) | County, program to prevent nitrate.
' ' Wisconsin contamination
Jordan and Georgia - Preventing groundwater 180 $14, $16
Elnagheeb o _pollution that would make R (c)
(1993) , " sure water is safe for drinking
Powell, Allee, | Massachusetts, | Establish water supply 1021 $6
and New York, - - | protection districts that would o
McClintock and .| ensure safe drinking water
(1994) Pennsylvania |
Laughland, et | Milesburg, Connection to an alternative 226 $23
al. (1996) Pennsylvania | source so that drinking water '
' v 1 ‘| meets standards
Clemons, ‘Martinsburg, | Wellhead protection program 576 $1.8, $1.2
Collins, and | West Virginia - | to eliminate risk of ' (@
Green (1995) | contamination .
Krug (1995) | Western Aquifer Protection District 397 - $6,$7
e ‘ Massachusetts and purchase of a private ' (e)

(a) Monthly household WTP (1996 dollars) is adjusted usmg 4.3 weeks/month 30 days/month
(b) With information sample
(c) WTP is for private wells, municipal sources.

(d) WTP for nitrate, VOC contamination. .

(e) WTP for protection district, private water filter.
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Appendix: Consumer Price Index-All Urban Consumers
Source: Bureau of Labor Statistics [http://stats.bls.gov/]

Year CPI
1980 | 52.52
1981 | 57.93
1982 | 61.50
1983 | 63.48
1984 | 66.22
1985 | 68.58
1986 | 69.85
1987 | 72.40
1988 | 75.40
1989 | 79.03
1990 | 83.30
1991 | 86.81
1992 | 89.42
1993 | 92.10
1994 | 94.46
1995 | 97.13
1996 100
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