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Abstract

This paper reports on a recently completéd pitot study sponsored by the
Electric Power Rescarch Tnstitute to develop a methodology for placing cconomic
values on possible air guality improvements and (o demounstrate that wethodology
in Cincinnati.!  Cincinnati was chosen because its air quality problems are typical
of Eastern citics amd because of previous air quality work conducted there. 1n this
study we show how a hedonie pricing cquation can be simulated in the context of
a contingent valuation study 10 allow for the estimation of the demand for both
air quality related health benefiss and visibility benctits. Fhis is done by asking
respondents how much ihey are willing 10 pay for air quality improvement
programs which offer various combinations of health and visibility improvements,
One can then statistically estimate using a hedonic pricing approach the demand
for the two attributes of an air quality improvement. Our appraach overcomes key
difficultics with respect 1o both contingent valuation and hedonic pricing. A
number ol interesting questions are raised by the response behavior observed.

Introduction

_ One of the key provisions of the Clean Air Act s that it allows [or
s tonsideration ot the cconomic valuation of changes in visibility in determining
where 10 set the sceondary air quality standard, but doces not allow for cconomic
eonsiderations (only health) 1o be used in determining where 1o set the primary air
©quality standard.”  Neither of the two most popular techniques for valuing air
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quality changes, contingent valuation and hcedonic pricing, really address this ned
to separate health and visibility benelits for the purpose of policy  analysk
Typically, a contingent valuation scenario tells a respondent that there are w
health cffects or to ignore them.®  Hedonic pricing studics, on the other han,
often do not attempt to provide an estimate of visibility benefits separate from the
benefits of the air quality improvement as a whole.® When they do, they are used
as the only indicator of air quality the visibility gradient or a single air pollutan
not thought to be closely tied to health cifects,

A potentially major problem with the contingent valuation technique »
currently used is its heavy reliance on the assumption that respondents did nol
inctude willingness to pay for health improvements when they gave their willingness
o pay for visibility improvements.®>  This problem can be cast in psychologic
terms: il shown pictures of improved visibility, arc respondents really likely o
believe that there are no improvements in health cffects, or il they believe there
are hcalth cffects, subtract off the part of willingness to pay for air qualiy
improvements that they would assign to health improvements? The problem cal
in terms of cconomic theory has perhaps a deeper and more disturbing implication.
It air quality health and  visibility iwmiprovements are  cither substitutes of
complements and both are changing at the same time then the only way (o get?
unique value of willingness to pay for visibility improvements is (o condition ona
particular level of health cffects.

There are two key problems with hedonice pricing in the context of valuing
visibitity benefits.  The first is the standard difficulty encountered with hedonic
pricing when one tries to separately identily the supply and demand curve, The
sccond is also typical of hedonic pricing but probably even more acute when
dealing with air quality, extreme collincarity of the different air quality indicators
which makes it dilficult, if not impossible, 1o separate visibility and health benefits.

A Response Surface Approach

The problems of both contingent valuation and hedonic pricing can be
overcome by the use of a contingent valuation scenario in which air quality
improvement policics consisting of randomly assigned health and visibility levels are
valued.  Having respondents yalue programs which explicitly specify the fevels of
health and visibility improvements avoids having to make assumptions about what
level of health improvements they had in mind whife valuing a specific visibility
improvement. It does of course put onc in the position of having to scparate the
health and visibility benefits and that is where hedonic pricing is useful. A
response surface experimental design within the contingent valuation study can be
used 1o set up a "perfect” hedonic pricing cquation for estimation.  Random
assignment of the levels of health and visibility improvements makes the supply of
these improvements exogenously determined.  Judicious choice of the assignment
of the levels can climinate the usnal severe collincarity between the two types of
benefits.,

Random assignment of heaith and visibility fevels also makes these levels
uncorrelated with individual characteristies such as income, age, and residential
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location.  ‘This atlows the relationship,
WITP(, ) = ((HDAYS(;),VDAYS(,) + ¢y 1))

where j indexes changes in health days (HIDAYS), k indexes changes in visibility
days (VDAYS), and i=1,2,.,N indexes randomly sampled agents 1o be estimated
without considering the characteristics of the agents.  HDAYS and VDAYS
represent the number ol health and visibility days being valued. If N is large,
WTP(, ;) can be estimated using a non-parametric technique, such as ACE, thus
avoiding the functional form restrictions usunally necessary with hedonic pricing
models.’  The only restrictions imposed by cconomic theory are that WTP is
monotonically increasing in both i, j and k if health and visibility are normal goods.
What results is an estimated response surface with VDAYS and HDAYS as the x
and y axes and WP as the 2 axis. Figure | displays the response surface which
was estimated using ACE on the data from our Cincinnali pilot study.

Survey Instroment Design

The survey instrument used in this study was developed after an extensive
period of pre-testing involving several focus groups and in-depth test interviews
conducted with respondents recruited by the Behavioral Sciences Laboratory at the
University of Cincinnati. In common with other contingent valuation visibility
studics the Tinal instrument uses photographs (o help convey the nature of the
visibility amenity. Respondents were shown three S x 6 Cibachorome photographs
for each of the three scenarios. The photographs portrayed visibility ranges of 1-
6, 7-14, and 15+ miles as measured at the Greater Cincinnali airport by Charles
Gruber, a former Cincinnati air pollution control official.

Unlike most previous contingent valuation visibility studies, the visibility
changes were described as changes in distributions of days instead of changes in
mean visibility.  Another unique feature was the large number of changes valued
by each respondent (ten) made it possible 10 study in a new way the kinds of
decision rules used by respondents in the contingent vahiation sciting.

We developed a program card visual aid to communicate the visibility changes.
Each program card showed the number of days in an average year that would fall
into the three visibility calegories--0-6, 7-14, and 15+ milcs--and the changes in
this distribution from the present to a hypothetical future.  The present
distribution, which was calculated from past visibility records at the airport weather
station, scrved as a bascline. ‘I'en future distributions were offered within a range
whosc upper bound was delined as the most improvement that could credibly occur
given a maximum controt ¢ffort directed at cars, factories, and other sources of air
pollution.

In order 1o test the assumed health benefit hypothesis, two versions of the
questionnaire were administered (o cquivalent sub-samples:  version A used
programs that changed the distribution of days from a bascline (described as the
current situation in Cincinnati) on both health and visibility dimensions which were
deseribed using the type of program card shown in Figure 2. Version B was
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identical inc every respect but the following: (1) the programs included only
visibility changes, which were the same visibifity changes vsed in Version A, and
(2) at three places in the interview they were informed that despite the changes i

visibility there would be no change in heatthy effects and that they should only vatue
the visibility changes. Respondents in both versions were told that visibility and
health effects could be independent of cach other; an explanation not included ln
carlicr contingent valuation visibility studics.

Other features of the instrument include having the respondents rank the Ien
programs in their order of preference without regard o cost; having the
Tespondents reveal which programs, if any, are worth at least a small amount (o
them if they were to vote inan air poltution referendum; and having them place
a dollar value on cach of the valued programs using an open ended clicitation
format.

As the primary purpose of the pilot study was not to draw inferences for
policy purposes, but rather to test version A against version B and 1o develop a
working survey instrument, a non-random sample was used to reduce costs, The
sample used was based on a previous sample draswn by the University of Cincinnati
Survey Rescarch Center, which we hoped was representative of the area’s
population so we could determine how well the instrument would work with people
with different cconomic, racial, and cducational characteristics.  The in-person
surveys were conducted by “The Information Center, a Cincinnati marketing research
firm, under the close supervision of Robert Mitchell.  After two days of training,
the interviewers administered versions A and B in alternating fashion (o ensure
randomization. A total of 151 interviews were completed in the Fall of 1988; 76
using version A and 75 using version . Examination of the demographic charac-
teristics of the people in the two versions showed them 1o be statistically similar.
The overall sample itself, while it appears to mintor the Cincinnati population,
undoubtedly biased toward those who enjoy participating in surveys.  ‘The mean
interview time for version A was 53 minutes, twelve and a hall minutes shorter
than the mean time for version B.

Results

One of the primary objectives of this pilot study was to examine whether a
contingent valuation study of visibility benefits should ask respondents to value
health and visibility changes <mm|1.mcnm|y or to vatue visibility changes alone.
As mentioned carlier, the study utilizes a split sample design (versions A and B)
to altow for a test of whether respondents valued a program containing j VIDAYS
and k HDAYS differently thah a program containing only j VIDAYS and 0
HIDAYS. We found that the respondents valued the programs with both visibility
and health improvements higher than the programs with visibility improvemenats
only however that does not guarantee that visibility is abways being correctly valued
by itscif.

The problem can be seen in the presence of a significant interaction crm
between visibitity and health in a simple regression cquation supgesting at least a
violation of the separability condition necessary (ot independent valuation to be
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valid. It can also be seen jn the differences in predictions for only visibility
changes from cquations cstimated nsing two different versions.,

We believe the best way 1o see the problem s (o look at the cumulative
distribution functions (CDI”s) from wwo ditferent paired comparisons.  Figure 3
shows a comparison between Program A with three visibility day improvements and
three heatth day improvements and Program B with only three visibility day
improvements.  Comparing the CDF’s for the two different treatments shows large
differences.  Contrast this with Figure 4 which shows Program A, 29 visibility days
and 12 health day improvements, and Program B, 29 visibility day improvements
and O health day improvements, where the two CDIF’s lie almost on top of cach
other. If health and visibility day improvements were being valued independently
then the two CDE’s in Figure 4 should look much more like those in Figure 3 and
indeed, if anything, be farther apart. Our preliminary interpretation is that while
respondents were willing to belicve that there did not have 1o be any health day
improvements associated with small visibility improvements, they were unwilling or
incapable of making this scparation for larger visibility improvements.

Recommendations

Bascd on the anulysis of 1he pitor study results, we recommend that a
contingent valuation survey should question respondents about simultancous health
and visibility changes. Our rationale for the recommendation is as follows. From
a theorctical vantage point, joint valuation is the correct strategy if air quality
changes incorporate both health angd visibility changes alone. Two conditions
would arguc for valuing visibility improvements alone. The first is if respondents
encountered substantiat ditficultics in providing dotlar values for the more complex
good compriscd of both health and visibility improvements. The second s il values
for visibility improvements arce independent of values for health improvements.
Neither of these conditions appcears to be true based on the pilot study results.

The bids of the respondents have several striking features that are important
for inferring the values of air visibility and health changes.  Of these features, the
one that will concern us most is the persistence with which a sizeable fraction of
the respondents gave equal vilues 1o alternatives which they had previously ranked
uniquely. Despite their apparent comfort with ranking the ahiernatives without ties,
the respondents frequently reverted to ties when they assigned monctary values to
the alternatives.  "These respondents rarely assigned small differences in moncetary
values between groups of cqually vatucd programs but rather tended to scparate
them with substantial dollar differences. A retrospective look  at - previous
contingent valuation surveys ol a similar kind shows that such responses are
actuatly prevadent but less obvious duce to a smaller number of programs valtued in
most studics and the farger differences between the physical changes valued.

Our interpretation ol this phenomenon is that respondents used cqual bids
10 communicate the uncertainty they hold for their actual vatues.  Because they
regarded greater precision as artificial, the respondents gave rough values which
indicate that some alternatives are worth approximately the same amount.  [If
several alternatives were assigned the same value, this should not be interpreted
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as stating that the respondent was inditferent between the alternatives.  Instead,
such cqual valuations indicate that within the precision that the respondent i
comfortable, the bid is representative of the vadues of the specitied alicrnatives,

The signiticance ol uncertainty in respondents is that there is an uncertainy

in visibility values that surveys will not be able to remove. Traditionaly survey §
rescarchers have applicd statistical methods with the view that large enough sample §

sizes can reduce measurement error as close toozero as one desires. I the
respoudents are incapable of providing that exact value of air visibility and healh

changes  however, then this tradition is dubious and the goal of  precise

measurenment of values is illusory.  Instead, our survey and statistical analysis must
provide mcasures ol both values and their uncertainty. One of the major lindings
of this interin repore is that the survey instrument developed in the pilot study is
a uscelul too) jor this task.

We also note two other features of the responses. First, there is strong
evidence that the respondents are not homogencous in their values for air visibilily
and health.  Among the seventy respondents (o version A, approximately 33
pereent rank ordered programs on health improvements only and 31 pereent on
visibility improvements only.  Thus, the responses {all into three roughly equal
sized groups according to ranking behavior. One group strongly prefers visibilily
over health improvements, a sccond group preters health o visibility, and a third
group makes tradeotts between them, Sceond, there appears to be a pronounced
threshold cltect, or nonlincaritics, in the willingness to pay function for visibility
and health improvements. A Lrge majority ol the sample were unwilling (o pay
for programs improving only a few visibility days. This phenomena is not evident
in Figure 1 which traces out mean willingniss to pay.

Combined with the tinding that health and visibility vadues must be solicited
simultancously, these three features ol the responses suggest 1o us that our survey
instrument has unanticipated advantages. We beliceve equil valnation grouping by
respondents nay be desirable; while one could foree respondents 1o give distinet
valtues, such an instrament would yichd antificial responses. Rather than suggesting
the need Tor major modilications to the survey insttument, we belicve that there
are ways (o reline the pitor vension 1o exploit these advantages more lully.

Concluding Remark

We are currently working oo improving  the basic contingent  valuation
scenario, the issue of visibility pereeption, the use of computer  genceraled
photographs ticd 10 an air quality modcl, utitity models which are consistent with
observed response patterns, and the development of statistical techniques 1o better
exploit the features of our particolar experimental design and type of data
generated by our survey instrument. This work should be of inwerest o those
conducting contingent vatuation visibility studics for policy purposcs.
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