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1.0 INTRODUCTION AND SUKMARY OF CONCLUSIONS AND RECOMMENDATIONS

1.1 PURPOSE OF REVIEV

This is a reviev of the study, "Establishing and Valuing the Effects of Improved
Visibility in Eastern United States," prepared by Tolley et al. (1986) for the
U.S. Environmental Protection Agency. The purpose of the review is to help EPA
evaluate the validity of the study relative to the state-of-the-art in research
of this type, and to evaluate how best to use the results for addressing

specific EPA policy questions.

The focus of the review is on the contingent valuation (CV) portion of the
study, because it is these results that are potentially most important for
assessing regional and national pollution contrel standards and strategies.
Other analyses vere also conducted that are interesting and potentially
important, such as the effects of visibility on traffic accidents and on rental
property values, but these resulls are not as directly applicable for benefit
cost type analysis. They do, however, show how data on actual behavior reveal
the impact of visibility, and suggest potentially useful avenues for further

research.

The remainder of this section summarizes the conclusions and recommendations of
this review. The second section of the review gives some of the key points
raised by previous reviewers, several of wvhich are addressed in subsequent
sections. The third section evaluvates the design of the CV experiment. The
fourth section discusses some economic issues behind the selection of a
functional form for the bid function. The fifth section presents the results of
the re-analysis of the Tolley et al. data that was conducted to empirically
address some of the gquestions that have been raised. Section 6 considers how
the Tolley et al. results compare to results of other visibility value studies

for urban and residential areas.
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1.2 CONCLUSICNS OF THE REVIEW

Many specific questions and limitations are discussed in this reviev that
suggest some significant flavs in this study, but these are congiderably
tempered by the finding that the mean (statistical average) results look quite
consistent wvith other studles vhen the change and level of visuval range is

congidered.

The authors claim to provide very comprehensive information about the value of
visibility in their estimated bid function that has not been provided in
previous studies. While the results of this study do add quite a bit to the
boedy of knowledge concerning visibility values, the claims regarding the
estimated function are overblown. 1In the first place, the funetion is actually
2 bid funeticon, not a value function as the authors call it. This distinction
is important when it comes to applying the function to different visibility
secenarios. 'The relationship to underlying economie theory is not fully
addressed. Moreover, the estimated function is valid only for base visual range
levels of 10 miles. The re-analysis that was conducted indicates that there is
more error behind the Tolley et al. estimated function than appears on the

surface, especially outside the range of visibility changes considered.

Our biggest concern with the CV design is that the photoéraphs used to
illustrate the different levels of visibility did not match the changes in
visual range considered in the value questions. This is a poor design relative
to standard practice in CV studies and was compounded by telling the respondents
in every eity that typical visual range in their area is about 10 miles when the

average levels actually ranged from 9 to 18 miles,

The CV portion of the study as a whole was poorly documented and presented,
making evaluation of some important points difficult or impossible. The
inadequate presentation of the study design and results casts potentially

unnecessary doubt on the validity of the study.
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1.3 RECOMMENDATIONS

The Tolley et al. results should be treated as one (or six) more CV study in
addition to others, not as a replacement of all previous work. There appears to
be a general consistency with the results of previous studies, but due to the
limitations pointed out in this review, the Tolley et al. results should not be

used as the sole basis for an eastern visibility value assessment.

To obtain estimates of visibility values associated with alternative pollution
control policles, we recommend using the simple functions of mean values from
all the CV studies that are glven in Section 6, rather than the complex negative
exponential bid function estimated by Tolley et al. The reasons for this

recommendation include the following:

o The results of all the studies cover a wider range of visibility levels
and provide some information about the effects of the base level as wvell
as the size of the change.

o The simple functions do not give a false sense of precision due to
computational complexity.

o Using the simple functions acknowledges that the estimated effects of
socioeconomic variables are extremely uncertain and variable. Even with
the Tolley et al. results there is currently little basis for predicting

differences in values betwveen people or locations.
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2.0 COMHENTS PROM OTHER REVIEWVERS

Reviews of the Tolley et al. draft report or related working papers have been
made by several individuals including Ray Palmquist, Jon Harford, and Richard
Carson. Also, the use of the Tolley et al. results in a report for EPA by
Systems Applications, Inc. (SAI, 1984) wvas reviewed by Paul Ruud for the Utility
Air Regulatory Group (UARG). A response to Ruud’s comments was made by V. Kerry
Smith. This section summarizes some of the key issues raised in these reviewvs
that have, to some extent, guided the questions addressed in this review and

limited re-analysis of the Tolley et al. data.

The Ruud review wvas particularly critical of the Tolley et al. study and of the
use that was made of the results in the SAI report. Ruud suggests that the
error in the estimates (both from Tolley et al. and from CV visibility studies
in general) is so great that they should not be used for policy analysis.
Smith’s response agrees that the error may be considerable, but suggests that it
is a matter of judgement as to whether the error is so bad that better decisions
could be made by ignoring the data altogether. Smith suggests and makes a
preliminary effort at the kind of cross study analysis that is presented in
Section 6. His initial results were relatively inconclusive, but we found that
when functional forms for a bid function are used that a;e derived from value
functions for visibility that more than half of the variation in average values
across the studies can be explained. We conclude that this shows a great deal

of consistency across the studies.

Ruud also raises some important questions about the process by which bids were
judged to be valid or invalid in the Tolley et al. study. We agree that this is
a very important issue, and one that was not adequately documented by Tolley et
al., but ve were unable to test the effects of any of the suggested alternatives
because the available data had apparently already been cleaned of "invalid"
responses. Ruud seems to be concerned that the procedures used by Tolley et al.
would lead to an increase in the mean bids, but as Smith points out,this is not

necessarily the case since both high and zero bids were involved.

2-1
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Palmquist raised a question about the appropriateness of pooling the data across
all six cities in the bid function and suggested that this could be tested for
statistical validity. This is something we have done and is reported in Section
B

Carson emphasized the potential importance of the 19B4 surveys as a test of the
consistency of the survey approach and the 1982 estimates. This has been done

and is reported in Section 5.

Several of the reviewers raised similar questions to ours concerning the use of
photos that did not show the same change in visual range as the respondents were

asked to consider.
The reviewers made many other good points regarding the study, both positive and

negative. These are not all reiterated here, but those that we perceive as most

critical for the purposes of this review have been mentioned.

2-2
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3.0 CONTINGENT VALUATION METEOD: DESIGN AND EXECUTION

This section evaluvates the application of the contingent valuation method (CVM)
used by Tolley et al. in terms of the current CVM state-of-the-art for valuing
changes in visibility. The discussion is divided into three topics: the CVM
experiment design, seasonal and distribution questions, and general survey

research methods.

The most important problem in the CVM design was the use of photographs showing
visual range levels that did not exactly match the changes in visual range the
respondents vere asked to value. These questions are difficult to answer and
should not be compounded by forcing the respondent to judge for himself hovw 10
miles or 20 miles might look after shoving him 13 miles and 30 miles. Several
problems with the 1982 photos wvere addressed in the 1984 follow-up, but the

matching problem wvas not.

3.1 THE CVN RXPERIKENT

Designing a CVM experiment to obtain the best possible information on measures
of value for changes in a public good requires caveful definition and
presentation of scenarios of potential change in visibiliry, development of a
hypothetical market, and elicitation of specifiec value estimates. The Tolley et
2l. study improved upon standard practice in some of these areas and fell short

of standard practice in others.
3.1.1 Presentation of Visibility Scenarios

Overall, the presentation of visibility scenarios fell well short of srandard
practice. Our concerns here are probably more important than for any other part

of the Tolley et al.- CVM application.

In 1982, three sets of photos, each showing 4, 13, and 30 miles visual range,
were used to help the respondents answer the CV guestions in each of the six
cities vhere surveys were conducted. The three scenes in the photos were in

Chicago, although they do not appear to have been identified as such to the
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respondents. Judging from the sample questionnaire for Atlanta included in the
report, respondents in each c¢ity were told that typical visual range is 10 miles
in their area. They were then asked CV questions concerning a potential

reduction to S miles, an increase to 20 miles, and an increase to 30 miles.

The most important shortcoming of this presentation is that the photos did not
illustrate all the levels of visual range that respondents were asked to value.
The difference betveen 4 and 5 miles is probably not too important, but the
difference between 10 and 13 miles may be significant and the absence of a photo
shoving 20 miles visual range is definitely a problem. With this presentation,
respondents are leftr to guess for themselves wvhat 20 miles visual range might
look like based on the 13 and 30 mile photos. Since 10 miles is the base from
wvhich respondents are asked to consider changes, the absence of a 10 mile photo

i1s also a problem.

Another important problem is that respondents were told that 10 miles visual
range is typical in each city and vere asked to value changes in typical visual
range from this presumed 10 mile base. The authors, however, used the folloving
estimates of typical visval range in the analysis of the responses from each
city, indicating that typical visual range was not close te 10 miles in all of

these cities.

“t

CITY TYPICAL VISUAL RANGE USED IN ANALYSIS (LOCENDOV)
Cincinnati 9 miles
Mobile 10 miles
Atlanta 12 miles
Miami 13 miles
Vashington, D.C. 15 miles
Boston 18 miles

This is especially problematic for Washington, D.C. and Boston where typical
visual range is as close or closer to the 20 mile level than the 10 mile level.
Small discrepancies {such as 9 or 12 miles) are probably not important when
considering 5, 10, or 20 mile increments, but they do raise questions about the

suitability of using the vesponses to value smaller changes in visual range.

3-2
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Most respondents will have no idea what visual range level is typical in thelr
area, so it might be feasible to shov them a picture of 10 miles visual range
and tell them it is typical in their area. However, people do have a sense of
vhat it looks like vhere they live, and the combination of the poor match of the
photos to the hypothesized changes and the poor match of the presumed typical
level to the actual typical level in each city raises serious questions about

the change in visual range that the respondents actually valued.

The respondents wvere correctly Instructed to pay close attention to the changes
in color contrast and texture associated with the different levels of visual
range. Perceptions work has shown that these guide judgments of visual air

guality.

The quality and consistency of the photos was not what it should have been, but
the problems wvere not too great for the Chicago city scenes. Standard practice
is to hold everything in the scene (including clouds and sun angle) as constant
as possible and vary only the air quality. The outer drive photos for Chicago

vere not adequately uniform.

In response to concerns raised about the photos used in the 1982 portion of the
study, surveys were conducted in 1984 ion three eities using city-specific
photographs. Judging again from the example of the Atlaﬁta questionnaire
included in the report, it appears that respondents in 1984 were told the actuval
typical visual range in their city and were asked to value changes (-5, 10, and
20) from that level. Por Atlanta rthis was 12 miles, for Chicago this was
apparently 10 miles, and for Denver this was apparently 50 miles. The authors
are not very clear about this in the text, but these are the values of the
LOCENDOW variable and the Atlanta questionnaire asks about changes from 12 to 7,
12 to 22, and 12 to 32. The photos for Atlanta showed 5, 9, and 20 miles visual
range, and it appears from the questionnaire that the respondents were told
these levels. The authors do not report the visval range levels for the photos

in the other cities.

The authors argue that the results from the 1984 surveys are comparable to those
from 1982, and conclude that using the Chicago photos was not a problem. See

Section 5 for more on these results. From a CVM design point of viewv is it
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difficult to say what the comparison of the 1982 and 1984 results can show given
that several things were changed: (1) the content of the scene, (2) the levels

of visval range illustrated, and (3) the asserted typical level of visual range
in each eity. It appears that the poor match between the illustrated levels and

the hypothesized changes remained in the 1984 surveys.

There were some additional problems with the 1984 photos. One was that aerial
vievs vere used. These are not views that people typically see and it 1is
uncertain what visual range means from an elevated angle because the atmosphere
is not homogeneous. The use of air brushing to produce the different levels of
visual range alloved uniformity between the photos for everything but air
quality, but it does not necessarily simulate exactly the change in contrast
that occurs with air pollution. There are computer simulation techniques

available that can simulate the visual effects of pollution.

Afrer the respondents vere asked the values for changes in visibility in their
area, they were asked to value a 10-mile improvement (from the current level in
each location) throughout the East and throughout the country. In the 1982
surveys, respondents were shown photos of a scene at Shenandoah National Park at
three visual range levels and of a scene at Grand Canyon National Park at three
visual range levels to help them answer these two additional questions. In the
1984 surveys, a scene of Niagara Falls and a scene at th; 6rand Canyon was used.
Respondents do not appear to have been told the level of visual range in these
photos or the locations of the scenes or what typlcal visual ranges levels are
in the rest of the Bast and Vest (although some information on the latter was
given in 1984). The authors assert that the responses to these questions
provide some information about the option and existence values respondents hold

for a 10 mile improvement in visual range in places where they do not live.

There are several problems with these regional value questions that lead us to
conclude that the responses suggest non-zero values for the protection of
visibility in areas other than the respondents’ own residence location, but that
the values are not applicable for specific mile changes in visual range and
there is no way to know what combination of use, option, existence or altruism
values motivate the responses. Most important, the levels of visual range shown

in the photos do not appear to have any relationship to the hypothetical 10-mile

3-4
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improvement. This makes it impossible to know what change in visual range the
respondents really considered. Another problem is with the use of photos from
special scenic areas. Although it is impossible to select a perfectly "typical™
scene to represent an entire region, special scenic shots are likely to provoke

different (probably higher) responses.

3.1.2 Definition of Hypothetical Market

In the 1982 portion of the study, respondents were told that there are man-made
pollutants that affect visibility but not health, and that these can be reduced
at a cost of making things we buy more expensive. The respondents were shown the
three sets of photos taken in the Chicago area illustrating three levels of
visual range. For the potential decline in visibility question respondents were
agked to consider what it would be like if typical visual range declined to 5
miles. They were told that a program could be set up to prevent such a decline
and wvere asked the most they would be willing pay each month for such a program.
For the 10 and 20 mile improvement questions, respondents were again asked the
most they would be willing to pay for a program that could be set up to obtain

such an improvement.

Some previous CVM studies (Brookshire et al. 1978, and Loehman et al. 1979) have
done more to distinguish between concerns about health é?fects and visibility
aesthetics. One reason was that these studies were lrying to estimate total
values for air pollution reductions (including health and visibility concerns),
but another reason is that this distinction may not be clear in the average
person’s mind. There is probably a tendency to use visual degradation as a
perceptual cue to potential health effects. There may be some truth to this
association in that there are some pollutants, such as fine particulates, that
have health as well as visual effects. The Tolley et al. questionnaire probably
handled this problem a little too lightly. If concerns about health effects, or
expectations that health effects would be reduced if visibility were improved,

did affect responses then an upward bias would be expected.
The authors of the study purposefully kept the details of the possible programs

and the specific avenue by which the respondent would have to pay quite vague,

with the intent of minimizing any biasing influences that specific details might

3-5
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cavse. This presentation of the hypothetical market has the strength of being
very simple and strajghtforvard and may have been effective in keeping the
respondents focused on visibility. On the other hand, 1t is important that a
hypothetical market be realistic enough that respondents can imagine hov a
payment they might make could be related to the availability of the good in
question. In the 1984 follow-up study in three cities the authors also tested a
hypothetical market mechanism involving asking subjects what they would be
willing to pay in terms of higher utility bills if the required pollution
controls resulted in higher costs to the producers of electricity. They report
responses about $2 per month less than with the unspecified payment vehicle and
they conclude that the utility vehicle caused downvard bias because people
already feel that their utility bills are too high. This may be true, but it is
also possible that the more concrete vehicle made the potential payment seem
more realistic, causing respondents to give ansvers closer to their true values.
OQur conclusion is that this is still an open question. Tolley et al. made
reasonable choices concerning the presentation of the hypothetical market, but
there is still the possibility that the vagueness of the payment vehicle could
have led to some bias‘(possibly upward).

A possible limitation of the presentation of the hypothetical market is that
there wvas not an option to accept worse visibilicty for {over prices. The
presumption in the way the questions were presented is tﬁat respondents prefer
higher visual range. This wvas standard practice in CVM studies at the time this
one vas designed, but more recent CVM studies have been making more of an effort
to allow an option of lower visibility and lower prices. This may reduce

protest responses.

3.1.3 Eliciting Value Estimates

The CVHM literature is quite extensive In considering how to ask the value
question, although there is no agreement as to a single best way. Tolley et al.
gave careful treatment to this issue in the 1981 pretest. Six different
question formats were tested in the pretest. The one with the lowest number of
protest responses was selected for the full survey. This format included a
payment card showing typical household payments for several public and private

goods, and an iterative bidding style question. It is worth noting that as well

Biti
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as obtaining the smallest percentage of protest responses, this format elicited
the highest average bids of all the formats used in the pretest. This raises
some question about whether the respondents are being led in some way by the
payment card examples, but may simply be the result of a better received
question. The report does not include any examples of the payment card used, so

further evaluation of this issue is not possible.

Vith an iterative bidding style question it is necessary to start with a
specific dollar amount. The authors report that no starting point bias was
found in the pretest, but they do not report adequate information about the
evidence for this conclusion to allow an independent assessment. This is
unfortunate since starting point bias has been found in many CVM studies, making
a simple assertion that starting point bias was not a problem difficult to
accept. Based on this conclusion from the pretest, a single starting point of
813 per month vas used in the final surveys (in 1982 and 1984). Using a single
value makes it impossible to test for effects of starting point and was probably

not a prudent choice, the pretest results notwithstanding.

The zero bid follow-up question was falrly standard, but with a nice addition of
explaining that the respondent would have a chance to say whe he thought should
have to pay and asking him to reconsider his response. Unfortunately, the

authors do not report the effectiveness of this followv-up approach.

3.2 SEASONAL AND DISTRIBUTION QUESTIONS ASKED IN 1984

Some additional questions were asked in 1984 concerning values for changes in
visibility in summer or wvinter or on only 10 days per year. The sample sizes
wvere quite small so conclusions are tentative and alone should not be used for
policy analysis. One finding for all of these questions was that values did not
decrease in proportion to the decrease in time that visibility would be
improved. For example, the values for visibility improvements during the half
of the year that includes summer exceeded one-half the value given for the whole
year. The values for 10 days only implied much higher annual values if
multiplied by 36.5. The authors argue that this is consistent with the

declining marginal utility observed in the annual estimates for increasing
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increments in visual range change. This may be the case, but 1t also raises
questions about the transferability of results obtained for one scenario to
another. In fact, the authors report that initially the values for 10 days
exceeded the annual values. After changes in the questions were made that
included a more thorough illustration of the hypothesized change in visibilirty,
the values for 10 days fell to about one-half what they were originally. This
illustrates the dramatic influence that the details of the survey design can
have. Photos and graphics designed to explicitly present each of the seasonal
or distribution questions should have been used.

The authors conclude from the summer/winter que;tinns that vigibility
fmprovements in the winter are slightly more highly valued. This conclusion
does not seem appropriate. Looking at the individual eiley results, Chicago and
Atlanta shov significantly higher values for summer improvements. Only Denver
shows higher values in the wvinter. This can simply be explained by the fact
that visibility due to man-made pollution is much worse in the winter in Denver
than in the summer (due to the more frequent ocecurrence of temperature
inversions). Such a dramatic seasonal difference does not oceur in the Eastern
cities, although summer might tend to be somevhat worse than winter. It makes
sense that summer lmprovements would be more highly valued im the East when
people spend more time outdoors. These important regional differences were
blurred in the analysis that put all three cities tugeth;r and found a slight
preference for improvements in the winter. These results also suggest that
respondents may be thinking as much about typieal conditions as they knov them

than about the photos shown to them.

Another interesting question was asked about improving poor visibility days to
typical days and improving typical days to good days. The responses revealed a
preference for reducing poor days rather than inereasing good days. This could

have some policy relevance if confirmed with additional study.
3.3 SURVEY RESEARCH METBODS
The details of the survey research methods used by Tolley er al. are not very

well reported. This is a concern because any survey research effort is

potentially subject to important influences or biases as a result of the vay in
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vhich the survey was conducted. This is especially important for CVM surveys
and is therefore standard professional practice to report on interviever
training, field practlices, sampling procedures, refusal rates, and other
details. The lack of {nformation reported by Tolley et al. concerning these
details makes it impossible to evaluate the appropriateness of the surVey
implementation approach taken. This should not be allowed to set a precedent
for future CVM vork.

A strength of the survey procedure used by Tolley et al. is the extensive
pretest that vas conducted in Chicago in 1981. Alternative formats for the CV
questions vere tested as were other details of the survey design. The reporting
of the pretest findings upon which the final questionnaire wvas based was not as
thorough as it should have been. The specifie conclusions and ultimate design
of the CV questions used in the 1982 six cities portion of the study are

discussed in the following section on econamic considerations.

An important factor that does not appear to have been considered is the
porential for interviever bias. Jt is standard practice for CVM studies using
personal interviews to keep a record of the interviever in each case and test
whether there may have been some influence by the individual interviever on the
villingnass-to-pay responses. This information does not appear in either the

report or the computer dataset available to us.
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4.0 FUNCTIONAL FORM ISSUES IN THE ANALYSIS AND APPLICATION OF
THE CONTINGENT VALUATION RESULTS

Tolley et al. estimate and apply a visibility valuve function using results
from the CV survey. Estimating such a function is a useful objective. Tolley
et al. conduct an acceptable analysis using reasonable assumptions based on
their data. However, some limitations of their approach are worth noting and
some suggestions for alternative estimations can be made. These are discussed

in this section and are summarized as follows:

o The functional form selected by Tolley et al. does not appear to have
a direct relationship to any underlying utility theory beyond the
signs of the first and second derivatives, equalling a priori
assumptions. However, these properties are forced to occur and are

not tested.

o The functional form selected appears to be consistent with the data,
but the results are nol particularly robust across location and year
(contrary to the assertion of the authors). This may be in part due
to the lack of consistency between the form and underlying utility
theory and the requirement that changes in visib%lity may only affect
bids interactively with socioeconomic variables, which are often not

strong correlates with environmental preferences and values.

Some suggestions based on the analysis reported in this section have been
carried out and are reported in Secrions 5 and 6. These include the use of
more flexible functional forms, the use of functional forms that more closely
reflect underlying utility theory, and consideration of the results of all
urban visibility CV studies especially as they relate to the effects of

different base levels of visual range.
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4.1 UTILITY AND CONSUMER SURPLUS MEASURES

A simple utility model can give some insight about how we would expect a bid
function to look. Consider the following utility function.

Uij = U(Sj, Yi' Xi) + Ejl 4.1
vhere:
Uij = utility of individual i with available scenic resources
at site j

S. = scenfc resource level at site j

Y, = Income for individual or household i

Xi = socloeconomic vector for individual 1

E. = error term in decision of individual or in observer’

measurement of Uij (see Hanemann, 1984, for discussion)

Let us assume that for estimation purposes visual range can be used as a
measure of scenle resources. Some limitations of this assumption are
discussed in the next section. Consider three levels of Sj such that SOj <
Slj < szj with Slj being the current level of visibility. The compensating
surplus (CSi) measure for an improvement in visual range from Slj to SZj is
defined as in equation 4.2, This is the decrease in income that would keep
utility the same as it was before the improvement in visual range occurred.
This is the measure obtained vhen a subject is asked the maximum he or she

would pay to have an improvement in visual range.
U(Y,,S81,,X.)+E1 = U(Y.-CS.,52.,X.)+E2 4.2
i it 1 1 ] 1

The equivalent surplus (Esi) measure for a decrease in visual range is defined
in equation 4.3, This is the decrease in income that would cause the same
decrease in utility as the decrease in visual range. This is the measure
obtained when a subject is asked the maximum he or she would pay to prevent a

decrease in visval range.

UCY-ES;,S1,%X;)+EL = U(Y;,S0,,X, )+E2 4.3
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For convenience, the subscripts i and j will be deleted in subsequent
discussion. Table 4-1 shows some specific utility functional forms and the
implied CS and ES functions. These shov the effect of additive and
multiplicative utility terms and forms on the functional form of the CS and ES

equations.

The first derivatives of all the utility functions with respect to visual
range are expected to be positive (more visuval range means higher vrilicy).
The sign of the second derivative may vary in some cases depending on the
sizes and signs of the parameters. If visuval range is similar to other
consumption goods, it would be expected that the second derivative would be
negative (vhen a person iz at a higher level of visual range then the value of
an additional unit is less). There is no reason why this has to be the case,
hovever, since visual range is not something that a consumer necessarily
becomes satiated with at higher levels. Tolley et al. presumed that
visibility is a typical consumer good and therefore selected a functional form
that forces the same derivative with respect to changes in visual range to be
negative vhen the first derivative is pesitive. Moreover, visual range is an
input to the production of S, and the funcrion may have an increasing or
decreasing second derivative over different values of VR in different

locations.

Forms 3 and 4 in Table 4-1 help to illustrate that the functioen used in Tolley
et al. is unlikely to be well related to underlying utility theory. Form 3

over
P | form

indicates that it is not possible to get a CS5 function in the g[l-e
with Y in the pover term and not in the g term. Only a transformation on the
£S5 function, as shown with form 4 in Table 4<1 results in a form similar to

that used by Tolley et al.
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Table 4-1
Some Utility Functions and Their Related C5 and RS Punctions

bY + aS + ¢¥YS + idkxk + ifksxk + E

- Sl)(a + cY + Ekak) + OE

. . . s A o e o e o A

b + cSl
: Assume a, b > 0, Xk >0
au 320
-- > 0 it a+cY+kaXk > 0; --3 = 0
3s as

used in Rowe et al. (1980)

aY + bsP 1 xqu + X% + E

k
P P q

b/a (S,° - s, )E X,k + aE/a
P P q

b/a (s,° - s, )E X Jk + 4E/a

Assume a, b > 0

L >0 ¥S; ¢

aS as




Cs =

ESf

NOTES :

Cs =

ES =

NOTES:

Energy and Resource Consultants, Inc.

Table 4-1 - Continued

bSZIa
k

E

aYe kxk * e

Y[1-eb(31‘32)£ ek » o8B

AE

Kk * e

¥i1-e2 S 00 8

Adding Y as a variable in the exponent greatly complicates the CS

and ES expressions. Tolley et al. form (without Y in exponent) =
g * cS/Y

Assume b ﬁquk >0

Myows; 2lsows

a5 852

eaS + cYS + Sidkxk + E

(a + cY «+ ﬁdkxk)(sérsl) + OE ‘

(a + cY + ﬁdkxk)(sl-so) + OE

Assume b Equk >0
k

2
ﬂ>0#s;ig>o4s
3s as

Tolley et al. bid function (without Y in exponent) =

1675 g e FORSETs BARXVIC,<55) e 081,
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4.2 VALUR VERSUS BID FUNCTICNS

Tolley et al., refer to their estimated function as a value function, but 1t
would be more accurate toe call it a bid funection, because visuval range enters
only as a change. A value function would give a dollar measure of the total
value associated with each level of visual range. The value function is not
estimated bf the CV questions because these are typically for changes in
visibility from one level to another. By referring to their bid function as
value function, Tolley et al. confuse this distinction and make it appear as
though they have made a contribution that no other CV studies have made. In

fact, most CV studies have made some attempt to estimate a bid function.

Tolley et al. actually estimated a bid function for changes in visual range
from a base level of 10 miles. It is not appropriate to use the function to
estimate values for changes from other base levels, because thare is no
information in the Tolley et al. data that says what values would be for
changes from other base levels.

In selecting the functional form for the bid function it is appropriate to
consider the expected properties of the underlying value function and then
derive the bid function by taking the difference in the value functions for

two different levels of visual range.

4-6
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5.0 ADDITIONAL EMPIRICAL ANALYSES OF TBR TOLLRY ET AL. DATA

The Tolley et al, data for 1982 and 1984 wvere obtained and several issues were
addressed concerning the estimated value function. This re-analysis of the data
involved obtaining more detailed descriptive statistics than included in the
report, estimating different functional forms to test the consistency of the
predicted value estimates, testing for the appropriateness of pooling the data
across the different cities, conducting a more rigorous comparison of the 1982
and 1984 results, and considering functional forms more consistent with

underlying value (as opposed to bid) funcrions.

The results reported in this section suggest there is less precision in the data
for predictive purposes than is implied by the estimation and presentation of
the negative exponential model by Tolley et al. Less rvestrictive functional
forms support the basic functional curvature properties of the negative
exponential form, but show the limitations of the data for predicting outside

the range of visibility changes considered in the survey.

The separate analyses for the six cities reveal some apparent problems with the
results froo Miami and suggest the pooling of data across the cities into one
bid function may not have been appropriate. Predicted bfds are, hovever,
reasonably consistent for the other cities. Most important, very little of the
differences in the bids across cities is explained by the single equation model,
limiting the confidence with which one could apply the bid function for a large

area such as the eastern U.S.

5.1 DESCRIPTION OF THE SIX CITIES DATASET

This subsection is to provide a more complete description of the six cities
dataset than is presented in the report. Unfortunately, the dataset made
available to us were apparently already purged of data that were judged
unacceptable for the analysis. This made it impossible to evaluate the

decisions made about what data to omit.
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The criteria for deciding what data to consider valid in a CV study are
controversial and should be reported in detail in any CV study. It is standard
practice to eliminate "protest" zeros that are identified by a follow-up
question. Tolley et al. apparently used this procedure but failed to report the
number of responses that wvere eliminated for this reason. On page 129 they
report that responses from 792 households were obtained and that 538 were used
in the analysis. They ceport that the major reason for omitting data was a
refusal to give income information, that "some" cases were eliminated due to
protest zeros and in s “few" cases unreasonably high bids vere a2lso eliminated.
In the 1981 pretest it was reported that blds exceeding 10X of income were
recoded to 10X of income. This was apparently not done to any significant
extent in the 1982 data because there are only four cases where bids equal 10%
of income. The scanty reporting of what was done to clean the data is

unacceptable in a study of this type.

There are two discrepancies between our dataset and that reported in Tolley et
al. (Section 2.4). First, we have 2616 valid cases, whereas they report 2615.
The computer printout of their estimated value function (Table 2-19) does
indicate that 2616 observations wvere used, hovever. It appears, therefore,

that we have the same dataset. Moreover, the estimates of the value function
presented belov in Table 5.2.1 are very close to that prgsented by Tolley et al.
The second discrepancy is in the overall average bid. Tolley et al. report
108.74., while the data used here have an average bid of 130.65. A probable
explanation is that this figure is a typo in Tolley et al. On the other hand,
the discussion in Section 2.3 of Tolley et al. indicates that some "data
trinming" were performed in the 1981 pretest survey. If similar transformations
wvere performed on the 1982 data, they are not coded in the data made available
to us, but because the value function estimates are so close, we believe the

dataset we have is the final dataset used by Tolley et al.

Summary statisties for the entire sample are presented in Table 5.1.1. BID
represents all bids, while BIDI to BID5 represent the breakdown of the data by
type of change in visual range; -5, 10 (local), 20 (loeal), 10 (regional), and

10 (entire U.S.), respectively. The other variables are the same as those
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Table S.1.1
Summary Statistics—-—-Six Cities Dataset

(All Data)

Variable Mean Standard Dev. Minimum Max imum
Bid - 130.65 294 .06 -1320 4200
Bid! -150.12 180.92 —-1320 0
Bide 149.73 182.48 0 1320
Bid3 191.15 241 .98 (o] 1800
Bid4 210.98 291.34 (o] 34600
BidS 2446.33 347.58 0 4200
Locendow 13.02 3.28 9 18
Income 23.21 17.30 0 125
Hsldsiz 3.17 Y93 1 21
Hohed 13.07 4.41 1 76
Hohage 45.38 16.40 19 g2
Exview .49 .50 o] 1
Badevyes .22 42 o} 1
Actcindx 11.93 7.99 0 34
Prop -14 -34 o] 1
Femhoh .39 49 0 1
Own .66 47 0 1
Rural .11 .32 (0] 1
Nonwhite 32 -47 o 1
Dvr ?.05 7.97 =3 20

———— T, e e o o e e e e e e o e e e e e e e o e o . —— ———— e e —— i ——
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described in Tolley et al. (Table 2-18). As noted, the major difference is in

the overall average for the bids (BID).

More descriptions of the data are presented by clty in Tables 5.1.2 - 5.1.7.
Several interesting comparisons are possible. Average income ranges from a low
(in Atlanta) of about $20,000 to a high (In Washington) of over $27,000. Some
cases were coded with 2ero income. In the Atlanta sample, only 44X of the
households owned their current place of residence, while in Cincinnati, over 80X
owned their place of residence. About 602 of the Washington and Miaml samples
and about 50X of the Atlanta sample were non-white. Although these figures are
probably representative of these immediate urban areas, they seem a little high
for the regions under consideration. In Boston, over half the sample were

households with female heads.

The most interesting figures are the percentages of remaining zero bids. These
figures are quite large for Miami (about 50X) and Cincinnat{ (about 30X). These
are presumably "true" zere bids because it appears that protest zeros were
already purged from the dataset. The corresponding average bids for these two
cities are substantially lower than for the other cities. In reading these
tables, the 25%, 50X, and 75% columns reflect that 25% or 50X or 75% of the data
fall belov the value reported in that column. In Atlanta, for example, 50% of
the bids for the local 10-mile improvement (BID2) fall below $120/year.
Therefore, the median for BID2 is $120/year. The percentile figures give some
feeling for the distribution of the bid data. The means are generally higher
than the medians for these data, reflecting the large number of zero bids and
the presence of some relatively high values. Dependent variables with this type
of distribution can imply some problems for hypothesis testing when a model is
estimated under the least squares criterion. However, this does not necessarily
mean that the least squares criterion will produce inappropriate models for

prediction.

5.2 BID FUNCTION ANALYSIS -~ AGGREGATE DATA

A comparison is made between the negative exponential form used by Tolley et al.

and two other forms. The additional models estimated here are easier to

5-4
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Table S.1.2
Summary Statiatics—--5ix Citie=z Dataset
(Atlamta, N=453,; Laocendaw=12)

Independent Variables

S | s . N A e S A e - - . ) - S S S [ i S e S i A S . S S S < s S s ey o e L

Varjable Mean Standard Dewv. Hirimum Faw imum
| ncome 19.93 17 .28 298 85
Hzld=siz 3.4% £ .35 1 21
Hohed 11.37 a..59 2 15
Hohage L2, b 14 .35 = T
Exview -y « S0 4] 1
Badeves 13 e L o i
Ackcindw 10.46% 7-18 o 27
Frop 03 A7 O 1
Femhoh i 4 A8 o i
Oy -Gy - S O i
Aural -1 .33 o 1
Merwh i te 30 20 O i
Bids
Type Mean S5t. Dewv. Hin 25% S04 75d Maw e
Bid 184 .24 a359.51 —1200 Q 120 =gl 14832 L?
Bidl —-195.592 221 .87 —-1200 =280 =154 —50 O 17
Bida 188.3%9 214 .59 o 58 120 2T 1114 19
Blia3 281 .42 J15.31 O 4] 1585 A da iy 1532 18
Bid&4 284.21 J23.12 0 oty 154 394 14632 17
BidS 3asez.al 397.5%9 & & B0 Sié 1532 15

— o L P ] L T P W T B B U e e s e (s e o s o
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Table S.1.3
Summary Statistics--Six Cities Dataset
{Boston, N=574, Locendow=18)

Independent Variables

e e S T  — — — — — ——— —— — — ————— e i S A S A S A . G S G M S S A Sy e el P P g ey ——

Varlable Mean Standard Dev. Minimum Maximum
Income 25.03 17.83 0 125
Hsldsiz2 3.1B 1.75 1 10
Hohed 13.76 3.01 7 20
Hohage 47.46 16.76 21 g0
Exview 4G .50 4] 1
Badeyes .17 .38 o) 1
Actc indx 14.51 8.05 0O 36
Prop .1B . 3% 0 1
Femhoh .53 .50 o) i
Own .73 N O 1
Ruratl .18 .39 0 i
Nonwhite .03 T O 1

Bids
Type Mean St. Dev. Min 25% S50% _ 75% Max 70
________________________________________________ e o g - i
Bid 117.24 254. 468 -1200 0 40 240 2400 17
Bidl -144 .59 1463.50 -1200 -21&6 114 -25.5 0 15
Bid2 138.94 158.48 (o] 18 120 216 1200 20
Bid3 1720.546 2146.18 0 t8 154 274 1BOO 19
Bid4 188.79 238.19 o] 19.5 134 276 1920 17
BidS 224.22 2946.20 0 as 156 300 2400 15

e
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Table 5.1.4
Summary Statistics—-—Six Cities Dataset
(Cincinnati., N=449, Locendow=%)

Independent Variables

Variable Mean Standard Dev. Minimum Maximum
Income 23.75 17.48 2.9 125
Hsldsiz 3.24 1.86 1 15
Hohed 13.49 a.12 1 20
Hohage 45.27 16.79 19 79
Exview .65 .48 (o] 1
Badeyes .2b 44 (0] 1
Actcindx 12.93 7.17 2 31
Praop .05 .23 (o] 1
Femhah .31 “ab (0] 1
Own .81 .40 (o] 1
Rural o= 42 (o] 1
Nonwhi te 16 36 (4] 1

Type Mean St. Dev. Min 23% SO% 7S5% Max %0

Bid 43.48 107.33 -394 Q 13 6O 672 28
Bid1 -57.48 77 .24 =396 ~72 -24 . (o) o] 27
Bida 56.%4 8e2.28 4] 0] 24 72 396 30
Bid3 63.64 89.89 o) o) 346 72 396 30
Bida 73.53 106.75 &) 0 36 1.5 &72 27
BidS3 79.72 113.22 o o) 346 102 &72 26

e e e e e e e e e e e S S et e M B e S M S R e e e e e e e e e e R S S S T o
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Table 5.1.5
Summary Statistics——Six Cities Dataset
(Mobile, N=451, Locendow=10)

Independent Variables

e e e e e e e e e e e e P e e e S S S s e S e e e e e S e e e S o e, s

Variable Mean Standard Dewv. Minimum Max imum
Income 20.17 17.47 0 125
Heldsiz 2.84 1.54 1 8
Hohed 13.15 7.35 1 74
Hohage 43.27 16.27 22 80
Exview .37 .49 o] 1
Badeyes 21 4 (6] 1
Actcindx 7.19 5.468 1 25
Prop .18 .38 (o] 1
Femhoh .48 .50 0 1
Own .68 47 0 1
Rural .07 25 (0] 1
Nonwhite .27 43 (0] 1

Bids
Type Mean St. Dev. Min 25% S50%4 75% Max %0
Bid 133.40 218.84 —5146 (o] 120 a7é 8746 11
Bidl —-1546.40 140.98 -316 -2164 ~-156 -39 o] 12
Bid2a 148.00 140.92 0 &0 1546 276 516 10
Bid3 194.68 163.32 0 &0 180 2746 &36 12
Bid4 214.462 175.946 0 72 180 300 784 11
BidS 238.48 121.95 0 96 216 312 874 10
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Table S5.1.6
Summary Statistice--5ix Cities Dataset
(Miami, N=235¢ Locendow=13)

Independent Variables

il e e e o T ——— — —— e fe e i o e o o o . T T e W o e e T

Variable Mean Standard Dev. Minimum Maximum
Income 21.99 14.08 3.9 55
Hsldsiz 2.87 2.07 1 12
Hohed 12.13 3.90 3 20
Hohage 47.57 18.56 20 {2
Exview .34 .48 0 i
Badeyes . 34 .48 (o] 1
Actcindx 10.91 8.03 3} 35
Prop .13 <33 o 1
Femhoh .17 .38 O 1
Own P I 4 .50 o 1
Rural .02 -15 o] 1
Nanwhite .60 .50 0 {

Bids
Type Mean S5t. Dev. Min a5% SO% T3% Max %O
Bid 463.39 167.34 ~436 0 (o] 1S4 660 47
Bidt -98.49 135.21 —-&3db -156 -38 . 0 0 43
Bida 88.47 128.88 (o] (0] 0 1546 &34 a1
Bid3 104 .04 142 .52 lo] 0 24 156 &34 49
Bid4 115.53 159.463 (0] 0 36 180 &60 47
BidS 118.34 163.59 (@] (o] 3& 180 &460 47

S-9



Table 5.1.7
Summary Statistics—-Six Cities Dataset
(Washington, N=434, Locendow=135)

Independent Variables

o —— e e T il o s W Wl A . e o R, B —— — T — o . T ot o S o e,

Variabhle Mean Standard Dev. Minimum Maximum
Incame 27.45 t&6.94 2.5 735
Heldsiz 3.34 1.71 1 i1
Hohed 13.94 3.45 2 20
Hohage 46.29 16.07 23 8e
Exview .48 .90 O 1
Badeyes -3t 47 o 1
Actcindx 14.17 &.78 1 27
Prop 24 .53 o i
Femhoh .38 49 (a) 1
Own .69 47 (0] 1
Rural .01 11 8] 1
Nonwhite .60 .49 o 1

Bids
Type Mean St. Dev. Min 25% SO 175% Max %O
Bid 218.98 448.93 -1320 (6] 156 3560 4200 10
Bidl -231.70 235.96 -1320 —-300 —-142 -81 0 7
Bid2 238.36 250.21 o} 7 168 300 1320 12
Bid3 302.97 315.34 0 120 216 420 1740 | =
Bida a58.13 4468.09 (s} 120 240 43868 34600 10
BidS 421.93 352.11 0 120 274 540 4200 10

e e e e e e e e e e e e o e e e e e o e o e o o o B B . e, Sy . P e ) A W e T ———— T — ——— ——— i — A W i

B
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interpret, easier to estimate, and less restrictive than the negative
exponential form. The purpose of this section is not to present an exhaustive
functional form search, but to consider the sensitivity of the Tolley et al.
estimates and predicted values to model selection. This analysis is important
for policy makers vho are attempting to use the Tolley et al. results. More

material on functional forms related to the underlying value function is

presented in Section 5.5.
Tolley et al. assert that the theory behind the value function suggests:

(a) the bid should equal zero vhen DVR (change in visual range) equals
zero,

(b) the bids should be increasing with DVR, and

(¢) the bids should increase at a decreasing rate with respect to DVR.

These conditions (or hypotheses) are forced in the negative exponential
function. Rather than impose these conditions by choice of functional form, an
alternative is to test for their satisfaction empirically. To facilitate this,

the first additional model considered is:

2

BID = a + L bixi * DVR + ¢, DVR + ¢y DVR _ (5.2.1)

1

This model is simple and does not force the assumptions to hold.

In addition to the form represented in equation (5.2.1), a model with just DVR,
INCOME, and c¢ity dummy variables was estimated. This model is given by:

BID = a « by DVR + b, bvRZ + b, INCONE + b, INCOME
+ b. INCOME * DVR + L ci CITYi (5.2,2)

i

2

5

This form enables us to gauge the importance of the other independent variables
in predicting bids for changes in visuval range. It may also be more comparable
with other CV studies. The influence of LOCENDOW is captured by the city dummy
variables. Age, sex, race, and education are, at least partially, captured by

the differences in income.
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The estimates using the dataset provided to us of the negative exponential form,
equation 5.2.1, and equation 5.2.2 are presented in Tables 5.2.1, 5.2.2, and
5.2.3, respectively. The negative exponential is very similar to the one
reported by Tolley et al. The slight differences are probably due to different
estimation routines. The model seemed sensitive to the type of estimation
method employed. The method used herein is a numerical derivative method which
produces- more accurate results than other derivative methods. The major
difference between the model reported here and that of Tolley et al. is the
R-square figure (.36 versus .47). Again, this is probably due to differences in
computer routines. This discrepancy does point out, hovever, the problem with
using the R-square, even as a descriptive statistic. The intercept term in
Table 5.2.2 is significantly less than 2zero, indicating that property (a) is
rejected. However, the magnitude of the coefficient is relatively small (-$18);
the function goes close to zero. The estimate of <y is negative and
significant, supporting property (c) for positive changes in DVR. By entering
the bids for preventing a decline in visual range as negative values for a
negative change, the function is forced to have a steeper slope in the negative
range. It is inappropriate to draw any conclusion about this, however, because
there is only one data point in the negative range. The actual slope (if it were

completely unrestricted) of the function in the negative range is uncertain,

Some differences in the results in Table 5.2.2 and the negative exponential in
Table 5.2.1 are wvorth noting. First, the influence of LOCENDOW is negative and
significant in the new specification. This would support the diminishing
returns to visibility hypothesis put forth by Tolley et al. (page 138). Some of

the socioceconomic coefficlents have different statistical significance.

The estimates for equation 5.2.2 (presented in Table 5.2.3) provide some
information about the sensitivity of the value function to alternative sets of
independent variables. In this equation, the bids are a function of DVR and
INCOME; all other variables are dropped from the specification. The DVR terms
and four of the city dummy variables (CD2 to CD5) are significant. The income

terms are marginally significant.
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Because the three forms presented here are not nested, there is not a
statistical method for choosing between them. As an alternative, predictions of
bids are presented by type of functional form in Tables 5.2.4 - 5.2.6. In each
case, predictions are made by city for several values of DVR and for two levels

of income.

The predictions from the negative exponential and the form of equation 5.2.1
were generated by setting HOLDSIZ = 3, HOHED = 12, HOHAGE = 40, EXVIEV = O,
BADEYES = 0, ACTCINDX = 12, PROP = O, FEMHOH = 0, OWN = 1, RURAL = O, NONWHITE =
0, EAST = 0, and WEST = 0. Then, the appropriate value for LOCENDOW was entered
for each city along with the correct city dummy variable value. Even though
there are only 4 city dummy variables, bids are predicted for each city because
LOCENDOV changes for each ¢ity. These tables reveal the sensitivity of the
value function to the specific forms and to changes in income. Note that since
the model of equation 5.2.2 contains a dummy for each city, the bids are

predicted for each city directly.

Consider the predictions for Atlanta when DVR = -5. The negative exponential
yields -105 and -130 for income equal to $25,000 and $40,000, respectively. The
model of equation 5.2.1 yields -187 and -203, while the simple quadratic model
yields -85 and -97, respectively. There is a consideraQ}e range evidenced here
in terms of value estimates, and the two quadratic forms appear to be less

sensitive to the income change than the negative exponential.

In general, the results using more flexible funectional forms suggest that the
data are consistent with the properties for which the negative exponential form
vas selected. The results show, however, the variability in predicted values
that can occur vith different functional forms. This is especially true for
small changes in visual range as illustrated by the predicted values for a one
mile change. Because the more flexible forms are not forced through the origin,
the predicted value estimates for changes close to the origin are very unstable.
This points to the potential error that may be involved when predictions are
made for changes outside the range of those considered in the survey and to the
uncertainty that is essentially covered up by fitting a smooth function with
expected properties (that are forced) with what amounts to only three data

points (which are not near the origin).
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Table 5.2.4
Predicted Bids By Change In Visual Range
For The Negative Exponential Function
{(8ingle Egquation Model)

Income=%$25000

—— i ———————— (— — — — — T T T T T — T —— — — T 5 - o o o . e e o . S o T o T T T T T T T o . T o e e e A

City Dvr=-3 Dvr=1 Dvr=35 Dvr=10 Dvr=20
Atlanta -105.09 18.81 B7.57 160.53 271.98
Baston -42.70 8.15 39.49 2&5.01 141.01
Cincimmaty ' -5.B& 1.16 5.79 11.52 22.79
Mobile ~42.15 f.05 39.02 75.13 139.51
Miami ~18.461 3.64 17.97 35.33 68.28
Washington -109.462 19.54 20.469 1A5 71 279.13

e e e e e e e e e e e e ——— — i —— — — —— — ——— ——— ————— ———— T

Atlanta -130.1S 22.795 104.30 187.88 308.53
Bostaon -65.28 12.16 58.046 109.70 196.48
Cincinnati -26.97 5.23 25.465 50.05 25.33
Mobile -464.70 12.06 57.461 108.89 195.20
Miami ~-40.23 7.70 37.37 72.07 134 .26
Washington -134.87 23.47 107.30 192.48 314.65
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Table 5.2.5
Predicted Bids By Change In Visual Range
For Equation 5.2.1
(Single Equation Model)

Income=%25000

i e S s e e S . S " e e S g S S S —

City Dvr=-5 Dvr=1 Dvr=3 Dvr=10 Dvr=20
TAtlanta -187.06 11.69 118.83 224.22 339.85
- | Boston ~136.17 1.52 &7 .94 122.44 136.29

Cincinnati -111.03 -3.51 42.80 72.16 35.73
Mabile ~160.89 &.48 92.466 171.88 235.17
Miami -126.90 -0.34 58.467 103.88 99.18
Washington -196.42 13.57 126.19 242.94 377.29
Income=$40000
Atlanta -202.59 14.80 134.36 255.27 401.95
Boston ~-151.70 4.62 83.47 153.49 1968.39
’Cinéinnati -126.56 —0.41 58.33 103.21 27.83
,Mobile -176 .42 2.57 108.19 202.93 297.27
‘Miami ~142.42 2.77 74.19 . 134.93 161.28
Washingtan =ald J29 16.467 143.72 273.99 439.39

i
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Table 5.2.646
Predicted Bids By Change In Visual Range
For Equation 5.2.2
(Single Equation Model)

Income=$25000

City Dvr=-3 Dvr=1 Dvr=5 Dvr=10 Dvr=20
JAtlanta -85.59 110.85 202.41 272.353 265.03
‘Boston -165.57 30.87 122.43 192.55 185.05
Cincinnati -235.22 -38.78 52.78 122.%90 115.40
Mobile —-1346.54 52.90 151 .46 221.58 214 .08
Miami -209.62 -13.18 78.38 148.50 141.00
Washingtan -48.18 128.26 219.82 289.94 282.44

e e e e s S W S Ak Sk S e M e S B s S e S S i S e S e S e e e e e e e e B e e

e — e e e S o o S S S S S S i S e S e S S S S S S S o

- Atlanta -96.81 118.72 823,00 309.02 333.32
Bostan P —176.79 38.74 143.02 229.04 253.34
Cincinmati | -246.44 ~-30.92 73.37 159.39 183.69
Mobile —147.76 &7.77 172.05 258.07 282.37

* Miami . -220.84 -5.3% 98.97 184 .99 209.29
Washingtin -79.40 134,13 240.41 326.43 350.773

e e S S o o o o T e
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The predicted bids, even for the negative exponential form, shov as much or more
variability across the cities as is in the simple mean bids for each city. This
is surprising vhen the predicted bids are for an essentially ldentical household
in each city. This means that there is a great deal of unexplained difference
in bids across cities that is being pleked up by the city dummy variables (or by
LOCENDOW, which may also be serving as a city dummy). This raises questions
about applying the bid function estimated by Tolley et al. to cities or areas
that were not included in this survey.

The negative exponential form was also estimated with a constant term added to
the exponent to see if the socioeconomic coefficients were being dominated by
DVR. This form was othervise equivalent to the form estimated by Tolley et al.

and replicated in Table 5.2.1. The nev form was:
BID = a[l - exp (-g(DVR))]

vhere g = ¢ + blxl + .. bnxn
Thus, the coefficient ¢ shows the effect of DVR alone. The results of this
estimation are shown in Table 5.2.7. The coefficient for DVR is statiscically
significant, but most of the socioceconomic coefficients ére no longer or are
only marginally significant. This is additional evidence of the instability of

the predicted influence of the socioeconomic variables.

5.3 BID FUNCTION ANALYSIS — SUBSANPLES

The robustness of the value function in predicting willingness to pay for
changes in visibility can be analyzed further by estimating equations with
different subsamples. In particular, estimates and predictions are presented
(a) for each city and (b) vsing only the data from the first three bids.
Because the negative exponential is expensive to estimate, the analysis in this

section is confined to the form represented by equations 5.2.1 and 5.2.2.
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5.3.1 City Analysis

The first subsample test requires that separate equations be estimated for each
city. These equations (referred to as Six Bquation Hodel in the Tables)
constitute an unrestricted model that can be used to test the restricted model
(referred to as Single EBquation Model in the Tableg). The restricted model
includes city dummy variables. In the form given in equation 5.2.1, the
unrestricted model yields 96 coefficients to be estimated, while the restricted
version has 20. For the simple quadratic form given in equation 5.2.2, the
unrestricted model has 30 coefficients and the restricted model only 10. An
FP-test can be used to compare the reduction in the residval sum of squares
gained by relaxing the restrictions. The F-statistic for the first form is
5.11. The erirical value vith 96 degrees of freedom in the numerator and
infinity in the denominator is approximately 1.40. The F-statistic from the
simple quadratie form is 11.20, while the critical value with 20 degrees of
freedom in the numerator and infinity in the denominator is 1.88. The alpha
level is .0l in both cases. Both F-statistics indicate that the restrictions
implied by the single equation models are rejected. These restrictions are that
the "slopes" of the independent variables and the variances of the error terms

are constant aeross equations.

The Six Equation Models are presented in the appendix fa} the tvo functional
forms. In none of the estimations using equation 5.2.1 and in only one
(Cincinnati) using equation 5.2.2 are the intercept terms significantly
different than zero. This finding is empirical support for the analytical
assumptions used by Tolley et al., since the value function is expected to go
through the origin.

For estimations using equation 5.2.1, the coefficient for DVR is not
statistically significant for Cincinnati and Miami (recall that Cincinnati and
Miami had the highest percentages of zero bids), but the DVRZ term is always
negative and significant. The influence of DVR and DVR2 is significant with

expected sign in every estimation using equation 5.2.2.

Predicrions by city are presented for the first form in Tables 5.3.1. These can

be compared to the predictions from the single equation model presented in Table
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Atlanta
‘Boston
ICincinnati
Mobile
Miami
Washington

——————————— ——— —— — T — —— S T —— —— ———— - T S S — — —— — ———— — ———— e ——

e T T . S S S M o S Mt R B S S e S S e e e ot B

Atlanta
Boston
Cincinnati
IMobile
‘Miami
Washington

e e e e e e e e e e e e e e e e e e M S e e S S S S S S S S S o S S i . S S o

=170.67
~127.06

=51.43
-157.60
-218.40
-230.35

-183.72
-137.56

~-&63.43
-161.35
-223.05
-261.83

.

Table S5.3.1
Predicted Bids By Change In Visual Range

For Equation 5.2.1
(Six Equation Model)

Income=%$25000

Dvr=1 Dvr=
22.21 129.67
21.09 ?1.046
8.49 36.43
26.72 117.860
13.08 -346.460
39.35 174.35
Income=%40000
31.82 142.72
23.19 101.54
10.89 48.43
27.47 121.35
14.01 -31.95
45.65 205.85

5-23

194 .24
125.22
55.66
185.40
-393.00
254 .20

220.34
146.282
79.66
192.90
-383.70
317.20

224 .48
106.44
51.32
210.80
-1804.00
284 .40

276.68
148,46
99.32
225.80
-1787.40
410.40
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5.2.5. The two models generate similar predictions, except in the case of
Miami. When DVR = 20, the models diverge in their predictions, slightly owing
to the fact that the value function reaches its peak earlier when a separate
equation is estimated for each city. For example, the Miami equation peaks
before DVR = 5!

The predictions for the simple quadratic form are presented in Table 5.3.2.
These can be compared to the predictions presented in Table 5.2.6. The
differences between these predictions are less striking than for the previous

form.

There are two general conclusions that can be maae after comparing the six
equation model to the single equation model. First, the results of the F-test
indicate that some aggregation bias will result in the single equation model.
This bias does not seem to be severe for Atlanta, Boston, Cincionati, Mobile,
and Washington. The equations and predictions for Miami indicate that some

problem in the Miami data may be buried in the aggregate approach.

The second general eonclusion that ean be drawn at this peint concerns the range
of the predicted bids generated so far. Consider the case of DVR = 10 for each
city. In Atlanta our predictions (income = $25,000) range from $160 to $272. A
range of between $76 to $140 is found for Boston, while for Cincinnati the range
is §11 to $122. The results for Mobile yield $75 to $221. The Miami figures
are -$393 to $148, while Washington’s are $165 to $254. The ranges for
Cincinnati and Miami are probably unacceptable, and may reflect survey and/or

data problems for Cincinnati and Miami.

5.3.2 Type of Bid Analysis

The second subsample issue concerns using all the bid types together to estimate
a value function. Since the regional bids and national bids change the nature
of the good, we can hypothesize that they should not be used vith the local
improvement bids. Moreover, the regional and national bids represent an attempt
to measure option and existence values and as noted elsewhere, the design of

these questions is flawed.
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Table 5.3.2 : 1
Predicted Bids By Changes In Visual Range
For Equation 5.2.2
(Six Equation Model)

Income=$25000
) City Dvr=-5 Dvr=1 Dvr=5 Dvr=10 Dvr=20
Atlanta ~177.98 13.84 115.72 2t13.82 312.52
B Boston ~142.24 4 .80 77.62 140.29 171.14
' Cincinnati ~-6£3.87 -2.02 28.13 53.36 &2.246
;Mobile -1460.81 12.23 97.59 170.54 203.94
' Miami -101 .42 1.54 52.58 946.58 118.58
Washington -221 .48 13.83 131.23 233.43 289.33

| Income=%$40000
Atlanta -191.33 Q.47 117.37 e22.97 3346.467
"Boston -170.&6 ~-5.26 78.14 155.29 215.09
Cincinnati : —87.05 -10.08 30.14 &7.98 102.08
[Mobile F=176.41 6.33 98.49 179.4&9 2e? .59
g Miami -13B.02 -10.76& S&.48 420.73 183.23
Washington ~268.463 1.972 142.78 274 .23 388.63

—— i — — — S S S S S S S S S S T S S e e S AR R S S ————— T - ——

|
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To briefly address this issue, equation 5.2.1 was estimated using only the data
from the first three bids. The estimates are presented in Table 5.3.3, with
corresponding predictions presented in Table 5.3.4. The number of observations
is reduced to 1564 (60% of the original size). The R-square improves a bit and
the coefficients change slightly, when compared to the estimates presented in
Table 5.2.2. The predictions can be compared to those presented in Table 5.2.5.
The predictions from both models are very similar, indicating that including the
regional bids in the estimated function may not have a significant effect on

predicted values.

5.4 THE 1984 DATASET

The 1984 CV study used photos specific to each of three cities and used a
utility bill payment mechanism with some respondents. The write-up of this
portion by Tolley et al. (Section 2.5) is somewhat more complete than the
section describing the 1982 CV study, however, the comparison of the 1984
results to the 1982 results was too vague to substantiate the conclusion that

the results are consistent.

5.4.1 Distributions of the Bid Data

The distributions of the bids for the 1984 data are presented by city in Table
5.4.1 for the "non-utility" (no specific payment mechanism) data and in Table
5.4.2 for the utility data. The utility payment vehicle does drive the average
bids down, but as shown below, the influence of this effect is not significant
in a value function estimated for Atlanta. There does not seem to be a general
pattern for the percentage of zero bids. However, these figures are somewvhat
higher than those for 1982 in Atlanta, Boston, Hobile, and Washington. The
average bids in Atlanta are lower for the 1984 dataset. Several changes wvere
made in addition to using photos for Atlanta, including use of photos showing
different levels of visuval range (5, 9, and 20 as opposed to 4, 13, and 30 shown
in 1982) and starting at a typical visuval range of 12 miles rather than 10. It
is uncertain hov all these changes would be expected to influence the bids, but

the size of the difference in the mean bids is unexpected and not reassuring.
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Table S5.32.3
ANALYSIS OF VARIANCE
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Table S.3.4 1
Predicted Bids By Change In Visual Range
For Equation S5.2.1
{Data For Local Bids Only}

Income=$25000

City Dvr=-3 Dvr=1 Dvr=5 Dwr=10 Dwr=20
tAtlanta -180.15 10.435 112,63 211.80 315.460
Bostan -140.45 2.75 73.15 132.80 157.40
Cincinnati ; -11%9.35 -1.91 S1.85 F0.20 72.40
Maobile I -1460.45 &.75 93.15 172.80 237.60
Miami -134.15 1.45 &b .45 119.80 131.40
Washington -1B84 .40 11.50 1146.90 220.30 332.4&0



Table 5.4.1
Summary Statistics--1984 Nanutility Bids by City

Atlanta
Type Mean St. Dev. Min 25% S0% 75% Max %0
Bidli -8&.82 117.54 -516&6 —-136 -24 0 o] 32
Bid2 ?6.28 114,34 o] (0] 34 156 3946 b
Bid3 143.82 176.65 0 & 72 216 636 24
Bid4 153.953 172.20 0 12 {0 228 &34 21
BidS 181.73 206.62 0 12 134 veks ] B76 21

Denver
Type Mean St. Dev. Min 29% SO0% 73% Max %0
Bidl -120.77 0. 44 -300 —-180 -120 ~-60 0 19
Bida 127.50 110.39 0O 24 102 240 340 aa
Bid3 142.38 133.52 0 24 1468 276 420 22
Bid4 183.75 146.73 (o] &0 180 300 480 19
BidS 205.88 172.32 o] 60 210 345 600 19

Chicago
Type Mean St. Dewv. Min 25% SO% 75% Max %0
Bidl -116.57 117.46 ~480 ~210 -94 0 0o 38
Bid2 124&.28 118.47 0 o 156 220 360 38
Bid3 152.00 1591.33 0 0 156 240 480 38
Bid4 137.71 126.12 0 0 156 240 360 38
BidS 165.60 205.85 0 [¢) 156 237 840 40

o T . M S o S o . o T T o o e B i e . . o e e o . i i i e . e e e e b e . | o o e o o o o i,
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Table S.4.28
Summary Statistics--1984 Utility Bids by City

Atlanta
Type Mean St. Dewv. Min 25% pala 4 73% Max %0
Bidl —SE;E# 72.72 -274 =102 -34 ] O 28
Bid2 &HB . A4 75.54 0 & 3A 114 274 24
Bid3 4 .54 102.43 o] A aQ 168 ava 24
Bid4 105.12 105.32 O & 72 180 394 24
Bid5 128.14 135.93 0 & 72 178 514 24

Denver
Type Mean 5t. Dewv. Min 23% S0% 73% Maw %o
Bidl -B2.45 88.71 =300 =134 =&0 O O a2
Bid2 102.1% Qb . T O 0 b 154 300 29
Bid3 145.48 151.24% 0 (4] 120 180 S1é4 24
Bida 134.00 141.51 O 24 154 240 540 23
BidS 170.71 1546.82 0 24 154 240 S40 23

Chicago
Type Mean 5t. Dewv Min 25% SOU TSU Max “wo
Bidl —-112.75 139.08 -480 -180 -&0 O (e 33
Bid2 115.25 135.43 (4] O &0 174 480 29
Bid3 13&.44 141.59 &0 240 5440 ao
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5.4.2 Value Functions for Atlanta

Data are available for Atlanta in both the 1984 and 1982 datasets. A comparison
between just the Atlanta equations can potentially address the issue of the
effects of the different picture sets. Several equations are presented for the
1984 Atlanta value function. 1In Table 5.4.3, the form represented by equation
5.2.1 is'presented. These results can be compared to those presented in
Appendix Table A.l, with the exception of a coefficient for RURAL. The results
for the form represented by equation 5.2.2 are presented in Table 5.4.4, vhich
are comparable to those presented in Appendix Table A.7. The negative
exponential for the 1984 data is given in Table 5.4.5. Since the negative
exponential form was not employed in Section 5.3, the 1982 Atlanta data vere
used to estimate this form. The 1982 results are presented in Table 5.4.6. The
predicted bids for the three forms are presented in Table 5.4.8 for both of the
datasets. To generate the predictions, the following values were used for the
independent variables: EAST = WEST = EXVIEW = BADEYES = PROP = FEMHOH = ﬁURAL =
NONWHITE = O, INCOME = $25,000, HSLDSIZ = 3, HOHED = 12, HOHAGE = 40, ACTCINDX =
12, and OWN = 1. Initially, only the '"non-utility" data were used to estimate
the equations for 1984. The units for measuring income in 1984 are dollars, not
thousands of dollars like in 1982. Therefore, when comparing the coefficients

for the income terms, the 1984 measures appear smaller.

The 1984 equations with just the non-utility data are very poor representations.
In the negative exponential, none of the coefficients are significant. The
predictions presented in Table 5.4.8 are negative for positive changes in DVR.
Clearly, there are some problems fitting these data. A better egquation was
obtained by combining the utility bill payment data with the non-utility data
and adding in a dummy variable for the payment vehicle (called utility). This
representation is presented in Table 5.4.7 for the negative exponential form.
The. predictions are presented at the bottom of Table 5.4.8, Even the function
presented in Table 5.4.7 has some strange results. For example, the income term

is seen to influence the bid negatively.

The influence of the payment vehicle is insignificant. This finding held true

for other forms and combinations of data tried but not reported here.
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Table S.4.8
Predicted Bids By Changes In Visual Range
For Three Functianal Forms Using The Atlanta
Single Equation Models

15982
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Unfortunately, the findings in this section are not very conducive for analyzing
the role of the picture sets. The predictions from the 1984 data are lower (and
these are nominal terms), but the single city model does not perform very well.
Overall, ve have yet to make any reasonable analysis of this issue except to say
that ve do not agree with the authors’ conclusion that the 1984 results support
the validity of the 1982 results.

5.5 VALUE FUNCTIONAL FORM ANALYSIS

The purpose in this section is to present the results from éstimating two
additional functional forms. These results can be used to compare the Tolley et
al. data with results of other CVH studles. These forms are related to the
utility funetion discussion presented in Section 4 and are a variation on the

second form in Table 4.1. They have been simplified to allow OLS estimation.

Specifically, estimated equations and the corresponding predictions for the bids
are presented for the following forms:

2

2
BID = b, DVR + b,[VR,” - VR;“] + izgix * DVR 5.5.1

i

and

BID = by In (VR,/VR)) + Eg.X, * In (VR,/VR,) 552

1

UHI and URI represent the initial and ending visual range given in the CV
guestion. When DVR = -5, Vﬂl = 10 and VRE = 5, and so ferth. The Ii‘s are the
sociceconomic independent wariables.

The underlying visibility value functions from which these bid funetions are

derived are ag fnllovs.

——
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For 5.5.1 the value function is

2

Value = b1 VR + b, VR” + fgixi * VR 5.5.3
Por 5.5.2 the value function is
Value = In (VR) * [b; + IgX,] 5.5.4
i

Vith a positive value for b1 in equation 5.3.3, the value function can have a

positive or negative second derivative vith respect to VR depending on the sign
of b, and the level of VR. Equation 5.5.4 is somewhat more restrictive in that
a negative second derivative occurs for all VR. This equation implies that the

bid will be constant for the same percentage change in VR.

The estimated equations are presented in Tables 5.5.1 and 5.5.2. Corresponding

predicted bids for the city of Atlanta are presented in Table 5.5.3.
In the regression output tables, the followving nev variables are used:

DVIS2

=

LVR 1n (VR,/VR,)

Both equations shov statistically significant coefficients for the VR terms, and
seem to fit the data better than the negative exponential and the quadratic
forms reported in subsection 5.2. The predicted values for form 5.5.2 are very
similar to those for the negative exponential form. The predicted values for
form 5.5.1 are considerably higher for some visibility changes, although the

results are within a factor of two or less.

These results still show the variability that can result in predicted values
vhen different functional forms are used, but also show that bid function forms

derived from specific value functions are preferable.
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Table 5.5.2

Estimates of Equation 5.5.2
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Table 5.5.3
Predicted Bids Far Atlanta By Functional
And Change In Visual Range

Functional Form Dvr=-5 Dvr=1 Dvr=5 Dvr=10 Dvr=20
Form 5.5.1 . -199.465 346.15 168.15 304 .80 483.60
Form S.5.2 -173.40 23.80 101 .54 173.460 275.21
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6.0 CONPARISON TO RESULTS OF OTHER VISIBILITY VALUE STUDIES

Four studies previous to Tolley et al. have estimated values for changes in
visibility in urban residential areas using contingent valuation (CV) surveys
(Brookshire et al., 1979; Loehman et al., 1981; Rae et al., 1983; and Rowe et
al. 1980). Twvo of these studies also obtained estimates of values for changes
in air quality using property value data (Brookshire et al., 1979; and Loehman
et al., 1981). A third property value study has also been conducted that
specifically used measures of visibility (Trijonis et al., 1984). The results

of these studies provide another perspective on the Tolley et al. results.

In this section the average visibllity values estimated in each of these
studies are compared, and the Tolley et al. results are found to be quite
consistent with previous results. The results of property value studies are
not strictly comparable to the CV results, but they provide a sense of the

"reasonableness" of the results of the CV visibility studies.

6.1 COMPARTSON OF CV¥ STUDEES

All of the CV studies have used personal intervievs in wvhich subjects wvere
shoun photographs of different levels of visibility and wvere asked to estimate
how much they would be willing to pay each month to have one level rather than
another. In some cases subjects were asked to give separate values for
concerns related to health effects of air pollution versus the visual
aesthetic effects. In other cases subjects were asked to consider only the
visual aesthetic effects of air pollution. Most of the studies asked about
tvo or more different changes in visuval range. In most cases the subjects
vere told that the payment would be in the form of different monthly utility
bills. In one study (Rae et al.) contingent ranking was used. This involves
asking suvbjects to rank in order of preference a list of possible combinations
of payments and air quality levels. Villingness to pay estimates are then

derived by the analyst from the ordering given.

For this comparison, we hypothesized the following model of the effect of

visual aesthetics (as measured by visual range) on utility.
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U= a¥ + (BVR + eVRZ) * £(x) 6.1
where

U= utility

Y = income

. VR = visual range

£(x)

some function of the vector of variables x related

to the consuaption or enjoyment of visual range

Utility is expected to be increasing in income and visual range, but depending
on the sign and magnitude of the parameter ¢ the second derivative of utility
wvith respect to visual range may be positive or negative. Equation 6.1
implies the following c¢ompensating surplus -function.

2 _ wR1%Y)E(x) 6.2

CS = [(b/a)(VR2 ~ VR1) + (c/2)(VR2Z
This suggests that the bids from the surveys can be expected to be a function
of the change in visual range considered and of the base level (VR1) and new

level (VR2) of visual range hypothesized.

The average annual household value estimates from each of the studies for each
hypothesized change in visual range vere compiled to estimate equation 6.2.
The function f(x) was presumed to be held constant across the different
studies (implying that each sample is similar on average). The variables used

in this analysis are defined in Table 6-1 and the entire data set used is

given in Table 6-2.1

Four dummy variables were defined for study characteristics that might

influence the value estimates. These are RANK, DIST, PRETEST, and WEST and

are defined in Table 6-1.

Table 6-3 shows the OLS estimates of equation 6-2. Both DVR and DIFSQ are
significant. The negative coefficient for DIFSQ combined with the positive

coefficient for DVR indicates that over the range of visibility considered in




Table 6-1

Variables Used in Analysis of Results From CVH Studies

Variable Description Hean
CITY Citlies vhere the means vere estimated--entered
separately if more than one city covered in one
study. Value codes as follows (date of survey):
1 = Chicago - Tolley et al. (1981)
2 = Atlanta - Tolley er al. (1982)
3 = Boston - Tolley et al. (1982)
4 = Cincinnati - Tolley et al. (1982)
5 = Miami - Tolley et al. (1982)
6 = Hobile - Tolley et al. (1982)
7 = Vashington DC - Tolley et al. (1982)
8 = Los Angeles - Brookshire et al. (1978)
9 = San Francisco - Loehman et al. (1980)
10 = Cincinnati - Rae et al. (1982)
11 = Farmington, New Hexico - Rowe et al. (1977)
BID Annual willingness to pay per household in 1984 100.47
dollars. Mid points of ranges were used for Rae
study. Format C2 (payment card with private and
public goods) was used for Tolley et al. pretest.
VR1 Visual range in miles that vas the presumed 14.98
starting point for the hypothesized change
VR2 Visual range in miles that vas the hypothesized nev 19.48
level
DVR Change in visual range hypothesized (VR2 - VR1) 4,50
PERMILE BID/DVR 29.64
DIFSQ [(VR2)? - (vR1)?) TR
PERCENT DVR/VR .82
LOGRAT LOG(VR2/VR1) .34
RANK 1 = contingent ranking method was used. .17
DIST 1 = visval range was presented as a distribution of 17
several levels, not a single average value.
PRETEST 1 = study vas a pretest for a larger effort. .19
WEST 1 = study conducted in the Western U.S. .19
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Table 6-2

DATA USED IN ANALYSIS OF RESULTS FROM CV STUDIES

FERMILE

4. EQQ
41, Q0D
24,762
42, 40
0. 390
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31, 400
1%5. 020
9. 250
12, 420
6, 200
3. 450
21,400
9. 502
5. 600
33. 600
18, 120
10, 650
50. 200
25. 72
16, 35@
9. 420
8. 23w
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67,394
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24, 896
63.75Q
5. 402
96, 667
T4, Q0@
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2.68Q
3. 880
2.880
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30,0
80&. @
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Table 6-1
Regression Estimates of Bquation 6.2 for All CV Studies
vith Dummy Variables for Differences in Studies

Variable Coefficient t—gstatistic
DVE 19.74 5.62
DIFSQ -.17 -31.11
RLANK 258.15 3.28
DIST -91.41 -1.14
PRETEST -5.23 -.10
WEST -6.39 -.0%9

N, = 36

RZ = .77

F = 16.33
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these studies, the value increases with bigger changes in visual range, but at
a decreasing rate. This is consistent with the Tolley et al. findings. The
RANK coefficient indicates significantly higher values when contingent ranking
vas used. This conclusion should be considered preliminary since only one
study in the group used contingent ranking. The DIST coefficient indicates
values are somewhat, but not statistically significantly, lower when
visibility conditions are depicted as a distribution rather than a single
average.- It should be noted that the change in visual range has tended to be
smaller vhen a distriButiOn vas used which could have resulted in the negative

coefficient. PRETEST and WEST were not significant.

To test the sensitivity of these results to the Tolley et al. estimates, the
equation was estimated without the Tolley et al. estimates. With the smaller
sample size and the change in the group of studies, the dummy variables were
not expected to be stable and were therefore left out. The results are shown
in Table 6-4. To allovw a consistent comparison, the equation was estimated
with all studies without the dummy variables. The coefficients were slightly
larger, but very similar. Estimated without the Tolley results the coeffients
are practically identical. This is strong support that the Tolley et al.
results are generally consistent with those of the other CV studies that have

been conducted. s

A third estimate of the equation was made excluding the Rae et al. estimates
and is also shown in Table 6-4. Questions have been raised about the Rae et
al. results due to difficulties in the interpretation of the contingent
ranking responses and due to the relatively high values obtained. Without the
Rae et al. results the coefficients are very similar to those shown in Table

6-3 when the dummy variables were included.

Table 6-5 shows some predicted values for changes in visual range based on the
estimates of equation 6.2. At a base visual range of 10 miles, the values for
a 1 mile increase in average annual visual range are $16-18. As the increases
in visuval range get larger, the values per mile decline to about $13-15 for a
change of 20 miles. At a higher base level of visual range (15 miles is given
as an example) the per mile values are somewvhat smaller for each change in

visual range. Values for preventing a 1 mile decrease in average visual range

PR |
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Table 6-4

Regression Estimates of Equation 6.2 for Different Groups of CV Studies

All Studies

Yariable Coefficient t—ztatistie
DuR 22.31 &.75
DIFSQ -.149 =&.20
H, = 18
R: = 64
F = 29.9

All Studies Except Tolley et al.
Variable Coefficient t—staristic
DVER 22.37 3.20
DIFEQ -.19 =2.42
I:'-I'E = 15
B™ = .50
F = 6.48

All S5tudies Except Rae

Variable CoefEicient t—statistic
DVR 20. 34 £.67
DIFSO -.17 .23
M, = 28
R - .70
P = 29.87
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Table 6-5
Predicted Values from EBquation 6.2 for Changes in
Vigual Range*

Base Level
Visual Visual Range Change (Miles)
Range (Miles) -5 -1 1 5 10 20
1. All Studies (with dummies) 10 -111 -17 16 78 147 261
15 -120 -15 14 69 130 224
2. All Studies 10 -126 -19 18 88 165 1292
3. All Studies Except Tolley
et al. 10 -126 -19 18 88 167 297
4. All Studies Except Rae
et al. 10 -114 -17 17 80 152 269

o i o o o 2 s o o A Al o o A i e e . e e e o o o e e . Y R A i o . o i . . . o o e . o o .t

* Assuming 0 value for RANK DIST PRETEST and WEST
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are somewvhat higher than for obtaining an increase. Values for preventing a 5
mile decrease indicate a higher per mile value for preventing additional
decreases in visual range. This last result should be tempered by the finding
in the Rowe et al. study that per mile values are lowver for preventing larger

decreases in visual range.

The results reported in Table 6-3 can be used to estimate values for changes
in visual range that could be expected to result from alternative pollution
control policies. These estimates would reflect the average estimates
obtained to date in CV studies concerning values to residents of visibility in
urban areas. If used for such estimates, hovever, the range of the data
should be kept in mind. For example, the smallest change in average visual
range considering in any of the studies was about 1 mile, vhile the average
change was about 5 miles and most of the changes were 20 miles or less. The
equation would therefore be less reliable for predicting values for changes in
average visual range of less than 1 mile or greater than 20 miles. The base
level of visual range is also important. The average in these studies wvas
about 15 miles, with most of them falling between 7 and 19 miles. The
equation would be less reliable for areas where the current average visual

range is less than 7 or more than 19 miles.
Two other forms for the bid function were also estimated that give some sense
of the sensitivity of the results to different forms. The first was a simple
linear function:

BID = aDVR 6.3
Equation 6.3 is consistent with a value function of

Value = aVR + £(X)

and a utility function of

U = aVR + bY + cf(X,Y)

6-9
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The results of this estimation with and without Tolley et al. are shown in
Table 6-6. In both cases the coefficients are statistically significant.
Vith all studies, the coefficient implies an average bid of $10 per mile.
Without Tolley et al. the average bid {s $6.5 per mile. These are lower than
the per-mile values at visual range levels of 10 and 15 shown in Table 6-5.

The second form that was estimated implies that the bid is constant for a
given percentage change in visual range. The percentage change in visual
range may be a good way to characterize a person’s perception because it takes
into account the starting point and the size of the change. The estimated
fupction vas

BID = a In (VRy/VR) + b,RANK + b,DIST + b,PRETEST + bivesT 6. 4

2

This bid function is consistent with a visibility value function of
Value = alnVR + cf(X)

The estimated results for equation 6.4 are shown in Table 6-7. The
coefficlent for the VR term is statistically significant and the fit seems to
be as good or better that with equation 6.2. i
Predicted values for estimated equation 6.4 are shown in Table 6-8. These are
very similar to the predicted values reported in Table 6-5, although the
decrease in average per mile value is somewhat greater as the change in visval

range increases.

6.2 PROPERTY VALUE STUDIES

Several property value studies have been conducted that estimate values for
different levels of air quality based on differences in residential property
values across areas vith different levels of air quality. (These have been
reviewed by Rowe and Chestnut, 1982; and Freeman, 1979.) In general, these
studies have found a significant relationship between property values and air

quality vhen other factors affecting property values are held constant. This
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Table 6-6
Estimation Results for Simple Linear Bid Punction

Variable Coefficlent t-gtatistic

All Studies

CHANGE 10.02 5.16
N, = 36
RS - .45
F - 28.70

All Studies Except Tolley et al.

CHANGE 6.46 2.29
N, = 15
RZ = .27
F = 5.22
\q
1\\3
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Table 6-7
Estimation Results for EBquation 6.4 with All Studies

Variable Coefficient t-atatistic
LOGRAT 195.10 7.77
RANK 253.59 3.50
DIST -94.96 -1.34
PRETEST 21.88 Ny
WEST -5.33 =11

N, = 36

RY = .78

F = 21.42
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Table 6-8
Predicted Values from Equation 6.4

Base Visual Change in Visual Range (Miles)
Range (Miles) -5 -1 1 5 10 20

Value

(1984 §)

10 -135 -20 19 79 135 214

e e . e e e B e e e e S L o T e e
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provides evidence that people not only say they prefer to live in areas with

less air pollution, these preferences are reflected in actual market behavior.

One diffieculty in comparing the results of property value studies to the CV
studles for visibility is that typically air quality is measured by levels of
anbient pollutants in the property value studies. Although ambient pollutants
are related to visval range, the relationship is complex and confounded by
correlations among the levels of different pollutants in the area. Although
people can be expected to be judging air quality based on what they see, it is
difficult to say that a change in visual range is worth §X vhen the estlmates

have been made in terms of ozone or particulates.

Another difficulty is that estimates from property value studies can be
expected to reflect concerns about health effects as well as visual aestheties
and due to the correlation between the tvo it is difficult to identify
separate values for these concerns. Two CV studies have asked about both and
found that 34X (Brookshire et al.) and 507 (Loehman et al.) of the total
values for changes in air quality wvere for visual aesthetics. For this

comparison of CV results to property value results an average of 42X is used.

Two property value studies provide some direct comparisons to changes in
visual range and a third provides some indirect information. Trijonis et al.
used light extinction (a measure directly related to visual range) as the
pollution measure in property value studies in Los Angeles and San Francisco.
Some illustrative results are reported in Table 6-9. Using the 42% adjustment
on the assumption that the estimated values will reflect concern about health
effects as well as aesthetics, the findings imply household values per mile
change in average annual visual range of $38 to $96, with the authors placing
the greatest confidence in the $38 to $47 range. The average per mile values
found by Tolley et al. ranged from S3 to $65, with the majority falling
betveen $10 and $50.

Brookshire et al. found estimates of household values for a 30X change in air
quality of about $550 (see Table 6-9). The author suggest that the scenarios
used in the CV portion of their study also reflect a 30% change in air

quality. Based on this and the 42X estimate for the aesthetics portion, their
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Table 6-9
Values for Changes in Visibility from Property Value Studies

Study (Year §)

Change in
Alr Quality

Reported Annual
Household Value
Rstimates

Estimate of Implied
VTP per Mile (1984 $)2

Brookshire et al.b

(1978 §)

Loehman et al.®
(1980 §)

Trijonis et al.
(1978-79 §)

Los Angelesd
(MHean VR = 6.5)

San Francisco
(Hean VR = 17)

30%
Improvement
in Alrx
Quality

30%
Improvement
in Air
Quality

10%
Improvement
from Mean VR

10% .
Improvement
from Hean VR

$528 to $588

$ 82

$ 57 to $153

S115 to §$128

$ 27 to § 30

$ 38 to § 96

S 43 to § 47

Assumes that 42X of total value is for visibility aesthetics, based on

findings of Brookshire et al. (34%) and Loehman et al. (50%).

Calculation of WIP per mile assumes that a 30% change in air quality is

related to a 13-mile change in visual range, since this is the average
change in visual range presented in the CV survey, vhich the authors report

is roughly comparable to a 30% change in air quality.

The authors did not report any comparability betwveen the change in visual

range in the CV survey and the 30% change in air quality. A per mile value
vas therefore not calculated.

Subsequent analysis suggests that more confidence should be placed in the

low range of these results (557 to 62 for the reported estimates).
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property value results imply values per mile of about $27 to $30. These
should be treated as very rough estimates, but they give an idea of the order
of magnitude involved. Loehman et al. found an estimate of value for a 30%
change in visual range an order of magnitude smaller for San Framcisco. It is
not possible to related this estimate directly to the CV scenarios used in
that study.

This comparison of results of property value studies to CV studies suggests
that the CV results are "reasonable" in that they are generally on the same

order of magnictude.
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Each of the positive values Is an estimate of the maximum willingness to
pay to aobtain an improvement im visuval range. Each of the negative values
is an eatimate of the maximum wvillingness to pay to prevent a deterioration
in visual range. The former iz a CS measure vhile the latter is an ES
measure. One of (Vo possible assumptions must be made to group these C5
and E5 éscimates together. The ES5 functionm that can be derived from
equation 6.1 suggests that cthe ES estimates could be grouped vith the CS
estimates by entering them as positive values and subtracting the smaller
VR from the larger VE.

ES = [(b/a)(Vl - V2) + erayvi? - Uiz}]f{u}

Although this is consistent with the simple utility function given in 6.1,
it implies rhat the direccion of the change does not affect the value. For
example, it implies that the value for a change In visual range from 10
milas to 5 wvould be the same as a value for a change from 5 miles te 10.
Subjects may, hovever, respond differently to porential gains than te
potential losses. This makes sense intuitively and has been supported by
empirical evidence (Loehman et al., 1981; and Tversky and Kahneman, 1981).

The second potential assumption is to treat the ES responses as if they are
CS responses. This means entering them as negative values and rreating the
changes in visual range as negative changes. Vhat thisg implies is that rhe
guestion asked was really, "Hov much wvould ywou have to be compensated in
order to accept this decrease in wvisual range?" Srudies that have asked
this type of CS question have found that the values are larger than the E3
values for a similar decrease in visibility, but the high percentage of
protest responses has raised questions about the usefulness of the C§
estimates. This remains an unresolved methodologicial question.

For this analysis ve chose the second assumption and the ES responses vere
entered as negative values. This can ba expected to result in a flactter
function than vould be obtained if C5 estimates for decreases in visual
range were available, but {t allowvs for differences betveen values to
prevent decreases and values to obtain improvements.
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