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1. INTRODUCTION

The benefits of visibility improvement (or the damages with additional
degradation) refer to increases (or decreases) in utility obtained in three different
dimensions. The first of these is associated with the nature of the visibility
change. Visual range may be improved sothat features of an area become more
distinct or the sky becomes clearer. Alternatively, normal features of an area
may be marred, say by the site of a power plant or its plume (called plume
blight). The second dimension is the location of the change: in an urban area,
in a rural setting, or in a recreational area or area of particular beauty, such as
the Grand Canvon. The third dimension is the type of value: use or non-use.
Thus, a person who visits the Grand Canyon (or may visit it in the future) may
hold use values for improving his view of the Canyon or its surroundings and
may also old non-use values for improved visibility (whether for altruistic or
other reasons) irrespective of present or planned visits. In all, therefore, there
are 12 possible combinations of the elements in these three dimension, each of
which is logically distinct from the others and which demands attention in the
literature to derive willingness to pay (WTP).

Indeed, some of the literature suggests that an eastern-western U.S.
dimension is also relevant (Oates and Cropper 1990). We see this dimension as
mainly a proxy for visual range, with western visibility baselines so much
greater than those in the east. To the extent that baseline visibility affects WTP
for marginal changes in visibility, and there is every indication that it does, then
this dimension is also needed, making for 24 possible combinations.

Unlike the other papers of Part IV, this paper contains a short review of
the science of visibility measurement and the relationship between visibility and
pollution. This is followed by a review of the literature on visibility valuation.

Based largely on a paper by Alan Krupnick and Diane DeWitt.
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2. APPROACHES TO MEASURING VISIBILITY CHANGE

Both S2 and N2 emissions from power plants are associated with
changes in visual range through their transformation products - sulfates and
nitrates. N2 also has a direct effect through absorbing light and giving the
atmosphere a reddish-brown tint. Other pollutants, such as large particulates and
even water vapor, are associated with plume blight from power plants.

Visibility monitoring is not an exact science because indexes used for
characterizing visibility rely on various assumptions and visibility is not a well
defined parameter. Three distinct
indexes are used to monitor visibility:
aerosol indexes, optical indexes, and
scene indexes. Broadly speaking, Three distinct indexes are
aerosol indexes involve the chemical used to monitor visibility:
and physical makeup of the particles aerosol indexes, optical
in the atmosphere (i.e., the particle indexes, and scene indexes.
composition, size distributions, and
mass concentration); optical indexes
describe the function of light in the
atmosphere (i.e., scattering coefficient, absorption coefficient, extinction
coefficient); and scenic indexes characterize the scene viewed by the observer
(i.e., observed visual range, contrast, color, detail).

There is a relationship between visual range and the light extinction
coefficient, by which scenarios in studies using one type of index can be
expressed in terms of those using the other index. This relationship is given by
the Koshmeider equation:

Visual Range = 23.6/Light Extinction Coefficient

It should be noted that the
Koschmeider coefficient (the The range of accepted
aforementioned 23.6) varies threshold contrasts implies
depending on the threshold contrast that visual range changes of
used, where this term is the less than 5% will not be
difference between the brightness of
the sky and the brightness of the perceptible..
object, reduced to the degree to
where the observer can just see the
object. The accepted range of threshold contrast lies between 210%. The
constant above is computed for a threshold contrast of 5%.
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The range of, accepted threshold contrasts implies that visual range
changes of less than 5% will not be perceptible, while some people will not
notice changes in visual range below 15%. As the WTP for unperceptible
changes is likely to be zero [although someresearchers, such as Chestnut and
Rowe 1985), seem to disagree], the policy significance of this choice is great.

3. REVIEW OF THE LITERATURE

Several studies have summarized the visibility valuation literature.
Freeman 1979) has a good summary of the early literature. Chestnut and Rowe
(1988) summarize and contrast four visibility studies that also valued health
benefits from reduced particulates, finding that for three of the studies the
former were on average 15% of the latter, where health benefits include
mortality effects. Most recently, the National Acid Precipitation Assessment
Program (NAPAP) [section by Rowe] summarizes the visibility literature.

From these reviews, there is
agreement that the contingent ... Contingent iidwzd6n. Prl
valuation (CV) approach is the most approdck�::� �::Is the� .�...:.mdss:::
promising for eliciting WTP. But romisine�� r British W...TP
two major problems need to be P
resolved. One of the most difficult
problems with application of the CV
method to visibility is in the ability of researchers to present changes in visibility
conditions to the respondents in a realistic way. Most of the CV studies
examined rely on photographs to illustrate the effect changes in visibility have
on the scene being observed. If visual range is measured when color
photographs are taken, one can establish a data base that shows the difference
between the measured values and the appearance of the scene. However,
gathering these data can be expensive.

Most importantly, it is difficult to link the concentration of pollutant with
the impact that is being valued. The most recent innovation has been to rely on
the use of image processing techniques in conjunction with optical indices to
simulate the effect being valued. Using atmospheric optical models, a computer
can add a determined level of apparent haze to a photograph that was taken on
a clear day. Therefore, in the future, visibility studies may use image processing
on the photographs; they may then have more validity than the studies that rely
exclusively on subjective monitoring.

A major innovation in CV survey techniques may be seen in the Decision
Focus study. Here, rather than provide respondents with scenarios asserting
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annual average changes in visual
range, respondents were asked to CV

respond to scenarios where visibility
survey .. respondents were�::�:�

would change only during specified
seasons of the year and only for a asked to respond to scenarios.

where visibility wouldlimited number of days. Such
scenarios were consistent with change only during specified
projected changes in visibility as part seasons of the year and only
of an action to reduce S2 emissions for a limited number of days.
at a power plant in the southwest.
Compared to responses that provide
scenarios in which visibility changes are not distinguished by time of year and
frequency, WTP estimates were much smaller (although one should not put too
much stock in these empirical results, as the Decision Focus study was only a pilot
study involving 200 people).

Another major issue with contingent valuation studies (or any other
approach) is jointriess - the possibility that respondents are using visibility as a
proxy or as an indicator for a complex of effects, including health effects,
damages to plants and animals, and in the case of the southwest, damage to rock
formations. This phenomenon would lead to overestimating benefits associated
with emissions reductions if health and other non-visibility damage estimates were
added to the damage estimates from visibility studies. According to Oates and
Cropper (I 990), the best way to disentangle WTP is to ask respondents what they
assume the health effects to be and to control for these effects, say by valuing
them and subtracting them from total WTP. Simply asking people to ignore the
health component and give a value only for visibility improvements is seen as less
satisfactory.

A third issue, which applies to all of the valuation literature but which is
particularly apparent in the visibility literature is the "embedding" problem, for
example, where WTP is sensitive to
whether a good is valued by itself or
as part of other goods. Debates are
ongoing on guidelines for addressing ... the "embedding"
this problem. A reasonable resolution Problen" WTP is sensitive to
is to develop CV scenarios that reflect whether a good is valued by
the actual choice situation created by If or as Part of otheritse
the policy or activity, and elicit values
for this bundle. One manifestation of
this problem is estimating WTP for
improvements in visibility at one site
and'simply adding it to such estimates for other sites. One might expect that the
WTP for improvements over many sites should be less than the sum of WTP over
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each site. Without accounting for embedding, WTP may be overestimated.
Findings drawn from Schulze et al. 1983) and Tolley et al. 1986) show that
when asked to value visibility improvements in the Grand Canyon alone, WTP
was 95 per year per person, when this improvement was joined with
improvements in visibility in Chicago and on the east coast, the WTP for Grand
Canyon improvements fell to 22.

The recent very detailed literature review of visibility benefits studies in
NAPAP is the best place to start the literature review, although the studies
identified are only those that are applicable to changes in visibility associated with
acid rain control. Included in the studies are those for the eastern U.S. and
selected urban areas of California. Table I shows a summary of all the urban
visibility studies NAPAP reviewed. Below we will briefly summarize the
problems and issues NAPAP addressed with each study it critiqued.

The Six Cities study undertaken by Tolley et al. 1986) for the
Environmental Protection Agency (EPA) estimated values for changes in visibility
in the eastern U.S. Tolley et al. are the only researchers to date that have
attempted to measure visibility values for multiple cities in the eastern U.S. Most
completed CV visibility studies have been for western recreational areas.

NAPAP found several major problems with the study that add to the
uncertainty in the results. The three most prominent problems included the use
of one starting point ($13) in the CV survey, the problem with linking visibility
changes with perceived health effects, and the absence of a parallel between the
photographs chosen and the WTP questions.

Tolley et al. argue that changing the starting bid does not change the
responses, but this finding runs counter to results of other CV studies (i.e.,
Mitchell and Carson 1989). Additionally, although the respondents were told that
the questions concerned aesthetic effects of pollutants, NAPAP concluded that
many previous reviewers were not convinced that relying on this method ensured
that the responses only included aesthetic valuations. Finally, the photographs
used in the survey did not parallel the questions asked. For example, the
photographs showing local visual range were all taken in Chicago. However, the
respondents from cities outside Chicago are obviously not as familiar with the
scenes. In addition, the changes in visual range the respondents were told to
consider did not match the photographs. In different cities the photos showed
higher or lower visual range levels than what was to be hypothesized in the WTP
questions. For these reasons the Tolley et al. 1986) effort for EPA is seriously
flawed. Nevertheless, we are limited in comparing the Tolley results with other
visibility studies for eastern U.S. cities, since Tolley has been nearly the only
researcher to work in this geographic region. (EPA is currently funding a new
eastern visibility benefits study.)



Table 1. Summary of NAPAP urban contingent valuation visibility value results
IQ

Study City Total Mean Mean Annual Starting Change in C!N

Annual WTP/Person/ Average Average
WTP/Person VR Mile Visual Range VR) Visual Range (VR)

(1990s) (1990s) (miles) (miles)

Tolley Chica-o $124 $24.89 9.0 -5.0
et al. (n=22 1) 120 13.32 9.0 9.0
(1986) 149 7.09 9.0 21.0

Atlanta 101 20.23 12.0 -5.0
(n=90) 97 9.69 12.0 10.0

145 7.25 12.0 20.0
Boston 75 14.96 18.0 -5.0
(n= 1 14) 72 7.18 18.0 10.0

89 4.43 18.0 20.0
Mobile 8 1 16.11 10.0 -5.0
(n=90) 87 8.70 10.0 10.0

102 5.10 10.0 20.0
Washington, DC 120 15.0 -5.0

(n=86) 123 12.33 15.0 10.0
156 7.82 15.0 20.0

Cincinnati 24 4.89 9.0 -5.0
(n=94) 24 2.44 9.0 10.0

27 1.35 9.0 20.0
Miami 42 8.32 13.0 -5.0
(n=47) 37 3.70 i 30 10.0

44 2.20 13.0 20.0

Rae 1984) Cincinnati 74 14.73 11.4 5.0
(n=314)

tz
Brookshire Los Angeles CD

�Jet al. (n=56) 45 4.50 2.0 10.0 CD
M(1979) (n=56) 114 4.39 2.0 26.0 in

(n= 86) 63 3.96 12.0 16.0

Loehman et San Francisco
al. 1981) (N=56) 74 32.19 18.6 -2.3

(N=228) 44 19.08 16.3 2.3

Note: *-All numbers are from the actual figures reported in each of the studies. This column is not estimated.
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If any study could be compared to the Tolley et al. 1986) eastern cities
study, it is the Rae 1984) benefits study of visibility for Cincinnati. Of the
three major flaws in the Tolley et al. study discussed above, only one is present
in the Rae 1984) study - 'it is likely that respondents did not separate the
aesthetic and health effects associated with air pollution.

NAPAP also reviewed three visibility studies (two CV studies and one
hedonic property study) conducted in California where the change in visual
range levels are comparable to those in eastern cities. NAPAP concludes that
the biggest contribution the two California CV studies make is in the attempt to
separate out the perceived health effects associated with change in visual air
quality. The Brookshire et al. 1979) study in Los Angeles asked respondents
for WTP for visibility aesthetics only, for visibility plus acute health effects and
for visibility, acute health, and chronic health. However, depending on the
order of the questions, the aesthetic visibility valuation ranged from 10-70 of
the total WTP of all bids. Similarly, Loehman et al. 1981) conducted a CV
study for the San Francisco area by presenting a range of visibility conditions
in terms of numbers of non-polluted, moderate and poor days. Respondents
were asked their WTP for a combination of health/visibility conditions.

Although NAPAP credits the two California CV studies for making
strides in attempting to separate health and aesthetic benefits of different
visibility levels, the studies are very dated and the CV designs are not as good
as more recent studies. NAPAP also reviewed a hedonic property value study
for the Los Angeles and San Francisco areas conducted by Trijonis et al. 1984).
The study's biggest drawback is the strong correlation between health and
aesthetic effects; therefore, separate values cannot be obtained.

In an attempt to more accurately compare results of the studies, NAPAP
assumed a functional form to put the mean WTP results from the studies into
a common unit. We ignore this approach because it ignores the confidence
intervals around the mean estimates and estimates some regressions based on
three observations.

The key results from Table I are that there appears to be diminishing
marginal utility from increased visual range, which is consistent with economic
theory and that marginal WTP to prevent deterioration of visual range exceeds
marginal WTP for an improvement. NAPAP also concludes that there is a large
difference in the eastern and western results and that this is due to CV design
issues and location differences rather than the separation of visibility from health
values. As visibility conditions in Los Angeles and San Francisco are so
different and the values are so different, it seems hard to conclude anything from
this comparison.
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The results for Cincinnati are perhaps the closest to our Southeast
Reference environment. Here, the WTP to avoid a mile reduction in visibility
is about $5/person/mile, with an improvement of 10 miles valued at 2.50 per
mile. Rae, for Cincinnati, finds a much higher WTP - $15 per person per mile
for a mile improvement. WTP for Cincinnati is much lower than that for the
other eastern cities surveyed, however.

Because NAPAP's focus in reviewing the visibility literature was linked
to acid rain control, the treatment of western recreational studies is very sparse.
Essentially NAPAP discusses these studies in general, but does not critique them
in the manner above. Table 2 outlines the use values for recreational sites in the
studies NAPAP reviewed. Again, they estimated a consensus function, listed at
the bottom of the table, to determine WTP per visitor per day. The results of
on-site use values differ remarkably because of differences in sites examined and
the use of different elicitation methods (i.e., iterative bidding, contingent
ranking, etc.). Of most interest to the Southeast Reference environment is the
Rae study of Great Smoky Mountain National Park. The other studies apply
generally to the southwestern site. Use values at the Smokies were found to
increase by only 3 to 6 per visitor per day for an enormous increase in
visibility (from 612 miles to 60 miles). For the western sites, use values are
generally in the $148 range per person per day for improvements, with ranges
of 6 to 12 for substantial degradation in visibility (at the Navajo site).

General problems common to all of the studies include the application
of use values to number of user days (the number of visitor days can be linked
to visibility levels), and the possibility that different starting bids may signal
different incremental increases.

Below, additional literature is reviewed. Of note are studies of non-use
values associated with reductions in southwestern visibility (Decision Focus),
and the regional effects of acid rain (EPRI, using Tolley et at.).

Tables 3 and 4 summarize the key aspects of nine studies valuing
visibility. We chose major studies, often-quoted studies, and recent studies; our
list is not inclusive, but is reasonably representative, except that we include only
one property value study. The key general features of these studies are
author/year; city/region; measure of value (use or non-use); approach (CV,
property value); payment vehicle, if CV; and sample size and composition. Key
specific features include: baseline visibility level; scenario; the commodity being
valued (e.g., visibility as measured by a photograph); presence of a linkage to
pollution; WTP result (in 1989 $s); and comments.



Table 2 NAPAP user values for visibility protection at recreation sites

Study site Sample Initial Revised 1"0$ WTP Method Cr
size Visibility Visibility Per Visitor Used (a)

(in miles) (in miles) Party Day*

Rowe Navajo 26 75 50 $7.71 III
et al. Navajo 26 75 25 $12.31 III
(1980) Navajo 26 50 25 $5.73 1B

Schulze GCNP 166 75 95 $2.73 CL
et al. GCNP 166 75 125 $4.49 CL
(1983) GCNP 166 75 175 $6.33 CL

GCNP 166 75 240 $8.36 CL

MacFarland GCNP 1000 70 100 $1.55 CL
et al. GCNP 1000 70 130 $2.59 CL
(1983) GCNP 1000 70 165 $3.39 CL

GCNP 1000 70 215 $4.45 CL

MVNP 800 70 100 $1.37 CL
NIVNP 800 70 130 $1.86 CL
MVNP 800 70 165 $2.82 CL
MVNP 800 70 215 $4.12 CL

Rae NIVNP 196 74-95(b) 160 $4.88 CR
(1983) NIVNP 193 95 160 $13.13 CL

GSMNP 202 6-12(b) 60 $6.26 CR
GSMNP 202 12 60 $4.15 CR
GSMNP 201 12 60 $3.25 CL



Table 2 (continued) C)

Schulze et al. do not report visual range estimates for their photographs, but Chestnut and Rowe calculated
approximate visual ranges using historic data on visual range levels at the Grand Canyon.

Note:

(a) All studies used entrance fees as payment vehicles.
(b) Two scenarios were merged.
IB Iterative bidding
CL Check list of value ranges to select from
CR Contingent ranking
GCNP Grand Canyon National Park
WNP Mesa Verde National Park
GSMNP = Great Smoky Mountain National Park
Navajo = Navajo Reservoir, N.M.

*The change in visual range and the mean of the CV responses was used to estimate the following equation.
WTPNisitor party/Day = 6.02*ln(V2/V1 - 3.57*E*ln(V2/V1)

(6.30) (-2.54)

where: V initial visual range
V2 new visual range

E I if eastern study, otherwise
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With respect to the 12 combinations of attributes that define the
commodity "visibility," the studies primarily address use and non-use values for
changes in visual range in special areas. Some studies also examine plume
blight and the physical intrusion of a power plant. Thus, visibility effects for
the Southwest Reference site are adequately represented in the literature. One
particularly glaring omission is the recent Rowe and Chestnut study to support
the Best Available Retrofit Technologies (BART) action associated with the
Nava Power Plant in the Southwest. This study is addressed in the Decision
Focus study 1990).

Only one study addresses WTP for improvements in visual range in
eastern cities. Visibility improvements in Denver (related to CO and the "brown
cloud", which is not caused by power plant emissions) are represented in two
studies. There are no studies of visibility changes exclusively in rural areas, nor
of plumes or physical intrusion in urban areas. The Electric Power Research
Institute (EPRI) study includes visibility damages throughout the east, however.
The Southeast Reference environment is not represented by the literature.

The visibility benefit studies we reviewed primarily use scenic indexes
(through use of photographs), where visual range (the distance an object can be
viewed against a background sky with uniform haze) is the key parameter varied
in the valuation scenario. The hedonic property value study uses a more
objective measure of visibility, the extinction coefficient, the amount of light
scattered and absorbed between the target and observer. None of the studies
reviewed used an aerosol index to measure visibility in part due to the lack of
accepted models, and the problem of large uncertainty of the results. Several
studies analyzed used a threshold contrast of 2. Most of the Koschmeider
constants in the visibility benefits studies examined ranged from 18.7 to 24.3.

Other conclusions from this literature are- (1) the payment vehicle used
in a CV study can influence the results; the use of entrance fees vs. electric
utility bills shows that the latter tends to result in lower WTP; 2) the size of the
photographs used in the study may have some impact on WTP (i.e., the larger
the photos the more distinct the atmospheric pollution is, hence the
higher the WTP); and 3) very few studies mention how long the respondent
would be paying for visibility improvements (e.g., over the duration of the
power plant vs. annually for several years).



Table 3 Key general features of air visibility studies

Author(s) city/ Measure Method Payment Sample
& Year Region Vehicle Size/Drawn From

Schulze Grand Canyon Use preservation value CV - iterative Increased park fees/electric 600 +/Chicago, Denver, Los
et al. 1983) Southwest Parklands (use non-use) bidding game bill addition Angeles, Albuquerque (a)

Rowe, D'Arge, Four comers Southwest Use value CV - iterative Electric bill addition Less than 100/market
Brookshire 1980) U.S. biddin- payroll deduction unknown (a)

Tolley, Frankel Major Eastern U.S. cities Use non-use value CV - iterative Abstract 800/from Atlanta, Boston,
Kelley 1988) bidding game Cincinnati, Miami, Mobile,

Washington, D. C. (a)

Brookshire, Ives Lake Powell region in Use value CV - iterative Park fees 104/from locals, motel
Schulze 1976) Colorado bidding game visitors, camp visitors,

remote campers (a)

Trijonis et al. Los Angeles San Use value Property value (c) Not applicable Housing data for 1978-79:
(1985) Francisco areas 4765 houses in Los Angeles,

3IO6 houses in San Francisco

Decision Focus Inc. Grand Canyon Use non-use value CV - iterative Electric bill addition 202/St. Louis San Diego;
(1990) bidding game (a), (d)

EPRI 1990) Eastern U.S. (associated Use non-use value Did not conduct a CV experiment. Instead the authors use results from the Tolley et al.
with acid-rain) study to determine WTP for two S2 reduction scenarios using the STATMOD model.

Chestnut Rowe Denver metro area Use value Relied on previous CV studies to estimate function used to bound values for visual range
(Iggg) estimates for Denver.

McClelland et al. Denver metro area Use value Use seven survey versions to test potential C 1400 200 for each of 7
(1990) problems. surveys)/residents of Denver

metro area (b)
Cn

Bonneville Power Pacific Northwest Non-use value Survey 26 visibility studies to determine appropriate values to impart on visibility
Admin. 1987) impairment from a generic coal fired plant in the Pacific Northwest (e)

tZ
Chestnut & Rowe National parks in Use non-use value CV Payment card approach ($0 1647/residents of Arizona, CD

0
(1990) California, Southwest, to more than 750) non California, Virginia, CD

Southeast benchmarks Missouri, and New York (b) e4-
CA



Table 3 Key general features of air visibility studies

Author(s) city/ Measure Method Payment Sample
& Year Region Vehicle Size/Drawn From In.I 1

Chestnut Rowe Four air basins in Use value Rely on three previous urban visibility studies to estimate benefits for two different air
(1986) California pollution control strategies.

Comments
(a) This study relies on personal interviews with respondents. CD
(b) This study uses a mail survey to solicit WTP from respondents.
(c) This study is the "best" property value study on visibility benefits. Most importantly, the authors use visual range measurements from airport data as opposed to

ambient air pollution as previous hedonic property studies have done.
(d) Study commissioned to examine the visibility benefits associated with a BART action at Navajo Power Plant.
(e) All of these 26 visibility studies were not included in this table due to the fact that they were dated.



Table 4 Values of visibility studies

Author Baseline Scenario Visibility Link to Visibility Comments
Visibility Measure Pollutants Valuation

($/Person/Mile/Yr
except where noted)
Adjusted to 1990$

Schulze No visual range (1) Prevent visible 8 by 10 Summer 1979 SO, Use value ($/day) Study links SO, levels
et al. reported in study, but plume in Grand photographs emissions, 692-1034 (1) 1.8342.77 in 1990 to 1979
(1983) Chestnut Rowe Canyon 2) Change in tons per day, new (3) 1.82-$2.84 "below average"

(1990) report baseline visual range of 28 plants add 1399-1597 (4) S3.1045.(17 visibility; range of
visual range of 124 miles (see footnote (1) tons 2/day in 1990 (see footnote (b)) values covers the
miles (a) to explain) 3 Prevent Preservation value mean bids of four

regional change in ($/PersonfYear) cities
visual range of 28 (1) 19.66-$29.42.
miles 4 Specified For 2) 3 units are
conditions in Grand ($/person/mile/yr)
Canyon (b) (2) $.92-$1.27

(3) $.71-$I.ll
Based on function
(1) $15.1 /p�rson
(2) $.87/person/mile
(3) $1.54/person/mile (c)

Rowe et al. Hypothetical visual Change in visual range Photographs No Use value: Residents:
(1980) range of 75 miles from baseline (size not specified) ($/person/month)

visibility: (1) 3.97
(1) 25 miles (2) 5.46
(2) 50 miles (3) 5.71
(3) 50 miles plus Non-residents:
visible power plant ($/person/day) EA

(1) 2.50
(2) 3.39
(3) 3.81

Tolley et Baseline visual range Change in visual 3 12 by No Individual with mean (c), (d), (e) CD

al. 1988) of 14 miles range: (local) photographs characteristics, would pay JCD
(1) -5 miles $18.59/yr/mile change in IM
(2) 10 miles visual range. This value W
(3) 20 miles includes the average
(4) 10 miles baseline)
Eastern U.S.
(5) 10 miles
all U.S.



Table 4 Values of visibility studies

Author Baseline Scenario Visibility Link to Visibility Comments
Visibility Measure Pollutants Valuation

($1Person/MilefYr
except where noted)
Adjusted to 1990$ WCD

0
CDBrookshire Hypothetical visual Change from the Photographs No Use values: ($/day) Range of values is the Z

et al. impact of construction baseline: (1) visible (size not specified) (1) 2.1145.13 range of means of 1+
(1976) site of a power plant power plant; 2) visible (2) 4.25-$8.21 groups surveyed; (f)

plant w/smoke

Trijonis et Visual range: Hypothetical visual Hedonic price No Los Angeles: Results combine
al. 1985) Los Aueles range change: of visibility $1385/persori/visual range aesthetic and health

9.49 miles Los Angeles 86 miles mile valuation
San Francisco San Francisco 153 San Francisco: '
16.8 miles (g) milc�s $963/person/visual range

mile (h)

Decision Summer - Summer - 8 by 12 photographs Yes, future BART Value: ()summer& Connection of valuing
Focus, Inc. (1) 127 miles (1) 202 miles Action at Navajo winter 2) summer only over the lifetime of
(1990) (2) 69 miles (2) 151 miles limiting SO, emissions (3) winter only 4) 20 Navajo 20 ys) (i)

(3) 30 miles (3) 106 miles by 0-90% winter weather days (5)
Winter - Winter - 10 winter weather days;
(1) 221 miles (1) 270 miles use& non-use: mean
(2) 61 miles (2) 127 miles values in ($/person/year)
(3) 14 miles (3) 106 miles St. Louis - 1) 32.97 2)

$20.68 3 8.71 4 2.06
(5) 2.05
San Diego - 1) 22.98
(2) 11.16 3 4.16 4)
$2.66 (5) 2.48

EPRI No visual range over the 60 year S02 N/A Yes, reduce 1980 SO, For 520% change in Estimate for summer
(1990) reported reduction plan, the two emissions by 10 visual range, under the average visibility; (k)

strategies lead to million tons; (1) by two scenarios, estimate is (1)
different visual range 2000 or 2) by 2025 $1.10/person/yr over a 60
levels each year year span of S02

reduction

Chestnut Average visual range Average visual range N/A Yes, average of 1984- Value of Rely on previous
Rowe of 22A miles over 0 increase of 47 miles to 86 particulate matter $4.16/person/year/visual dated CV studies

monitors in the meet federal PM levels levels range mile (m)
Denver-Metro area ) for 1984-86



Table 4 Values of visibility studies

Author Baseline Scenario Visibility Link to Visibility Comments
Visibility Measure Pollutants Valuation

($[Person/Mile/Yr
except where noted)

Adjusted to 1990$

Bonneville No visual range Effect of coal-fired N/A Emissions from generic Employ value of Only one of the 26
Power reported plant within 109 miles coal-fired power plant $19/mile/yr/person (q) studies BPA reviewed
Admin. of plant in the Pacific NW was in the area of
(1987) emits 28.5 tons of SO,, interest, (r)

IA tns TSP, 13.1 tons
NO,, 13 tons CO per
year

Chestnut Visual range Yosemite: Change from baseline 3 by inch No Mean values: (u)
Rowe (1) 56 miles visual range: photographs (s) Existence values:
(1990) Grand Canyon Yosemite: ($/person/yr/mile)

(1) 96 miles (1) 22 miles Yosemite:
Shenandoah (2) 37 miles (1) 56
(1) 16 miles (3) 28 miles (2) 41

Grand Canyon: (3) $ .50
(1) 28 miles Grand Canyon:
(2) 59 miles (1) 40
(3) 25 miles (2) 25
Shenandoah: (3) $ .51
(1) 15 miles Shenandoah:
(2) 31 miles (1) 72
(3) -10 miles (2) 49

(3) 1.36
Use option values:
($/person/yr/mile)
Yosemite:
(1) $.24
(2) $.17
(3) $.22 70
Grand Canyon: (D
(1) $.18 PCD
(2) $.II
(3) $.23
Shenandoah:
(1) 32
(2) $.22
(3) $.61 (t)



Table 4 Values of visibility studies

Author Baseline Scenario Visibility Link to Visibility Comments
Visibility Measure Pollutants Valuation Cr

($/Person/Mile[Yr
except where noted)
Adjusted to 1990$ W

CD

CDChestnut & Visual range: Change in visual NIA Emissions of TSP, Urban use value: (W) n_
Rowe San Diego: range: SO,, and nitrate ($/person/yr/mile) W
(1986) (1) 535 miles San Diego: obtained from CARB San Diego:

(2 385 miles (1) 107 miles for 1979; emissions for (1) 37.45
San Francisco: (2) .78 miles 1987 based on state (2) 27.30
(1) 979 miles San Francisco: and local San Francisco:
(2) 882 miles (1) .8 miles implementation plans (1) 28.00
San Joaquin: (2) 72 miles (v) (2) 25.20
(1) 10.67 miles San Joaquin: San Joaquin:
South Coast: (1) 10 miles (1) $ 350
(1 442 miles South Coast: South Coast:
(2) 5.58 miles (1) .55 miles (1) 19.25

(2) .50 miles (2) 17.50

(a) Although the photos depict different visibility conditions, no quantifiable measure, like visual range, is equated with the photos. However, Rowe et al. 1990) report photos
representing "average" (current) visibility and "below average" visibility represent approximate visual ranges of 200 km (124 miles) and 155 km 96 miles), respectively
although Rowe et al. 1990) do not specify how they arrive at these visual range levels. These visual range estimates are used to determine WTP per mile for only scenarios
(2) and 3), since visual range estimates in Rowe et al. are not given fr the remaining Schulze et al. photos.

(b) 'Me authors report use values for visibility changes in the Grand Canyon from "poor" to "below average", "poor" to "average", .poor" to "above average", and "poor" to
,.excellent". Only the use values for changes from "poor" to "excellent" conditions are presented in the table due to space constraints.

(c) Visibility benefit function based on average family income, race, sex, and distance from particular site, etc. This value function is used to derive national benefit estimates
from U.S. population.

(d) Estimated visibility function = 251.362 x (I -exp(-.069 x change in visual range)).
(e) As a follow up to the original study, Tolley found that using electric bills as a payment vehicle reduced the bids by 24 per year. Seasonal variation and the use oflarger

photographs had no significant impact on bids, however, the value of improving visibility for a greater number of days revealed diminishing marginal value ofirnprovements
in visibility.

(i) Estimate of physical siting of power plant included in study. The study does not make use of visual range estimates since the study was commissioned to examine solely the
aesthetic damages from the construction of a power plant.

(g) Visual range estimates are determined by converting the mean light extinction coefficient for each market area via the Koschmeider formula, assuming a % contrast
threshold detection for the observer.

(h) 'Me results depend in large part on what functional form is used. he values reported are for the "best" functional form according to the researchers. These are the log-
linear form for the Los Angeles area and the semi-log form for the San Francisco area.

(i) Respondents are asked to value: (1) a shift in visibility conditions from the baseline summer and winter conditions to the improved summer and winter conditions (a shift in
conditions of all six scenarios), 2) a shift in only the summer baseline conditions, 3) a shift in just the winter baseline conditions, and 4) finally, a shift in conditions on 20
and 10 days in the winter (movement form 14 miles to 106 miles on 20 or 10 days of the winter).



Table 4 Values of visibility studies

Author Baseline Scenario Visibility Link to Visibility Comments IQ
Visibility Measure Pollutants Valuation 00

($/Person/Mile/Yr
except where noted)
Adjusted to 1990$

0) The authors calculate visual range estimates by converting the light extinction measures via the Koschmeider formula, assuming a 2 contrast threshold detection for the
observer.

(k) The authors assume 50 million households make up the Eastern U.S. Aggregate Eastern U.S. estimates were changed to household estimates using the 50 million population
figure.

(1) The authors use the Tolley et a]. 1984) estimates to derive WTP estimates for this study. This is problematic because the visual range differential in Tolley et al.'s study is
roughly 10 times the visual range difference between the two SO, reduction strategies EPRI valued.

(m) The dollar per visual range mile was calculated as follows. We took the equation the authors adopt: Annual value per HH = 206 x In (V2/VI) where V2 and VI are the
two visual range estimates and plugged in the different visual range estimates for each of the ten monitors in the baseline and scenario to calculate ten annual values per HH.
These ten values were averaged and divided by the difference in visual range over the ten monitors.

(n) One problem the authors did not address is that Denver has a higher than average visual range background, and layered visibility conditions which make it a different city
than the common uniform haze seen in most urban surroundings.

(o) Although photographs depict different visibility conditions, no quantifiable measure, like visual range, is equated with the photographs. Therefore, changes in visual range
cannot be mapped with respondents' valuation of a given visibility scenario.

(p) The researchers ask respondents to value air quality in terms of visibility and healthiness of the air. In doing so, the respondents bias upwards the value ofimproving
visibility by linking it as a joint product with health effects.

(q) In other words, the visibility impact of a coal-fired power plant operating in the Pacific Northwest depends on where one is located in-relation to the power plant. The
authors use a value of $19/mile/yr/person -- for a given person, the benefit of not operating the coal-fired plant is $19/year for each ile that person is away from the plant.

(r) Studies relied on ignore the change in ambient visibility and the impact of structure on power plant and plume, which are important to the study BPA conducted.
(s) The photographs shown represent "typical" summer visibility for the parks included. All photos used in the study were obtained from the National Park Service inventory.
(t) The allocation of WTP to existence values includes bequest values, since bequest values and existence values essentially co-exist.
(u) The CV survey asks the respondent to consider the photographs for Yosemite as representative of California parks, the photographs of the Grand Canyon as representative of

parks in the Southwest, and the photographs for Shenandoah as representative of parks in the Southeast. The WTP responses are for valuation over these entire regions,
rather than for these parks in particular. To calculate WTP for each specific parks, the authors suggest taking the WTP numbers and multiplying by 41% for Yosemite, 45%
for the Grand Canyon, and 44% for Shenandoah. These figures were obtained by asking respondents what percentage of their total WTP would be allocated to the park in
question. (n.

(v) The actual and projected emissions data are not reported in the study. Visual range estimates for the five scenarios are computed from the emissions data using Trijonis et
al. 1980) regression equation relating total extinction to the SO,, nitrate, and TSP levels and a simple equation showing the relation between total extinction and visual range
using the Koschmeider equation, assuming a 2 contrast threshold.

(w) The authors use a constant value per mile change in urban areas, which understates the estimates since WTP can be expected to be higher per mile when pollution levels are
higher. CD

CD

CA
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4. OVERVIEW OF EPRI STUDY

To obtain visibility valuation estimates, one would want to have estimates
for four relationships: (1) emissions and ambient concentrations, 2 ambient
concentrations and optics, 3 optics and perception, and 4 perception and
valuation. No study has been able to link all four relationships independently.
However, EPRI 1991) is the only study to date that has successfully attempted
to piece all four relationships together relying in part on previous studies.

EPRI attempted to measure the summer average visibility benefits for the
Eastern United States associated with a decrease in SO, by 10 million tons per
year under a retrofit strategy (immediate reduction) and a replacement strategy
(a phased in S2 reduction by the year 2025). EPRI relied on a model called
STATMOD, the Statistical Long-Range Transport Model, to determine ambient
sulfate concentrations based on projections of future S2 emissions under the
two scenarios listed above. STATMOD has several important properties to
measuring air visibility: (1) it treats aerosol optics, 2) the parameter values are
obtained by minimizing the difference between model calculated values and
observations of ambient S2, aerosol sulfate and precipitation sulfate, and 3)
the model is designed to take into account the relationship between source areas
and receptor locations. The mostimportant assumption driving the model is that
long-term concentrations do not change significantly with chemistry and the
weather. Thus, the model is best used for analyzing changes in S2 over
several years, since the year to year changes in weather are not considered. For
a further discussion of the STATMOD model see EPRI 1990).

The data used to determine the model parameters were gridded NAPAP
1985 emission, wind speed and direction from the National Weather Service,
and ambient S21 sulfate, and precipitation sulfate concentration data for 1
eastern U.S. locations from July to September 1988. Estimates of future
ambient sulfate concentrations are based on projections of utility emissions for
the High Clean Coal Technology Scenario described in the EPRI report in
greater detail.

The relationship between ambient concentration and optics was obtained
by reviewing the studies for the NAPAP literature. This literature was important
in providing values for light extinction due to non-sulfate material, and light
extinction due to sulfate and precipitation sulfate concentration, all of which are
used to calculate the light extinction coefficient. Total light extinction was
estimated every fifth year from 1990 to 2050 for 33 urban and rural locations
in the eastern United States.
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To determine the relationship between the change in light extinction and
perception, EPRI adopted a threshold perception value of 15% change in light
extinction based on a study by Pitchford et al. 1989). The Pitchford analysis
was more relevant to the regional haze perception of interest to EPRI as
compared with plume studies in which the perception threshold would be much
lower.

Finally, to link human perception to economic valuation of visibility
changes, EPRI used the contingent valuation results of the Tolley et al. 1984)
analysis. EPRI converted the light extinction coefficients described in the
previous paragraph to visual range using the Koschmeider equation, assuming
a 4 perceptible contrast threshold. However, the visual range difference
between the two S2 reduction scenarios is roughly one-fifth the visual range
differential Tolley attempted to value in his study. The visual range differential
Tolley valued was on the order of 100-233%, whereas the EPRI visual range
differential corresponded to a 520% change in visual range. EPRI used simple
linear extrapolation to convert the Tolley results of approximately $100 per
household as a nominal value for a 100% improvement in visual range to an
appropriate dollar value for the difference in visual range applicable to the EPRI
study. Only differences exceeding the perception threshold were included. An
annual dollar estimate for the eastern U.S. was obtained from the dollar per
household value under the following three assumptions: (1) 50 million
households in the east, 2 summer 50% of the year, 3 exclusion of 20 of
summer days for rain or fog. The best estimate of the differences in visual
range of 520% under the two scenarios is 144 million per year.

The fact that the EPRI report
makes the linkage between the four .. EM reodet makes the
visibility relationships indicates that Jink�e. betwee&: the
its contribution to the visibility

Put v1sibiW
literature is significant.

teld&hsh0s��.Xonfiibuflon��.
t& i Wm. isx..

4.1 DECISION FOCUS STUDY s4offl aht.
(1990)

The Grand Canyon visibility study undertaken by Decision Focus, Inc.
was contracted by EPA to examine what households would be willing to pay for
visibility improvements resulting from a Best Available Retrofit technology
(BART) action at the Navajo power plant in Arizona. Because the study was
contracted to consider the results of this policy action, most earlier visibility
benefit studies of the Grand Canyon cannot be compared with the Decision
Focus results since other studies did not examine the same sort of visibility
change. In particular, other Grand Canyon/Southwest Parkland studies value
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large annual average visibility levels rather than considering changes on a certain
number of days in the winter months, which is what EPA believes would be the
benefit from a BART action at Navajo. In addition, other studies consider the
impact of visibility changes over Southwest parks in addition to the Grand
Canyon.

The early portion of the study took the form of focus groups, and
telephone surveys. These results were used to design a CV study to value five
major program changes in the Grand Canyon - an aggressive regional visibility
improvement program in the first two programs as well as the effects of a
Navajo BART action program in the last three programs. In particular, these
five major program changes in the Grand Canyon are: (1 a program that would
achieve large improvements during the winter and summer in both clear and
cloudy weather conditions, 2 a program that would achieve visually apparent
improvements only during the summer, 3 a program that would achieve
visually apparent improvements only during the winter but in both clear and
cloudy weather conditions, 4 a program that would achieve visually apparent
improvements only during 20 days of layered haze that occur during some
weather days and (5 a program that would achieve visually apparent
improvements only during IO days of layered haze or some winter weather event
days. Only the results of the first program can be compared with previous Grand
Canyon studies, since it considers changes in visibility regardless of season and
weather conditions. This comparison is taken up below.

The Decision Focus study used photographs maintained by the National
Park Service, as opposed to computer modified photographs to illustrate different
visual range levels. The latter option was eliminated because it ignores the
effect of visibility changes on cloudy, misty or foggy days because computer
technology does not permit an accurate depiction of haze with cloudy conditions.
The photos used by Decision Focus have an advantage over photos used in
previous studies. In particular, the researchers tried to use several pairs 
photos that kept the season, time of day, and lighting conditions the same. In
addition, the photos were chosen to reflect large perceivable changes in visibility
in comparison to the photos showing current conditions. Focus group results
showed that respondents viewed with suspicion spending money for programs
that reflected slight or imperceptible changes in visual range. Finally, the by
12 inch photographs are much larger than photographs used in previous studies.

The researchers used two photoboards with six by 12 inch photographs,
representing summer and winter. Each photoboard had three rows representing
different air visibility and two columns with current and improved visibility
conditions. All six summer pictures depicted clear morning skies while four
winter pictures were clear sky morning conditions and two were winter weather
conditions. (Apparently, there is significant cloud cover in approximately
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one-third of the winter.) The researchers determined the levels of visibility
represented as light extinction and the number of days represented by each level.
Researchers picked visibility levels and frequencies for clear sky conditions in
the summer and winter, with three levels for summer and two levels for winter.
The pilot study was carried out in St. Louis and San Diego.

The results of this study may
be an upper bound to visibility a.iresuft ls�� wwk 1 may...
damages from a new power plant as .�.Oe: an qppe bo�nd:4o:�..... .. ... .....the Decision Focus study addressed

vlsib�#O�� &M ft athe benefits of fairly significant S2
newv wer n ��.as eemissions reductions from retrofit of A:� 0

an existing plant (ranging from 50% D Ion.: cus �hi*
to 90% removal). These reductions addrm�dlhe benefl& of
would exceed the residual emissions S ai i fit so
from a new plant meeting applicable emissionk re"ctionk from
Federal standards.' In addition, it fan existin P t9should be noted that participation of 90%

6�nV�.ftom� 50 to
this plant in the marketable permit

removesystem for S2 would suggest, at
least in the first instance, that
externalities would be zero as
increases in S2 from this plant would be offset by decreases somewhere else.
To the extent that the marketable permit system is imperfect in accounting for
spatially differentiated marginal damages, this conclusion would not hold.

In any event, the study estimated the WTP of both users and non-users
who live in St. Louis and San Diego for visibility improvements in the Grand
Canyon region larger than that associated with the retrofit and then extrapolated
these estimates downwards to match changes in visibility projected for the
retrofit. The original estimates averaged about 250 per year per person
surveyed, although the authors argue that the 5% trimmed mean estimates,
which are about $0.50, are preferred on statistical grounds. After extrapolation
downwards and application to 100 million U.S. households, total visibility
benefits for 50 S2 removal are $0.8 million/year, or about 0.47 mills/kWh.

iln applying these results to our project, it should be kept in mind that the Navajo Generating Station
has 2250 MW of coal-fired generating capacity, which is 45 times that of our incremental plant. As the
plant emits 082 lb SO,/MMBtu with a heat rate of 10,300 Btu/kWh, a 50% reduction in S2 implies an
emissions reduction of 000423 lbs S2 per kWh.
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4.2 CARSON STUDY

An ongoing study by Carson et al. 1989) has been commissioned by
EPRI to examine visibility valuation using Cincinnati as a case study. The
results discussed below are based on the completion of the first pilot study.

The Carson et al. study is significant in its attempt to address the problem
of separation of health and visibility values. The researchers believe that relying
exclusively on the assumption that respondents in a CV study can ignore health
effects is problematic. They assert that if shown pictures of improved visibility,
respondents should be valuing programs anchored to a specific level of health
and visibility. Visibility benefits can then be separated from health benefits
through hedonic pricing.

The survey instrument used by 6 photographs representing visibility
ranges of 16 miles, 714 miles, and 15+ miles that accompanied a program card
which indicated the number of days in the year that would fall into each
category. Three potential health effects - no effects, mild effects, and moderate
effects - were valued simultaneously with the corresponding changes in visual
range. A second version of the same survey was administered to a different set
of respondents. The new survey was identical in all respects to the first one,
except the programs only included visibility changes. A total of 151 personal
interviews were conducted: 76 using the first version, and 75 using the second
version.

The results are interesting. First, respondents are willing to accept the
notion that health improvements are associated with large changes in visibility,
but they are unwilling to separate health and visibility benefits for small
visibility improvements. Secondly, people are not identical in their values for
visibility and health. In other words, some prefer visibility over health
improvements, some prefer health to visibility improvements, and others are able
to make tradeoffs between both. As a result of this pilot study, the researchers'
conclude that CV surveys should
incorporate simultaneous health and
visibility changes.

... ..S.Ur
......... .NAPAP briefly reviewed the :incorpor smu aneous. . . . . .. ..... ....

preliminary work by Carson et al. .... .. ltpea ::::an SW-J9........ .. .. .... .. . . ....... . .... . .. . .. ........ ........... .............(1989) in its review of the visibility ... ...... ......... .... ........ C WWOK�literature. T he m ost im portant ....... ... .. ....... . ...... ........ . .... .......... .. .. . ..... .. .. .. ......... ........... ... . . .. ..... ... ... .... . ........

criticism NAPAP found of the Carson
et al. study is that the respondents were not briefed on what constitutes health
effects. Thus, if the intended health effects differed from an individual's
perception, the measurement of health impacts will be flawed.
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4.3 TRIGONIS ET AL. 1985) STUDY

Trijonis et al. 1985) attempted to measure the visibility benefits
associated with different air quality in the areas of Los Angeles and San
Francisco. The authors use a hedonic property value study with 4765 homes
in the Los Angeles area and 3106 homes in the San Francisco region. Home
sale prices for the years 1978-79 was used. Visibility data were obtained from
weather recordings of visual range at weather stations and airports. The authors
convert the visual range indices to extinction indices using the Koschmeider
formula relationship in order to emphasize the distinction between valuing a unit
change in visibility at lower visibilities than. at high visibilities. They measure
two different light extinction indicies - the annual median and the annual median
subtracting sea haze. The latter extinction index is important because aerosol
water contributes an important contribution of fine particulate mass, which
affects visibility. The authors find that the latter measure of light extinction is
significantly different from the other measure, but that it introduces a large
amount of multicollinearity into the data set.

The authors estimate separate hedonic price functions for the Los Angeles
and San Francisco areas using a variety of functional forms. They assume that
individuals within Los Angeles and San Francisco are identical with the
exception of income (visibility is neither a substitute nor a complement with
other characteristics). In all cases the light extinction indicies have a significant
negative correlation with home sale price, but the coefficients vary considerably
depending on the functional form employed.

The hedonic equations are differentiated to determine a WTP for a unit
change in extinction. Given the implicit prices of extinction for each individual,
a demand curve was estimated b y 'regressing price against quantity. Integrating
under the demand curve for any change in extinction rate, yields the aggregate
benefits.

The biggest problem with this study, as with all property value studies,
is that it is difficult to separate the values for health, and other air pollution
effects from the purely aesthetic effect of air pollution, namely visibility.
However, one strength of the Trijonis study is its use of light extinction data to
measure visibility benefits, as opposed to ambient pollutant concentrations,
which are even less reliable.

In addition, another benefit of the Trijonis study is its use of direct
market data. Although these benefits are notable, hedonic property studies have
limited use in the valuation of visibility outside of urban areas.
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Finally, there are two other major criticisms of the hedonic property
method: (1) there must be noticeable variation in air quality across the survey
market and 2) residents within the defined market must factor visual air quality
changes into their purchase of houses (EPRI 1988). For the Trijonis study the
first factor holds true. Air pollution is noticeably worse in counties in and
around Los Angeles than the counties around San Francisco. In addition, the
results of the study seem to suggest that air quality as measured by light
extinction is a significant determinant of home sale price. Therefore, these
major criticisms of hedonic property studies apparently do not seem to be the
case with the Trijonis study. However, since the visibility literature we
reviewed is heavily skewed toward contingent valuation studies, it is not
possible to draw far-reaching conclusions on the basis of the review of one
hedonic property study.

4.4 BROOKSHIRE, IVES AND SCHULZE 1976) STUDY

This study attempts to measure benefits locally, for the residents of Lake
Powell recreational area, to avoid the building of a power plant that would
impair visibility. The study estimates benefits from the visual impact of the
power plants (without smoke emitted) as well as the smoke plumes and loss of
visibility.

The starting bid for the game was $1 and bids were increased in
increments of $1. The payment vehicle was a user fee. Using the survey data
collected, it was shown that the equivalent and compensating consumer surplus
measures were not very different, in part because the typical recreator in Lake
Powell has substitute recreation opportunities and has an aesthetic valuation as
only a small percentage of his income. No strategic bias was seen because there
are not a large number of zero and extremely high bids.

4.5 ROWE ET AL. 1980) STUDY

This study attempts to measure the visibility benefits associated with
different visual ranges 75, 50, and 25 miles) in the Four Corners Region of the
U.S. This study is unique in its ability to link te photographs to actual
quantifiable measures of visibility. In addition, the study attempts to test the
biases associated with iterative bidding (starting point bias, strategic bias) and
the biases introduced by a survey design. In the latter attempt, Rowe et al.
(1980) took the Brookshire 1976) study one step further by giving the mean bid
of other respondents (to test strategic bias), and varying the starting bids (to test
starting bid bias). The effect of increasing the starting bid was approximately
$0.60/month on a 1 increase within the $1 to $10 range. The effect of prior
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information (other respondents mean ... .............. ....... .
bids) caused respondents to bid ... . .. .... .. ..6�xurv I S u..... .... ....... ... .... .... ........ . .. . ..... ............ . .. ... ... ................. ..... . . .... . ... .. .. . .........$1.70/month less than without the .... ... :..useructuM: as nt 0b f... ..... ........ ...... . . .... ..... W.. :� .. .. ... :,,.:rprior information. Strategic bias was ... ................changek�4n h rucI . s t, .... ... .... ... .. . . ....... .........not perceived to be a problem if zero . . . .. ........ .............. ....... ... .... ..... .. ........... . ..... . .. ..... ..

e survey. i�. ca& fas....thand large bids are analyzed and .. . .. .... .
0possibly rejected. The authors found t. 40. ... . .....

that the survey instrument structure
was not robust to changes in the
structure of the survey (i.e., different payment vehicle). These distortions can
bias the results up to 40% in this survey.

4.6 SCHULZE ET AL. 1983) STUDY

This study attempts to measure the visibility benefits of the Grand
Canyon and southwestern United States, using entrance fees and electric bill
additions as payment vehicles for a WTP survey. No initiation point for the
bidding process was suggested which according to the authors eliminates starting
point bias. This study is not ideal for examining the effect of different survey
parameters have on the results.

The survey does support the Dubos hypothesis which states that once
degradation has taken place in a pristine envirorunent, additional damage matters
little. The survey supports the notion that incremental improvements in air
quality does not lead to small benefits to viewers. Total user value alone is two
orders of magnitude smaller than total preservation (user plus existence value)
value.

4.7 TOLLEY ET AL. 1988) STUDY

Tolley uses a large sample to estimate a visibility value function based
on WTP bids from respondents in six Eastern U.S. cities valuing three changes
in local visual range (local is defined as all land within a 75-mile radius of the
test city), and two changes in visibility in the eastern and western United States.
The bid function the authors adopt has three important properties: (1) the bid for
no change from the present situation is 0, 2) increases in visual range will lead
to increases in a bid, and 3 any increases in a bid will take place at a
diminishing rate. The equation was estimated using non-linear least squares
regression. Of the 19 independent variables included in the bid equation all but
three are significant at the 95% level. The most important conclusion from the
regression equation is the effect of the four city dummies for Atlanta,
Washington, Cincinnati, and Miami. (Only four of the six cities were included
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in the equation since the intercept and another variable used up two degrees of
freedom. Therefore, Boston and Mobile remained as the base cities from which
to compare.) The city effects for Atlantic and Washington, D.C. are positive,
but they are negative for Cincinnati and Miami.

Tolley uses the parameter estimates of the original bid function to
calculate a visibility parameter equation for an individual having mean (i.e.,
average) characteristics. This equation shows that an individual with mean
characteristics is willing to pay an estimated 16.83 per year for a 1-mile
improvement in visual range.

In the Six City Survey, Tolley used photographs from Chicago to show
local visual range at 4 13, and 30 miles, corresponding to conditions of "poor",
"median," and "good" visibility. Respondents were shown these photographs,
told the visual range in their own city and asked to value the three changes in
local visual range. In addition, respondents wer e also shown pictures of a scene
at the Shenandoah National Park and the Grand Canyon National Park under the
same visibility conditions and asked to value a 0 mile improvement throughout
the eastern United States and the entire United States, respectively.

It is not clear how the
photographs relate to the changes in W d ar
visual range the respondents were . . . ...... .. .... .. .. . .. ...

h i te N.&e. ... ..... .. ..... .......told to bid on. For example, the P 9"
hanges in V aid/ 1hphotos of the Grand Canyon and the .. ..... ...e d I tShenandoah National Park do not �r soon en were.�� 0.. . . . ..... ... ....

appear to relate to valuing changes in M bid oh
. .. .. .. .......... .... . ..10 miles for the eastern and entire .. . . . ......

United States. The authors never
disclose the visual range of the pictures of the Grand Canyon and Shenandoah,
so it is hard to make the connection ftom the photos to the valuation questions.
Also, it appears arbitrary that the authors select Shenandoah National Park to
represent the area of interest to value changes in eastern visibility as a whole.
Clearly, it is doubtful that all respondents would choose Shenandoah as a place
representative of the entire eastern U.S. In addition, Tolley shows the photos of
changes in local visual range in Chicago to respondents from other cities. The
problem with this is that scenes from Chicago are unfamiliar to people from
other areas and thus it is likely to cause a downward bias in the bids of people
outside the city. Also, it is not clear whether the authors discuss the reasons for
changes in visibility to the respondents, therefore the respondents could be
valuing health benefits as well as aesthetic benefits. Finally, there is no mention
of how Tolley has measured the visual range in each photo (i.e., subjectively,
or through instrumental methods such as telephotometry) and thus, it is difficult
to comment on whether the visual range was measured accurately.
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Tolley conducted a follow up study in selected cities to modify some of
the problems with the original six cities study outlined above, and to test some
different hypotheses. In the follow up study Tolley used photographs that
depicted familiar local scenes to show local visibility programs to respondents
instead of relying exclusively on scenes from Chicago. In addition, Tolley used
8 by 10 photographs, rather than the original 3 12 by photographs, and tested
the use of an electric bill addition as a method of payment instead of leaving the
payment vehicle abstract. Finally, Tolley introduced the concept of valuing
seasonal changes as opposed to changes over the entire year. Tolley estimated
the original visibility valuation function under these new conditions. He
concluded that the use of larger more distinct photographs using views familiar
to local residents might result in higher bids (the t-statistics were not significant
at the 95% level). In the test of the payment vehicle, the electric bill addition
was found to reduce an individual's monthly bid by 2, ceteris paribus. In the
test for seasonal difference, Tolley estimated that people would be willing to pay
$0.75 per month more for a I mile improvement of typical visibility in the
winter than during the summer. Although Tolley corrected the photos for local
residents by showing familiar scenes, the remainder of the problems originally
discussed still held true with the follow up study.
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