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ABSTRACT

The nation needs to know how much visibility is worth in order to evaluate
the benefits of air pollution control for the purpose of visibility protection.
This study was designed to measure the economic value of preserving visibility
in the National Parklands of the Southwest. During the summer of 1980, over
six hundred people in Denver, Los Angeles, Albuquerque and Chicago were shown
sets of photographs depicting five levels of regional visibility (haze) in
Mesa Verde, Zion and Grand Canyon National Parks. Although our calculations
suggest that projected emissions with existing and currently planned S02 con-
trols would not produce a perceived decline in visibility, complete decontrol
of S02 emissions by projected power plants in the region in 1990 would result
in a decrease in typical summer visibility from that which was represented in
the photographs as “average” visibility to that which was represented as “below
average” visibility. On the basis of this, the survey participants were asked
how much they would be willing topay in higher electric utility bills to pre-
serve the current average condition--middle picture--rather than allow visi-
bility to deteriorate, on the average, to the next worse condition as repre-
sented in the photographs (an estimate of total preservation value). They
were also asked about their willingness to pay in the form of higher monthly
electric power bills to prevent a plume from being seen in a pristine area.

To represent plume blight, two photographs were taken from Grand Canyon

National Park, one with a visible plume. The surveying had a very high response
rate (few refusals). Individual household bids ranged from an average of $3.72
per month in Denver to $9.00 per month in Chicago for preserving visibility at
the Grand Canyon. These average bids were increased by $2.89 to $7.10 per
month per household in the four cities if visibility preservation was to be
ext.ended to the Grand Canyon Region as a whole as represented by the photographs
taken from Mesa Verde and Zion. Prevention of a visible plume at the Grand
Canyon was worth on the average between $2.84 and $4.32 per month for the four
cities surveyed. Extrapolating these bids to the nation implies that preserving
visibility in the Grand Canyon Region is worth almost 6 billion dollars per
year. This is the base figure from which the benefits of power plant S02 con-
trols, projected to be in place in the region in 1990, are determined.

Adjusting this number for 1990 population levels and using a 10 percent dis-
count rate over a thirty year power plant life gives an annualized value of

7.6 billion dollars as the benefits of power plant SO,control. The corre-
sponding control costs are estimated to be approximately three billion dollars
annually. Therefore, the existing and proposed control level in the Region is
not without economic justification. Additionally, prevention of a visible
plume at the Grand Canyon is worth almost two billion dollars to the nation.
These results suggest that preservation values derived from knowledge that a
unigue natural wonder remains preserved may be very large for the Grand Canyon
Reg i on. Finally, the methodology used must be considered experimental since
this is the first study, to our knowledge, to include an estimate of preserva-
tion value for a unique national treasure.
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EXECUTIVE SUMMARY

,THE BENEFITS OF PRESERVING VISIBILITY IN THE
NATIONAL PARKLANDS OF THE SOUTHWEST

The nation needs to know how much visibility is worth in order to eval-
uate the benefits of air pollution control for the purpose of visibility pro-
tection. This study was designed to measure the economic value of preserving
visibility in the National Parklands of the Southwest.

Historically Americans have placed a high value on good visibility,
that is, the ability to see distant objects clearly. This yearning for and
appreciation of atmospheric visual clarity is evidenced in the country’'s early
literature and art, including the Journals of Lewis and Clark as well as the
masterpieces of the great American landscape artists of the 19th century.
Today that love of visibility is demonstrated not only by the millions who
flock each year to our western parks, but also in the high prices brought by
those artists’ work of a century ago and by the interest in Ansel Adams’
simple, yet dramatically clear black and white photographs of Yosemite and
other wonders of the U.S. National Park Service.

Over the past 100 years, Congress has acted to preserve many of our
nation’s natural wonders. [t did so by creating and continually expanding the
National Parks, National Wilderness Areas, National Monuments, National
Recreation Areas, and Wild and Scenic Rivers.

Since the 1950s there seems to have been an increasing concern that
this beauty is threatened by industrial development and population growth.
Pollution from coal-fired power plants became a special concern with the advent
in 1963 of the first unit of the Four Corners Power Plant near Farmington, New
Mexico. It produced a plume that could be seen clearly for many miles,
reducing the clarity of the visual experience in areas of northwestern New
Mexico, southeastern Utah, southwestern Colorado and northeastern Arizona.

By the late 1960s and the early 70s, smog began to appear in Yosemite
Valley on warm summer days. Battles erupted over proposed coal-fired power
plants on the Kaiparowits Plateau and near Capitol Reef National Park, both
in southern Utah, because of their possible effects on visibility. The
increased publicity and concern resulted in magazine and newspaper articles
decrying the loss of visual clarity, particularly in the western United States,
and precipitated political pressures in Congress for legislative steps to pro-
tect visibility. Those pressures culminated in the August 1977 adoption by
Congress of the nation’s first specific visibility protection requirements for
national parks and national wilderness areas as amendments to the Clean Air
Act of 1970. One of the large issues raised by these developments is whether
the value of visibility protection outweighs the cost, including air pollution



control equipment and the regulatory requirements. The study reported on here
is designed to improve our ability to measure the benefits of visibility and
to provide some actual estimates of the value of that visibility in several
major national parks and for the region in which they are located. The region
and the parks located in it are shown on the map below. We refer to this area
as the Grand Canyon Region.

L]

REGIONAL MAP
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Recroation
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NEW MEXICO

1. Navajo Power Plant, Page, AZ
2. San Juan Plant: Fruitiand,NM
3. Four Corners: Farmington, NM
4. Copper smeiters, throughaut Arizona

Planned

§. Intermountain Power Plant (Utah)
6 Garfield Power Plant {Utah)
7. Warner Power Plant {Utah)

Points of Interest
(7,178 f1.) Shiprock,NM

) (7,178 ft.) Shiprock, NM -35 miles
from Mesa Verde
[8,029 ft.) Trumbull Mountain, AZ . 50
mules from Zion and 1 mile
E] from Grand Canvon

Visibility is the ability to clearly see both color and detail over long
distances. Human perception of visual air quality is associated with the ap-
parent contrast of distant visual targets with respect to their surroundings.
As contrast is reduced, a scene “washes out” both in color and in the
ability to see distant detail.

What then is the nature of the preservation value of visibility? That
value has at least-two possible components.

First, a scenic resource such as the Grand Canyon attracts millions of
recreators each year. The quality of the experience of these recreators
depends in great part on air quality, because scenic vistas are an integral
part of the Grand Canyon “experience.” Thus, air quality at the Grand Canyon
is valuable to recreators. We might call this economic value user value,
or. the willingness to pay by users for air quality at the Grand Canyon. Thus ;
recreators in the National Parklands of the Southwest should be willing to pay
some amount to preserve air qual ity for each day of their own use if their



recreation experience is improved by good air quality. One hypothetical
market for collecting user value is an increase in entrance fees to parks to
be used to finance preservation of air quality, i.e., purchase ofair pollu-
tion control equipment. Survey questionnaires can be designed to estimate
user value based on such a hypothetical market.

The second component of preservation value is termed existence value.
Individuals and households which might never visit the Grand Canyon can still
value visibility there simply because they wish to preserve a national treasure.
Visitors also may wish to know that the Grand Canyon retains relatively pris-
tine air quality even on days when they are not visiting the park. Concern over
preserving the Grand Canyon may be just as intense in New York or Chicago as it
is in nearby states and communities.

Thus, preservation value has two additive components, user value and
existence value. However, it is difficult to construct even a hypothetical
market to capture existence value alone. Rather one could imagine a lump sum
fee added, for example, to electric power bills to preserve air quality in
the Grand Canyon and the surrounding parklands. Such a hypothetical fee would
capture total preservation value, the sum of existence plus user value, if
used as the basis of a survey questionnaire. In fact, the survey conducted
for this study asked approximately one-third of the respondents a pure user
value question (how much would they be willing to pay in higher entrance fees
per day for visibility at the Grand Canyon or other parks). The other two-
thirds of the respondents were asked how much they would be willing to pay at
most as a higher monthly electric power bill to preserve visibility first at
the Grand Canyon and second throughout the region as represented by photographs
of vistas at the Grand Canyon, Mesa Verde and-Zion National Parks (total pre=
servation value questions). Clearly, if total preservation value is much
larger than total user value, then existence value must be large.

During the summer of 1980, over six hundred people in Denver, Los Angeles,
Albuquerque and Chicago were shown sets of photographs depicting both clear
visibility conditions and regional haze conditions. Each set consisted of
5 photographs ranging from poor to excellent visibility. The middle picture in
each case approximated average visibility during the summer (the season of peak
visitation). The vistas were 3 different views from the Grand Canyon, 1 view
from Mesa Verde and 1 view from Zion. The 8 by 10 inch textured prints were
placed on display boards, each vista a separate row, and each row arranged with
5 photographs from left to right in ascending order of visual air quality (i.e.,
photograph A = *“poor” visibility and photograph E = “excellent” visibility).

The relationship between the five levels of visibility shown in the
photographs to regional emissions can be summarized as follows: if (1) all
controls on SO,for existing power plants in the region were removed; (2)
proposed power plants (through 1990) in the region were to emit S@ at the
maximum uncontrolled rate; (3) existing smelter emissions were held constant;
and (4) particulate emissions remain at current levels, visibility would then
decline from current average conditions (middle photographs) by one step to
the level presented in the photographs just to the left of center. Thus,
where the photographs can be described as representing “poor,” “below average,”
“average,'' “above average” and “excellent” visibility, complete decontrol of



S.ﬁz emissions by projected power plants in the region in 1990 would result in
a decrease in typical summer visibility from that which is represented in the
photographs as “average” visibility to that which is represented as “below
average' visibility. The calculations which form the basis of the relation-
ship between the levels of visibility which were shown in the photographs and
regional emissions are presented in Chapter 3.

The survey participants were asked either (1) how much they would be
willing to pay. for visibility as shown in the five sets of photographs from
worst to best on the day of a visit to the Grand Canyon (an estimate of user
value) or (2) how much they would be willing to pay in higher electric utility
bills to preserve the current average condition--middle picture--rather than
allow visibility to deteriorate, on the average, to the next worse condition
as represented in the photographs of the Grand Canyon or of the region (an
estimate of total preservation value). They were also asked about their
willingness to pay in the form of higher monthly electric power bills to pre-
vent a plume from being seen in a pristine area. To represent plume blight,
two photographs were taken from Grand Canyon National Park. Both photographs
are essentially identical except one has a plume, a narrow gray band, crossing
the entire vista in the sky. The source was not industrial or municipal pol-
lution but a controlled burn in the area around the Grand Canyon. However,
the effect was comparable to what a large uncontrolled industrial source might
produce.

The bidding game reveals the household’s willingness to pay for pre-
serving visibility in specific locations as represented in the photographs.
For the interviewees asked the preservation value questions in the survey,
the bids include both existence value and user value. Therefore, we concen-
trate on the preservation value section of the survey here, since user values
are included in the preservation estimates.

The surveying had few refusals, partly because of the nature of the
interviews. Typically, interviews were conducted in the late afternoon or
early evening hours in residential neighborhoods. Due to the large size of
the display boards, most interviews were conducted on the front lawn
of the respondent’'s home. Often, both husband and wife partici-
pated jointly in answering the questions. This was viewed as appropriate
since the principal question was “how much would you be willing to pay in
higher monthly electric utility bills to preserve visibility at the Grand
Canyon or in the entire Grand Canyon region?” Household members would
often engage in extensive discussion before giving a dollar amount. In=
dividual bids ranged from an average of $3.72 per month in Denver to $9.00
per month in Chicago for preserving visibility at the Grand Canyon.

These average bids were increased from $2.89 to $7.10 per month per household
in the four cities if visibility preservation was to be extended to the Grand
Canyon region as a whole. Prevention of a visible plume in the Grand Canyon

was worth on the average between $2.84 and $4.32 per month for the four cities
surveyed.

The. validity of these survey results depends on the perception by indi-
viduals of visibility conditions as represented by photographs. A linear



relationship has been shown to exist between perceived visibility as quantified
by individuals in a numerical one to ten ranking of visual air quality as
represented in an actual view and with the scientific measure of the apparent
contrast in the vista by a multiwavelength teleradiometer. This close linear
relationship between perception of an actual vista and the apparent contrast
of the vista also extends to perception of visibility conditions represented
by slides or 8" x 10” color photographs as is shown in the research presented
in Chapter 4.

The benefit estimates derived from the interview results can be extra-
polated from the sample population to the country as a whole by applying
statistical extrapolation techniques to the results of the survey. The bids
offered by interviewees to preserve visibility are statistically related to
income as well as other demographic characteristics. Using the estimated
linear relationship of bids to population characteristics, it is possible
to estimate the value of benefits to residents both for the entire Southwest
region and for the entire nation. This is done by substituting the average
value for these characteristics for each state into the relationship and
calculating the average value of the bid of a person in that state. This
value is then multiplied by the number of households in the state to get
a total bid or benefit.

When the analysis is performed for the southwestern U.S. (for residents
of California, Colorado, Arizona, Utah, Nevada, and New Mexico), the following
values are obtained.

Yearly Benefits from: Total ($mill ion)

Preserving Visibility at the
Grand Canyon 470

Preserving Visibility at the
Grand Canyon Region 889

Preventing Plume Blight at the
Grand Canyon 373

To estimate the aggregate national benefits for preserving visibility,
a similar analysis is done for the entire U.S. and the following values are
obtained.

Yearly Benefits from: Total (Smil lion)

Preserving Visibility at the
Grand Canyon 3,370

Preserving Visibility in the
Grand Canyon Region 5,760

Preventing Plume Blight at the
Grand Canyon 2,040



The benefits of preserving visibility can be related to emissions by noting
the following. Projected emissions with existing and currently planned levels
of S02 control would not produce a perceived decline in visibility in 1990
according to our calculations as shown in Chapter 3. However, complete decon-
trol of projected regional power plant emissions of S02 in 1990 would decrease
visibility by approximately the same amount as the decrease shown in the photo-
graphs which form the basis of the preservation value questions in the survey.
Thus, the regional benefit figure forms the base from which benefits from
power plant S02 controls, projected to be in place in 1990, are calculated.

Two modifications of the regional benefit figure are necessary. First,
benefits in 1990 must reflect the expected population levels in that year.
Second, the present value of future benefits, based on a thirty year power
plant 1ife and a 10 percent real discount rate which is consistent with the
Office of Management and Budget guidelines, must be determined. These modifi-
cations yield an annualized value of 7.6 billion dollars as the benefits of
power plant S02 controls.

The corresponding control costs, which include initial capital expendi-
tures, recurring expenditures and the regulatory system cost, are estimated to
be approximately three billion dollars annually. Therefore, estimated national
benefits exceed control costs and the proposed level of S02 control is not
without some economic justification.

Several other observations on the outcomes of the analysis of the inter-
view results are worth mentioning.

First, in the conventional view of the demand for environmental quality,
there is a smooth tradeoff between higher successive levels of environmental
quality and economic benefits, with successive units commanding less incremental
willingness to pay.

The survey respondents in the user portion of the study, however,
placed a much higher value on a small initial diminution in visual clarity
than on comparable subsequent decreases. This would produce a very unusual
upward sloping demand curve for visibility.

Second, again somewhat contrary to expectations, neither past nor pro-
spective visits to the Grand Canyon Region were shown to be important deter-
minants of preservation value. On the average those who had never seen the
Canyon valued it as highly as those who had.

Third, once more unexpected, distance from the region had no significant
relationship to the size of household bids. People in Chicago bid fully as
high as those closer by for preserving visibility at the Grand Canyon.

Fourth, whereas total annual preservation value of the Grand Canyon
Region for the nation approaches six billion dollars, user value is on the
order of tens of millions of dollars. Thus, existence value dominates the
benefits of preserving visibility.



Because the Grand Canyon is the dominant feature in a region with many
visitor attractions, one must be especially cautious in extending these
findings to other recreational attractions. It seems likely that there are
only a very few natural phenomena in the United States about which Americans
have such strong feelings. Obvious candidates for this short list would be
Old Faithful in Yellowstone National Park, Niagara Falls and perhaps a few
others.

The main conclusian of this study is that the magnitude of the annual
yearly benefits for preserving visibility when aggregated across households is
impressive: nearly one billion dollars in the southwest and about six billion
in the nation.

While these are necessarily rather crude extrapolations, the survey
results reveal that Americans place great value on preservation of air quality
in the Grand Canyon Region and that this valuation is not localized in the
southwest. Again, it is worth noting that pure existence value overwhelms
user value for the National Parks in the region.

The accuracy of these estimates, given the difficulty of quantifying en-
vironmental value in dollar terms, is probably on the order of plus or minus
50 percent. However, the methodology used must still be considered experimental.

The report is organized as follows: Chapter 1 presents the historical,
legal and institutional background for visibility protection. Chapter 2
describes the photographs of vistas in the National Parklands used in surveying
people in four metropolitan areas about the value of preserving visibility in
National Parks. Chapter 3 relates the levels of air quality shown in the
photographs to regional industrial emissions under three alternative scenarios.
Chapter 4 reports on a study of the relationship between perception of air
quality by direct observation as opposed to that presented in slides and photo-
graphs. Chapter 5 describes the economic theoretical basis for the survey
design, which is presented in Chapter 6. Chapter 7 gives the survey results
while Chapter 8 develops an aggregate benefit measure for preserving visibility
in the National Parklands of the southwest. The overall study thus brings
together work from atmospheric physics (Chapters 2 and 3), psychology and
sociology (Chapter 4), and economics (Chapters 5-8) to provide an estimate of
the benefits of preserving visibility in the Grand Canyon Region. Only with
knowledge of (1) how emissions affect visibility, (2) how people perceive
changes in visibility and (3) how people value changes in perceived visibility
in dollar terms can a valid estimate of such benefits be made.



CHAPTER 1
INTRODUCTION

A. Why This Study?

The nation needs to know how much visibility is worth in order to eval-
uate the benefits of air pollution control for the purpose of visibility pro-
tection. This study was designed to measure the economic value of preserving
visibility in the National Parklands of the Southwest.

B. The Value of Good Visibility to Society

Historically Americans have placed a high value on good visibility,
that is, the ability to see distant objects clearly. This yearning and
appreciation of atmospheric visual clarity is evidenced in the country’s early
literature and art, including the Journals of Lewis and Clark as well as the
masterpieces of the great American landscape artists of the 19th Century.
Today that love of visibility is demonstrated not only by the millions who
flock each year to our western parks, but also in the high prices brought by
those artists’ work of a century ago and by the interest in Ansel Adams’
simple, yet dramatically clear black and white photographs of Yosemite and
other wonders of the U.S. National Park Service.

Over the past 100 years, Congress has acted to preserve many of our
nation’s natural wonders. It did so by creating and continually expanding
the National Parks, National Wilderness Areas, National Monuments, National
Recreation Areas, and Wild and Scenic Rivers.

Since the 1950s there seems to have been an increasing concern that this
beauty is threatened by industrial development and population growth. Pollution
from coal-fired power plants became a special concern with the advent in 1963 of
the first unit of the Four Corners Power plant near Farmington, New Mexico. It
produced a plume that could be seen clearly for scores of kilometers, reducing the
the ‘clarity of the visual experience in areas of northwestern New Mexico,
southeastern Utah, southwestern Colorado and northeastern Arizona.

By the late 1960s and the early 70s, smog began to appear in Yosemite
Valley on warm summer days. Battles erupted over proposed coal-fired power
plants on the Kaiparowits Plateau and near Capitol Reef National Park and
Zion National Park, both in southern Utah. The increased publicity and concern
resulted in magazine and newspaper articles decrying the loss of visual clarity,
particularly in the western United States, and precipitated political
pressures in Congress for legislative steps to protect visibility. Those
pressures culminated in the August 1977 adoption by Congress of the nation’s
first specific visibility protection requirements for national parks and
national wilderness areas as amendments to the Clean Air Act of 1970.
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c. History of Federal Visibility Protection

The 1977 Clean Air Act Amendments

The increasing public concern about and Congressional interest in protecting
visibility resulted in specific visibility provisions-being included in the Clean
Air Act Amendment of 1977 (P.L.95-95; August 7, 1977). The House Commerce Com-
mittee in its report accompanying the amendments to the Clean Air Act, summarized
the Congressional intent as follows:

There are certain national lands, including national parks,
national monuments, national recreation areas, national primitive
areas, and national wilderness areas, in which protection of clean
air quality is obviously a critical national concern. In fact the
1916 National Parks Organic Act states the purpose of such lands
“is to conserve the scenery and the natural and historic objects
and the wildlife therein and to provide for the enjoyment of the
same in such a manner and by such means as will leave them unim-
paired for the enjoyment of future generations” (16 U.S.C.I).
Similarly, the 1964 Wilderness Act provides that wilderness areas:

Shall be administered in such manner as will leave them unimpaired
for future use and enjoyment as wilderness, and so as to provide
for the protection of these areas (and) the preservation of their
wilderness character. (16 U.S.C. 1131 (c))

In the Committee’s view, these unique national lands should
not be despoiled or heavily shrouded in dense industrial pollu-
tion. Indeed, the millions of Americans who travel thousands of
miles each year to visit Yosemite or the Grand Canyon or the
North Cascades will find little enjoyment if, for example, upon
reaching the Grand Canyon it is difficult if not impossible to
see across the great chasm. if that were to come to pass - and
several of our great national parks, including the Grand Canyon,
are threatened today by such a fate - the very values which
these unique areas were established to protect would be irre-
parably diminished, perhaps destroyed. Former Secretary of
Interior Rogers Morton recognized the value of these lands and
their threatened loss when in June 1973 speaking of the national
park lands in the southwest, he stated:

The scenic beauty of the rugged Southwest land-
scape, coupled with the clarity of the air in the
vicinity, are national assets of major importance,
worthy of protection for the enjoyment of future
generations of Americans.

Unless a policy of prevention of significant deterioration

of air quality provides special protection for these national
lands belonging to all Americans, their beauty may be lost
forever.



1980 Visibility Regulations

On Dec[ember 2, 1980, the Environmental Protection Agency promulgated
regulations ' to implement the Clean Air Act's visibility protection provisions.
Key provisions of these regulations include:

a) Phased Approach - The regulations recognize two distinct
types of air pollution which impair visibility:
1) smoke, dust, colored gas plumes or layered
haze emitted from stacks which obscure the
sky or horizon and are reasonably attribu-
table to a single source or a small group
of sources, called “plume blight”; and

2) widespread regionally homogeneous haze from
a multitude of sources which impairs visi-
bility in every direction over a large area,
called “regional haze.”

Because of “ certain scientific and technical

limitations EPA promulgated a phased

approach to visibility protection regulations.

Phase | ofithe program requires control of

impairment that can be traced to a single

existing stationary facility or small group

of stationary facilities.3

b) BART Analysis/Re-analysis and implementation
The States must perform a “Best Available Retrofit
Technology” (BART) analysis on any appl icable
existing source to which the State can reasonably
attribute (through visual observation or other
monitoring technique) visibility impairment in
any applicable Class | area or integral vista.
In the Bart Analysis, the States determine what
additional controls, if any, are needed on the
sources of existing impairment in order to remedy
or reduce the visibil ity impairment.

In this analysis, the States should consider the
cost of control, energy and environmental impacts
of control, air pollution controls already in
place at the source, the remaining useful life of
the source, and to what degree the control alter-
natives would improve visibility.

c) New Source Review - The regulation also requires the melding of
the visibility protection requirements of Section
165(d) with those of Section 169A, for purposes
of preventing new impairment resulting from pro-
posed major emitting facilities.
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Section 165(d) applies to air pollution impacts
within a Class | area and does not provide for
the balancing of economic, energy and other non-
air factors with air quality factors. Under
Section 169A, the States may weigh other factors,
such as economics, with protection of integral
vistas.

d) Long-Term’-'Strategy - The regulations require each applicable
State to develop and include in its State
Implementation Plan (SIP) a long-term (10 to 15
year) strategy for making reasonable progress
toward remedying existing and preventing future
visibility impairment.

In judging reasonable progress, the States may
weigh economics, energy, and other non-air qual ity
factors against improvements in air quality.

D. Issues

The overall issue is the value of visibility protection compared to the
cost, including air pollution control equipment and t he regulatory system. Part
of the value of visibility is economic, expressed in many ways such as the extra
price people pay for homes with good vistas and the price people pay to travel
long distances to see vistas with high visual air quality. A related issue is
what people see when they look at a vista. What instrument measurement and
visibility-related variables describe visibility in a way consistent with hu-
man perception? How should vistas be presented to people in order to question
them about the economic value of visibility? These issues are the subjects of
on-going research. This study is based on the most up-to-date understanding of
these issues, much of which was developed by our research efforts.

E. Organization of the Report

Chapter 2 describes the photographs of vistas in the National Parklands
used in surveying people in four metropolitan areas about the value of pre-
serving visibility in National Parks. Chapter 3 relates the levels of air
quality shown in the photographs to regional industrial emissions under three
alternative scenarios. Chapter 4 reports on a study of the relationship
between perception of air quality by direct observation as opposed to that pre-
sented in slides and photographs. Chapter 5 describes the economic basis for
the survey design, which is presented in Chapter 6. Chapter 7 gives the survey
results while Chapter 8 develops an aggregate benefit measure for preserving
visibility in the National Parklands of the Southwest. The overall study thus
brings together work from atmospheric physics (Chapters 2 and 3), psychology
and sociology (Chapter 4), and economics (Chapters 5-8) to provide an esti-
mate of the benefits of preserving visibility in the Grand Canyon Region.

Only with knowledge of (1) how emissions effect visibility, (2) how people
perceive changes in visibility and (3) how people value changes in perceived
visibility in dollar terms can a valid estimate of such benefits be made.
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Impairment - Visibility impairment is defined as “any humanly perceptible
change in visibility (visual range, contrast, coloration) from
that which would have existed under natural conditions.”

EPA has determined “. . . that the present mathematical models and moni-
toring techniques show promise for being used in regulatory manner. However,
these techniques must be further evaluated . . . .“ Teleradiometry and

photography are two visibility monitoring approaches that have been widely
used over the past three years.



CHAPTER 2

REPRESENTING VISIBILITY WITH PHOTOGRAPHS

A. Photographs Used In The Survey

During the summer of 1980, over 600 people in Denver, Los Angeles,
Albuquerque and Chicago were shown 5 sets of photographs depicting regional
haze, each set consisting of 5 photographs of a national park vista with
different visual air quality. The vistas are from Grand Canyon, Mesa Verde
and Zion National Parks. The observation sites, vista names and specifications
are given in Table 1. Summer visibility conditions were chosen for the survey
because it is the season of peak park visitation.

These photographs were placed on display boards as full frame 8 by 10 inch
textured prints, arranged from left to right in ascending order of visual air
quality with each vista a separate row (see Figure 1 representing visibility
at the Grand Canyon and F gure 2 representing visibility conditions throughout
the Grand Canyon Region). The participants were asked how much they would be
willing to pay for visibi ity as shown in the five sets of photographs.

Participants in the survey were also asked about their willingness to pay

to prevent a plume from being seen in a Class | area. Two photographs were
used, one with and the other without a plume. The photographs were taken from
Grand Canyon National Park at the Hopi firetower observation point and towards
Mt. Trumbull (west). These two photographs, shown in Figure 3, were both
taken at 9 a.m. so the lighting on the canyon wall and other features are the
same. Both photographs have the same light high cirrus ¢loud layer.
The plume is a narrow gray band crossing the entire vista in the sky, except
where it is in front of the top of Mt. Trumbull. We believe the source was a
controlled burn near the Grand Canyon. The photograph specifications are in
Table 2.

B. Data Base

The photographs were taken with a 35mm lens on single lens reflex auto-
matic exposure came-ras at Grand Canyon, Mesa Verde and Zion National Parks
during the periods shown in Table 1. These cameras are operated as part of the
photographic program in the EPA/NPS regional visibility monitoring network.
The network also provides teleradiometer measurements of the apparent green
contrast of targets viewed from these parks, from which standard visual range,
attenuation coefficient and other visibility-related variables are computed.
The apparent green contrast is measured on each slide with a manual multiwave-
length teleradiometer. To do so, the slide is projected on a screen and the
apparent green radiance N _ is measured on the target used in the network and
the adjacent sky. The apparent contrast C is computed with equation (2) from
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Table 1

Vistas for Survey

" Direction Target
Observation o Time of Day Distance -« Period
Park Site Vista (“true) (Local) (km) Photographed
Grand Canyon | Hopi Point Desert View 96 9AM 30 Oct. 79 to present
Grand Canyon | Hopi Point Trumbull Mt. 293 9AM 96 Oct. 79 to present
Grand Canyon | Hopi Point Trumbull Mt. 293 3PM 96 Oct. 79 to present
Mesa Verde Far View Shiprock and 208 9AM 68 to Oct. 79 to present
Visitor Center | Lukachukai Mts. Shiprock
130 to
Lukachukai
Mts.,Target
Number 1
Zion Lava Point Trumbull Mt. [ 90 10AM 105 July-November 1979
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Table 2

Photographs for Plume Question

Photograph Archive # Date T ime (MST) Cloud
without plume GC 395 27 Nov. 1979 8:50 a.m. Cirrus
with plume GC 405 28 Nov. 1979 9:20 a.m. Cirrus

Table 3
Target Specifications and Slides for Summer 1980 Survey
Photograph
Archive
Observation |Time of Day -1 . (
Target Site (local time) o uR[km ) r (km) Number Cr F(%) X¢p, %
Trumbul) Hopi Fire 9AM -.735 | .N0%27 96 GC 84 -oh 8 h.2)
Tower, GC 92, -.10 35 2.30
Grand Canyon Median - 12 50 1.92
GC 171 -.20 92 0.86
GL 268 -.26 93 0.34
GC 204 -.30 99.9 0.01
Trumbul! Hopi Fire 3PM -.8 .00927 9€ GC 519 -.08 9 2.94
Tower GC 102 -4 30 1.78
Grand Canyon Medlan -.17 50 1.37
GC s36 -.18 S5 1.25
GC 313 -.24 85 0,6s
GC 54s -.30 97 0.19
Desert View Hopi Flire GAM -.88 009349 30 GC 9 -.26 4 6.26
Tower GC 501 -.37 23 391
Grand Canyon GC 94 -4 b4 2.90
Medlan -.45 50 2.60
GC 3N -.59 90 0.80
GC 406 =71 99.1 0
.ukachuka | | Far View GAM -7 .009076 106 MV 54 -.02 3 4.89
ihiprock View) Visitor MV 48 -.04 8 3.59
Center, MV 133 -.08 32 2.28
Mesa Verde Hed | an -.10 50 1.86
My 234 -.14 89 1.22
MV 21 -.24 99.99 0.20
Trumbul | Lava Point , 10AM -.82 .009181 105 22 -.02 5.24
Zion z 16 -.07 2.85
Hed lan -.12 50 1.82
2 190 -.15 1.40
2 119 -.18 1.05
2 146 -.24 0.50

lumulative frequency (less than or equatl ) of occurrence of speci f led target apparent green cent rast

hHed ian of measurements taken during Summer 1979.
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Appendix A which gives a summary of the theory of visibility applicable to
this study.

It is important to know the frequency of occurrence of the photographed
visual air quality at each of the vistas. The cumulative frequency of the
apparent contrast of the official network target in each photograph is computed
from teleradiometer measurements taken during summer 1979 (see Table 3). The
5 photographs for each vista were chosen to have perceptible differences
(Maim, et al. 1980a), between adjacent pairs, and the middle photograph is
nearest the median visibility observed during summer 1979. Only the Mt. Trumbull

morning series is slightly skewed, with the observed median being closer to
the second photograph.
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CHAPTER 3

REGIONAL EMISSIONS AND VISIBILITY

A. Introduction

The principal objective of this study is to measure the benefits
of preserving visibility. However, benefit measures associated with ambient
air quality must be related to emissions by industrial sources so that a
comparison of benefits to control COStS can be made. This chapter, along
with Appendix A, provides the basis for relating benefits to industrial
emissions.

B. Relating Visibility to Emissions

The apparent target contrast, C, distance between the target and observer,
r, and inherent green contrast, C , of the target allow us to compute the mean
attenuation coefficient, a, of the sight path, using equation (11) from
Appendix A.
- Ling? ()
* 7T T

The mean attenuation coefficient comprises three parts, contributed by fine
particulate, NO2 and the normal gaseous constituents of air, so that

a . N .
- %fp O‘Noz *R (2)
‘here Yfp - fine particulate attenuationcoefficient (km-'),
ocNop = NO,attenuation coefficient (km )‘and
&RZ = sight path weighted Rayleigh attenuation coefficient (km-’).

Only the fine particulate is shown here, rather than total particulate, because
the fine particulate dominates the coarse particulate contribution to visi=-
bility (Macias, et al., 1979), except possibly in dust storms.

In order to evaluate the relative magnitude of o information is needed

NO
2

on its concentration in clean air and the attenuation per unit path length and

per unit concentration. The attenuation coefficient for a gas that absorbs

light much more than one that scatters light is given by:

a=A=a(C

where A = absorption coefficient (km-]), a = absorptivity (km'mole Iiter-])
and C = concentration (liter mole-’). Background concentrations of NO,in the
Southwest are about 6 parts per billion (Walther, et a]., 1978) and the absorp-
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tivity (Hall and Blacet, 1952) aghSSO_?m is 31.1 mole c]m , ]hence the NO
absorption coefficient is 8.310 ~ k -_]!n comparison, a typical Rayleigﬁ
attenuation coefficient is about 109km , over one magnitude larger. The
fine particulate attenuation coefficient is usually at least as large as the
Rayleigh attenuation coefficient (Maim, et al., 1980c), and hence also over
one magnitude larger than the NO, attenuation coefficient. Therefore, we
assume the nitrogen dioxide concentration is low enough, so that

O‘:‘mfp‘ +"~aR. (3)

Combining (1) and (2), we get
c

a-lln—p-
“p "R T F'TC

or
L
P lIn—o - a
fp Cr R (4)

We know a, for the sight path because we know the elevation of the observation
sites and ‘each target.

A constant of proportionality, k, between fine particulate attenuation
coefficient and concentration, was derived by others (Macias and Husar, 1976):

g = kxfp (5)
3)‘]

where k = 5-10-3km—](ugm- and

Xfp = fine particulate concentration (ugm-3).
In the EPA/NPS regional visibility network, standard visual range (SVR)
is computed with the relation

SVR = —=212 (6)
a-aR+.0]
Combining (3) and (6),
svp = 2212 (7)
afp + .01

and combining (5) and (7), we get the equation for k as a function of SVR and
X f:

1 3.912
T TSR 01 (8)
P )

k =
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From the EPA/NPS network, computations for 191ocationsover 6 seasons from
summer 1978 through fall 1979 indicate an_qveral 1 geometric mean standard visual
range of 165 km. If we assume X._ =3ugm ~° over the test region (to '“D"e q"ei‘cszed
in Chapter 2B) and time period, gﬁenuse of (8) leads to k = 4,6+ 10 (ugm

This agrees within 10% to the value found by Macias and Husar (1976).

Using airport observations in the southwest, NASN (National Air Sampling
Network) data, and emissions data, the rate of change of attenuation coefficient
with SO .amissions has been studied by Marians and Trijonis(1979).Wewill
define Such a change by the coefficient b:

b . dc:z/dESO '
2
Because we assume that fine particulate dominates the variation of attenuation
coefficient, then daf
P
da=dafp, so b = IE .
SO2

Solving for the change in fine particulate concentration as a function of changing
S 0,emissions,

d d
ep o0 L MLy

—————— =3

% 0 % O, fp

Marions and Trijonis(1979) found

do
—fe v 2410 3km ] (1000 tons SO,per day}1
dE
502
- -3, - dx - .
If we let k= 5010 k m'(ugm 3) ],then dEfP = 0.4 ugm 3 (1000tpd s 0,)!.
)

This rough relationship is used here with projected changes in the S0O,emission
inventory affecting the region to estimate the resulting change in fifRe particu-
late concentration. It is a rough relationship because the regression analysis
used to produce the coefficient does not take careful account of different
categories of sources, the various mechanisms by which these sources lead to
ambient fine particulate concentrations, and the resulting attenuation coefficient.

We can derive an estimate of the fine particulate concentration prevailing
in a picture. Combining (4) and (5), we get

11,0 _ = 9
Xfp © K(r '"’c_r' o) )
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Equation (9) is used to compute the fine particulate concentration we
expect to be associated with each photograph used in the survey, assuming the
particulate concentration is uniform throughout the vista.

c. Emission Scenarios

Now we want to develop scenarios of future anthropogenic effects on vis-
ibility in a test region defined as southern Utah, southwestern Colorado,
northern Arizona and.northwestern New Mexico (see Figure 4). One of the impor-
tant driving forces will be the increase in energy related activities, including
coal mining, coal combustion to generate electricity, coal conversion to liquid
and gaseous fuels and the diverse activities of new people moving into the
region.

All these activities create pollutant gases and particulate, some emitted
in the region and some transported into the region from similar activities
upwind. Fully recognizing the possibility that other sources may be more
important, we will arbitrarily simplify this complex set of sources and pollu-
tants by focusing on only coal-fired power plants, the S0,they emit and the
resulting sulfate fine particulate that affects visibility. This approach seems
justified in this specific test region because the proposals for coal-fired
power plants there far outweigh the proposals for other major sources of air
pollution in the same region (Walther and Comarow, 1979).

The scenarios are developed for sources that are proposed to be constructed
by 1990-1995, because information from various energy projections is available
only to this future time period.

Scenario O

There may be no appreciable change in S0,emissions (EPA, 1979; Mitre
Corp., 1979) because the increase in power plant emissions may be offset by the

decrease in smelter emissions. If we assume natural S0,emissions also do not
change, then we are led to a projection of no change in sulfate fine particu-
late. If we also assume that sulfate dominates fine particulate, then we pro-

ject no change in ambient fine particulate concentration, hence no change in
the attenuation coefficient of fine particulate. There would be no change in
apparent contrast of any target in the test region. This ‘no change’ scenario
provides no basis for asking people about the economic value of a regional
change in visibility related to energy development.

Scenario 1
In order to develop a scenario based on a definite change in em’issions, the
the smelter emissions contributing to the test region are assumed to remain

constant.

In the test region the current major sources of SO,are listed in Table
4. All these sources are coal-fired power plants.

The size is given as a range where various sources of information differ.
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Figure 4

Test Region
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Rio Arriba
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Washington
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Garfield
Wayne
Emery
Grand
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Table 4

Current Major SO,Emissions In Test Region

Su] ‘'ur Dioxide
Emissions
Power Control Leve | Rate (tons r day)
Name Locat ion nit () (%) ‘bSOZ/ 106BTU Control led Uncontrol led
Challa oseph City, AZ | 110-115 >90! 72443 22-40
2 250-270 >90! 7-1 22-40
Four
Corners drtland, NM 1 190 65 8.5-20.5 35
2 190 65 8.5-20.5 35
3 245 0 10-24 4o
4 718 0 90-160 160
5 718 0 90-160 160
Hunter
(Emery) astle Dale, UT ) OOEN)-MO(G) 80 7 26
2 | 00(n)-430(6) 80 35 26
lun(ingt.on2 Huntington, UT 1 400 80 21.5 26
2 s 80 215 26
Mohave wullhead city, AZ ] 820 0 40,46°,50°,64 40-64
2 820 0 40,46, s0,64 40-64
Navajo ‘age, AZ | 770 0 5216 | 46.72,55.7,,81.3 46.7-81.3
2 770 0 .5216 Zl6.7é,55 .“}'4,81.3 46.7-81.3
3 770 0 .5216 46.73,55.7 ,81.3 46.7 -81.3
Coronade | t. Johns, AZ 1| 50(n)-395(6) 66" 816 38 13
Reid
Gardner loapa, NV 1 110-130 80 16.7 83.3
2 110-130 80 16.7 83.3
3 | 110130 80 16.7 833
san Juan® | ‘ruitdand,nH ! 360 67 55 2 67
2 350 67.5 53 21 65
3 500 67 55 _— % 106
TOTALS 23 units 692- 10?4 1398-1587
= net rating = gross rating minus on site consumption of power

N
G = gross rating
*

= .8 of total flow Is controlled to 82 percent

Sources:
(1) Roberts,

level

edwin, 1980, phone communication to Arizona Public Service Company, June 30;

(2) Christian, John,

1980, personal communication to National Park Service, Air Quality Office, June 2; (3) Copeland, John 0. , 1979,
, phone communication to Salt Rive Project, July 9; and
(5) Syzedek, Laura, |930, persona | commun | cat ion to Nevada Power Company, June 19.

EPA memo to Steve Eigsti, July 17; (4) Noon, Don, 1




The two sizes are sometimes the net and gross ratings, respectively. Some refer
to maximum possible electrical output while others refer to the normal output.
These differences are small enough to neglect for the purpose of this study.
Each generating unit is listed separately because we must account for the great
variation of size, control equipment and SO,emissions that sometimes exists
between units of the same power plant.

The controlled emission rate of S0, is reasonably well known for these
sources. A list of units proposed to operate by 1990 is presented in Table 5.
The .projected SO, emissions for these units are not so readily available.
Each utilitycom[‘nany was requested to provide emissions by phone or letter if
there existed no report with the information.

Using the relations for do‘fp and dxfp , the increase in controlled SO,

dE dE
502 502

emissions will cause the concentration of fine particulate to increase by

bxgp = 0-19-0.20 ugm" 3

This change is small, but must be translated into the change in apparent con-
trast of specific targets in order to judge perceptibility. Perceptible

changes are required in order to ask people questions about their economic
willingness to pay to prevent such changes. Selected locations and targets

are listed in Table 6 along with the information used to compute contrast change.
Equation 4 is used in the form

= (kxg +oo)r
C.= Ce fp "RT

r

The change in the apparent green contrast between columns 7 and 8 of Table 6
cannot be perceived (Maim, et al., 1980a). This finding suggests that the addi-
tion of 392-410 tons of SO,per day to this region would be insignificant to

visibility. For comparison, the 1979 SO,emissions from copper smelters in
southern Arizona were 2400 tons per day, almost 5 times as much (Billings,
1980) . Another approach is to compute an artificially larger scenario that

causes a perceptible change in contrast which could be used in a questionnaire.

Scenario 2

The current and proposed power plants for the test region will be supposed
to emit S0,at the maximum possible uncontrolled rate. Direct particulate
emissions will continue to be controlled. The uncontrolled S .rwissions are
listed in Tables 4 and 5. The increased emissions would be 36%2-4327;3% per
day. These uncontrolled SO,emissions would cause Axf = 1.48-1.73ugm ~ over
the summer 1979 fine particulate concentrations Iiste(Pin Table 6. The changes
in apparent contrast shown in column 9 of Table 5 vary between .05 and .09, and
are perceptible changes (Maim, et al., 1980a).

The actual photographs used in the summer 1980 perception/economic survey
are listed in Table 3 with information on the target name, time of day, inherent
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Table 5

Major SOZSOUTCGS Proposed for Test Region by 1990

Suifur Dioxide

o Control Level S02 Emission Rate
_ (poundg 502 (tons per day)
Hame Unit Power {mw) b4 per 10°8TU) Control Ted Uncontrolled
Harry Al len' | 500 92 17 1 0 129
2 500 92 a7 10 129
3 500 92 a7 ID 129
b4 500 92 17 10 129
Green River | 000 90 2 25 250
Werner Valley’ | 250 92 17 5 65
2 250 92 17 5 65
Garfield | 400 90 2 10 100
Inter-Mountain 1 75083'820 ég; 90 2 18-20 184-200
2 —agg 38 % i%%g 184~200
3 75 - . - 184-200
/ RO .90 2 18-20 184-200
Hunter 3 400-430 30 2 10 100-106
4 400-430 90 2 10 100-106
Colorado 1 250 90 2 6 61
Cholla 3 242-289 90 .06- .07 2 20
4 350-375 90 .07 3, 30
5 350-375 90 .07 3 30
Coronado 2 350-395 66 8%-9 38%’%-&3 113-127
3 350-395 66 .87-9 18°1°-43 113-127
Springerville i 350 60 6 252"} 62.5
2 350 60 .6 S 62.5
3 350 84 25 10 61
Moon 1ake 800 90 2 20 200
san Juan 4 | 500 67 .55 3 106
Plains
Electric | 210 90 2 5 50
New Mexi co | 500 80 34 2 105
G.S. 2 500 80 .34 21 105
3 500 80 .34 21 105
4 500 80 34 21 105
Reid Gardner Iy 250-295 85 14-.1¢ 10 67
Totals 33 units 12,704-13,480 48 1-439 3328-3432

®only 80 percent of total flow is directed through wet scrubbers with 82 percent control

N = net

G= gross

Sources:

(1) Syzedek, Laura, 1980, persona | commun i cat ion to Nevada power company, June 19; (2) Energy impact

Associates, 1979, Update Re
and (4) Fleck, Lowell,

80

198
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rt; (3) Noon, Oon, 1980. phone communication to Salt Rive Prolect July 9;
phone communication t0 Tucson Electric Power company, July |
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contrast, Rayleigh attenuation coefficient, distance between the observer and

the target, archive number, apparent contrast measured with a teleradiometer
on the slide image projected on a screen, and the associated fine particulate
concentration.

The regional analysis of the change in visibility from the current (summer
1979) median to the 1990 uncontrolled S0, emissions used the slides listed in
Table 7, whose specifications are listed in Table 3.

“

D. Conclusions

The photographs collected in a regular photographic monitoring program over
a period of at least half a year are numerous and varied enough to provide sets
for surveying purposes. The photographs can be presented as slide images on a
screen (Maim, et al., 1980a) or as prints. The frequency of occurrence of each
photograph can be computed roughly from the photograph collection (Walther and
Carey, 1980) or from the set of teleradiometer measurements of the apparent
green contrast of a target in the scene. The apparent green contrast of the
target in each photograph differs from the adjacent photographs in its subset
by .02 to .12. These differences are perceptible, but they are not uniform
because the photographic monitoring period was not long enough to produce every
desired apparent contrast with the constraints of blue sky and no snow on the
target. Photographs with these constraints and with perceptibly different con-
trasts allowed people to be questioned about the economic value of different
visual air quality.

The locations of the EPA/NPS regional visibility monitoring program cameras
and teleradiometers constrained the region that could be chosen for the scenarios
of future changes that may affect visibility. The test region represents an
area where good visibility is probably necessary for the high social value
people place on the region’s many national parks and monuments. Coal-fired
power plants are the most numerous future sources of air pollution proposed for
this test region and they have been the most controversial air pollution sources
in the past history of this region. Because fine particulate is the single
most important kind of pollutant affecting visibility in this region (Waggoner,
et al., 1981) and because SO,emissions are the most important contribution to
fine particulate, (White and Roberts, 1977) visibility will here be directly
related to SO,emissions. This relationship was developed by others on the
basis of airport visibility observations and the SO,emission inventory his-
tory of the southwest (Marians and Trijonis, 1979). As such it is a rough
model, but it is consistent with the roughness of the economic information
obtained by asking:-people how much they would be willing to pay on their monthly
power bills to protect visibility.

One scenario of the future suggests no deterioration of visibility
because smelter S0O,emissions near the test region may decrease more than the
S 0,emissions may Increase from proposed coal-fired power plants. This scenario
provides no basis for the survey process. A second scenario based on the
actual SO,emissions expected from the proposed power plants suggests there will
be no perceptible deterioration of visibility, again providing no basis for a
survey. The third scenario is hypothetical, based on the totally uncontrolled
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Table 7

.. Slides in Regional
Uncontrolled SO0,Emissions

Scenario of

Slides
L i Target Current 1990 Scenario
ocation g Median Uncontrolled SO0,
Zion Trumbull Mt. Z190 z16
Mesa Verde Lukachukai 1 MV133 M V4 8
Grand Canyon Desert View GC94 GC501
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release of allS0, that can be created from the sulfur in the coal for both
existing and proposed power plants. The r,egression-based relationship of visi-
bility and SO, emissions iscombinedwiththishypotheticalscenario to compute
a percept ible“deteriorat ion of visibility from the middle photograph of each
vista to the next worse photograph. This change allows comparison of the
value of the visibility increment to the cost of air pollution equipment
needed to reduce the uncontrolled emissions to the actually projected level

of control.

DRI

All three scenarios of future S0,emissions in the test region should be
recomputed with the use of a long range transport model, allowing for: 1) the
transport of distant emissions into the region; 2) the chemistry of SO,con-
version to sulfate fine particulate; 3) the removal by dry and wet deposition
of pollutants affecting visibility; and 4) the inclusion of smelter and urban

emissions.
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CHAPTER 4

PERCEPTION OF VISIBILITY

A. Introduction

Valuing visibility in economic terms requires a clear understanding of
how people perceive visual air quality. This chapter summarizes our current
understanding of perception of visibility and presents some new results of
a study utilizing photographs similar to the ones used in the economics portion
of the study.

Visibility is commonly interpreted as visual range, which roughly
speaking, is the distance an observer would have to back away from a target
for it to disappear. Visual range cannot be measured directly, nor is it
necessarily representative of what an observer “sees.” More importantly,
visibility involves human perception of color, form and texture of near and
distant natural structures.

0. Summary of Perception Studies

Characterization of visibility involves a selection of physical vari-
ables that can be directly measured and correlated with human perception of
changes in visual air quality. Previous field experiments have examined the
relationships between physical parameters of visibility such as apparent tar-
get contrast, color contrast, sun angle, and human perception of changes in
those parameters (see Maim, et al., 1980a,1980b). These studies also ad-
dressed human perception of changes in air quality as presented in different
media, comparing observer judgments of color slides, color photographs, and
the actual scene as viewed on-site.

The original study which examined these variables was conducted by the
National Park Service {NPS) and Environmental Protection Agency (EPA) at
Canyonlands National Park during the summer of 1979 . Visitors to the fsland
in the Sky District of the park were asked to rate color slides representing
variations in air quality, sun angle, meteorological conditions, ground cover,
and landscape elements. It was assumed, a priori, that such variables would
be important factors affecting human perception of visual air quality. Thus,
these factors were specifically controlled so that the effect of changes in
air pollution on perceived visual air quality could be explicitly studied.

This approach may be contrasted to that of randomly sampling the joint occur-
rences of all of these variables and then, a _posteriori, attempting to separate
their effects by means of statistical regression procedures (Latimer, et al.,
1980) . Both approaches can make valid and valuable contributions to the under-
standing of visibility perception. Where a purely statistical approach may
have problems in explicitly extracting the targeted relationships between per
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ception of air quality and elect ro-optical parameters, it may achieve greater
generalization in predicting the effects of illumination and meteorological

conditions.

The study slides, all of the same scene, were chosen from over 1000 slides
taken throughout the previous year as a part of the NPS/EPA visibility moni-
toring program. At the time each slide was taken, teleradiometer readings of
apparent target contrast, color contrast, and various meteorological measure-
ments were made. Therefore, for each slide rated by visitors, the physical
and optical parameters of air quality were known. After viewing 10 preview
slides representing the full range of air quality conditions, visitorsrated
48 evaluation slides on a lto 10 scale, with 1 representing very poor visual
air quality and 10 representing very good visual air quality. Interspersed
with the 48 evaluation slides were 15 control slides used to determine the
precision with which each visitor used the rating scale. After rating the
slides, visitors completed a demographic questionnaire and were administered
a test for color-blindness. Finally, they entered a second room of the
survey trailer where they could view the La Sal Mountains through a window,
framed much like the slides. The visitors were then asked to rate the visual
air quality on that day as viewed through the window on the same 1 to 10 scale
used for rating the slides. A color slide and teleradiometer reading were
taken to correspond with each on-site rating. Later in the survey period,
these slides were shown to visitors, who again rated visual air quality on the
1 to 10 rating scale. Nearly 700 visitors completed the survey.

Studies similar to the Canyonlands study were conducted at Mesa Verde
and Grand Canyon National Parks during the summer of 1980. The differences
i nclude:

- Where the Canyonlands study used only one scene, the 1980
studies utilized several vistas located in different
national parks;

where the first study allowed visitors to rate a three
dimensional scene constrained by a window to mimic the
identical scene as viewed in the slides, the 1980 studies
allowed the visitor to rate physically unrestricted views
of a vista in the same general direction as the slides
were taken. These on-site ratings were then compared to
ratings (by other observers) of color slides;

- where the Canyonlands study reported results for all
visitors combined as a group, the later studies specifi-
cally investigated the effects of a number of social
and demographic characteristics on judgments of perceived
visual air quality;

where the 1979 study focused primarily on a determination
of a humanly perceptible amount of change in visual air
quality, the 1980 studies also examined social and economic
issues associated with changes in visual air quality;
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and, where the first study compared only visitors’ judgments
of changes in air quality shown in color slides and the
actual scene, the 1980 studies compared visitors’ judgments
of air quality represented in color slides, the actual
scenes, and color prints.

C. Study Results

Visitors used the 1 to 10 rating scale with precision, as is evidenced
by their ratings of the 15 control slides used in the Canyonlands study. The
control slide mean rating (CSMR) for 50, 100, or 300 observers varied by less
than .01 and the mean of their standard deviations varied by less than 0.4.
Similar analysis of the evaluation slides shows almost identical results.
Generally speaking, slides with extremely good or extremely poor visual air
quality were universally rated the same by all observers. Slides which repre-
sented intermediate levels of visual air quality were more difficult to rate;
control slide ratings indicated that some observers tended to be extremely
precise and consistent in their ratings while others had more difficulty in
using the rating scale. It is important to note, however, that the average
rating given each slide by a series of observers did not change when those
observers with a control slide standard deviation (CSSD) of greater than 1.0
were eliminated from the data set, nor did the introduction of more observers,
beyond approximately 50,change the average rating given each slide.

There was, however, an ordering effect when a slide representing average
visual air quality was preceded by a slide representing extremely good or
poor visual air quality. This effect was minimized by reversing the order
of the slides half-way through the study period. Thus, a slide that initially
followed an extremely good or poor slide, would be evaluated first, normal-
izing the overall slide ratings.

There seemed to be little or no difference in the way observers with
different demographic backgrounds used the rating scale. However, a Z-score
analysis was carried out to minimize the effect of variations between indivi-
dual observers. This Z-score analysis then allowed for calculation of
Indexes of Perceived Visual Air Quality (IPV's).

Figure 5 is a plot of mean IPV's versus apparent target contrast, Ca,
at 550nm (as measured by a multiwavelength teleradiometer) for clear skygays
(99 percent confidence limits around the mean is io-ll). The broken and
solid lines correspond to snow and tree covered scenes, respectively. It is
evident that the functional relationship between Perceived Visual Air Quality
(1PV) and contrast (Ca,) is linear. The correlation coefficients, significant
at the 99 percent cofilidencelevel, between IPV and £ for the six meteorolog-
ical and air quality conditions measured are presenteg in Table 8.
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index of Perceived Visual Alr Quality (iPV)

3.5

2.5

2.0

Figure 5

Clear Sky ,
® Morning [o*

® Afternoon R o

Snow on */
Mountain /

Snow free

.‘ Mauntain

0l 02 03 04 05 06

Green Contrast of Pine

Graph of the index o Perceived Visual Air Quality {IPV) as a function of apparent target (tree covered

portion of the La Sal Mountains) contrast for the clearsky condition.

The dotted and solid line are for

snow covered and snow free conditions, respectively while (¢ YAND (m) indicate slides that were taken
in the morning and afternoon, respectively.
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Table 8. Correlation Coefficients between I[PV and ¢

G
Clear Sky Cumulus Clouds Overcast Sky”
Snow covered mountain 0.93 0.93 0.94
Green mountain o 0.90 0.98 0.93

This functional relationship can be expressed as follows:
IPV = mC,+ b

where IPV is the Index of Perceived Visual Air Quality, CG is apparent target
contrast (tree covered mountain in this case), b is the y-intercept, and m

is an index indicating the sensitivity of a given vista to changes in air
pollution. The sensitivity of a vista to the impact of air pollution, then,
is the slope of the IPV vs C curve; the steeper the slope, the moresensi-
tive a vista is to incrementsl changes in air pollution. Upon comparison of
the slopes of the curves shown in Figures 5 , 6 and 7, it is clear that cumulus
clouds and overcast cloud conditions cause m to decrease; with m being the
lowest for the cumulus cloud condition. Clouds tend to obscure the effects
which increased air pollution has on perceived visual air quality.

Perceived visual air quality of a vista under clear sky conditions seems

to be most sensitive to changes in amounts of air pollution. In addition,
snow in a vista appears to increase the observer’s rating of visual air quality
for all sky conditions. It should be noted that even though an observer’s

rating of visual air quality increases with a snow covered mountain (indicating
greater scenic quality), the sensitivity of that vista to contrast change, and
thus air pollution, remains approximately the same for different meteorological
conditions.

It is important to understand that changes in apparent target contrast
due to increased air pollution are dependent on the amount of pollutants in
the existing atmosphere. In a clean atmosphere, a small increase in particu-

late concentration will cause a large decrease in contrast, while in a relatively

dirty atmosphere that same increase in particulate concentration may not be
perceptible. Figure 8 graphically shows the expected change ig contrast
resulting from additions of 2 micrograms per cubic meter {(ug/m ) fine particu-
late (0.1 w - 1.0 v diameter particles) to atmospheres containing approximately

O, 4, 8 and 18 ug/m°fine particulate as a function of vista distance. It has
been assumed that an attenuation coefficient of 0.01 km ‘is equivalent to a
fine particulate concentration of 2 pg/m. It is clear in all cases that the

cleaner the existing atmosphere, the more sensitive it is to an incremental
increase in particulate loading.

Also, as shown in Figure 8 , the maximum sensitivity to incremental in-
creases in air pollution occurs at a vista distance of about 60-100 kilometers
in a clean atmosphere. In an atmosphere containing 18ug/m particulate
this distance of maximum sensitivity decreases to 10 kilometers.
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Figure 6
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Same as Figure 5 but for cumulus cloud conditions.
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Same as Figure 5 but for overcast cloud conditions.

37



index of perceived visual air quality (iPVv)
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A plot of contrast change resulting from_an increase in
fine particulate concentration of 2 ug/m3 as a function

of vista distance for initial loadings of 0.0, 4, 8 and 18
ug/ms3.

Figure 9
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Graph of | PV versus change in overall vista color.
Indices of perceived visual qir quality presented in
this graph, were derived from visitor's ratings of

the morning and afternoon, snow, and no snow,
clear sky conditions.
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Results of the Canyonlands study also indicate that any increase in
color of the total vista results in increases in the IPV. The change in over-
all color contrast, AC.., for each slide was plotted against the | PV, indicating
the linearrelationship shown in Figure 9. The observer rated the visual air
quality of a scene in direct proportion to the amount of color present.

Sun angle plays an important role in vista color and observer’'s judg -
ments of visual air quality. Visitors were asked to rate a series of slides
of the La SaF Mountains which were taken starting at 8:00 a.m. and continuing
until 4:00 p.m. The air pollution as measured by a teleradiometer and an
integrating nephelometer remained unchanged throughout the day. The canyon
walls in the mid-foreground of the scene were in complete shadow at 8:00 a.m.
The color of the canyon walls continually increased as the day progressed and
the sun angle changed. As more color appeared in the scene, observers gave it
a higher rating of visual air quality. Figure 10 shows this relationship,
plotting the mean slide rating (raw score) for 50 observers as a function
of color contrast for the green portion of the La Sal Mountains. Time of day
is indicated next to each data point. During the course of the day, the con-
trast at 550nm actually decreased because of a decrease in inherent contrast,
while the mean rating of the slides increased. However, the relationship
between change in color contrast and perceived visual air quality remains lin-
ear. The correlation coefficient between these two variables is greater than
0.9, significant at the 99 percent confidence level. This relationship also
appears to be independent of the demographic characteristics of the observers.

Once these physical and perceptual relationships are established, it is
important to analyze the relationships between human perception of changes in
visual air qual ity as represented in different media. Do observers perceive
changes in visual air quality in an actual on-site situation with the same
precision as they would perceive the same amount of change as shown on a color
slide? In order to examine this question, visitors in the Canyonlands study
rated 40 slides that had been taken during on-site ratings earlier in the study
period. The optical and meteorological data for the approximately 400 on-site
ratings were inspected to locate cases representing sun angle, meteorological
and air pollution conditions as near as possible to those in each of the 40
slides. For some slides, several corresponding on-site ratings were found.

A student t-test was used to determine whether the slide ratings were statis-
tically different from on-site ratings. Since the test was applied to the null
hypothesis that the two samples being compared were drawn from the same popula-
tion, calculations were made to determine the probability of the difference be-
tween means of on-site and slide ratings having a value as large as, or greater
than observed. The null hypothesis being examined assumed that the two samples
belong to the same population, consequently, the two variance estimates must
not be significantly different. This hypothesis was examined by means of the
F-test.

Results of the comparisons are summarized in Table 9 while a scattergram
of the on-site and slide ratings is shown in Figure 11. The first column of
Table 9 gives the time that the slide was taken; it is also the time, +30 min-
utes, that the on-site ratings were made. Column two is a meteorological code
indicating the cloud cover present at the time the photograph was taken;
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Figure 10

8
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Difference in Color Contrast or
Green Contrast of Pine

Mean rating (raw scene) of a series of six slides that were taken of the
La Sal Mountains, starting at 8:00 A.M. and continuing until 5 P. M.,
as a function of color contrast change of the vista (0 ) or apparent
target green contrast of pine covered portion of the vista (e ).
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Table 9

Statistical Analysis of On Site and Slide Ratings
SkY Green Slides On Site Tests
Time Code  Con t. Nobs Mean SD  95%-CL Nobs Mean SD 95%-CL T T(Crit) F F(Crit)
1000 2 .34 22 3.1 1.6 .66 8 3.5 1.9 1.36 574 2.05 1451 2.4
1030 | 40 208 4.5 1.7 .24 13 4.5 1.5 .84 .080 1.96 1.274 2.1
1100 0 .38 45 3.8 1.2 37 10 4.5 1.4 .86 1.631} 2.00 1.273 2.8
1100 2 33 22 4.5 1.7 71 17 4.7 1.9 .94 .354 2.00 1.287 3.0
1130 | .36 45 L. 4 1.2 37 21 4.7 1.4 .60 .944 1.96 1.329 2.4
1130 2 .34 22 4.9 1.4 59 18 5.2 1.8 .86 523 2.00 1.696 2.8
1130 5 .34 22 4.8 1.3 57 9 4.8 1.6 1.04 “.041 2.05 1.446 3.35
1130 4 .19 22 3.7 1.1 48 9 4.3 1.1 .75 |.449 2.05 1.033 3.35
1330 2 30 208 6.5 1.8 .25 15 6.0 2.1 1.07 1.029 1.96 1.323 2.04
1330 2 .33 208 7.5 1.8 .25 23 7.5 1.1 45 .057 1.96 2.769 1.79
1400 0 .36 45 6.5 1.4 42 13 8.1 1.0 53 3.802 2.00 2.153 2.66
| 400 0 .35 160 7.5 1.6 .26 8 7.3 -9 .63 .438 }.96 3.258 2.51
1400 0 .35 160 6.7 1.7 .27 8 7.3 9 .63 .907 1.96 3.678 2.51
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0 = cloudless skies;1=no <clouds in the plane of the observer,sun, and yista;
2 = O to 1/3 cloud cover; 3 = 1/3 to 2/3 cloud cover; 4 = 2/3 to full cloud
cover; and 5 = overcast. Column three is the apparent target contrast at
550nm of a forested section of the La Sal Mountains on the day when the slide
was taken; it is also the apparent target contrast +0.01 of that same portion
of the vista on the days that the three dimensional-on-site ratings were made.
Columns four to seven are the number of observations, arithmetic mean, standard
deviation, and 95 percent confidence interval of the slide ratings, and columns
eight to eleven givé‘th'e same statistics for the on-site ratings. Columns
twelve and fourteen are the t and F statistic while columns thirteen and fif-
teen are the associated “critical” values which the t and F number should not
exceed for a 5 to 1 percent level of significance respectively. These calcula-
tions were carried out only if there were at least 8 on-site ratings.

An examination of the F-test shows that of 13 populations that were
compared, the F value exceeds its critical value 3 times. For the remaining
10 populations the difference between the variances is not significant at the
one percent level. Ifthe calculated t value is greater than the tabulated
critical value (5 percent level of significance), the null hypothesis is
rejected and the conclusion is that the difference between the on-site and slide
rating is significant. Or conversely, if the value of t is less than the
critical value it is concluded that there is no statistically significant
difference between on-site and slide ratings. In only one case is the calcu-
lated t value greater than its associated critical value. Thus, there are 9
comparisons of on-site versus slide ratings that show no significant difference
between their means.

The previous statistical tests do not prove that the means of on-site
and slide ratings are the same, only that they are not statistically different.
However, the analysis in conjunction with a fairly high correlation of 0.9 4
between the on-site and slide ratings and the close proximity of the data
points to the line that shows where they would fall if there were a one=-to-
one correspondence, seems to indicate that when the actual scene is confined
to the same form as that of the slides, slides are good substitutes for the
actual three dimensional scenes.

For research design purposes, itis also important to know if observers
perceive changes in visual air quality as shown in color prints with the same
precision as they perceive changes shown on color slides. [In the 1980 Grand
Canyon study, groups of observers were asked to rate sets of 30 randomly
ordered 8 X 10 inch color prints on a 1l to 10 scale. Two sets of photographs
were rated; one sett contained Mt. Trumbull scenes under differing ground
cover, meteorological and air quality conditions, while the other photographic
set contained Desert View scenes under varying meteorological and air quality
conditions (the Desert View data set did not contain any scenes with snow on
the ground). Groups of observers rated the sets of 30 color slides from which
the photographs were made. Mean ratings for all slides in each set were then
compared to the mean ratings for each color photograph for groups of at least
50 observers. Comparisons were made by regressing the slide-based ratings
(mean ratings on the 1 to 10 scale) on the ratings of the corresponding color
photographs. Again, the relationship is a positive one, as indicated by a
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simple correlation coefficient of .96, significant at the 99 percent confidence
level, between the slides and corresponding photographs used in the economic
analysis.

D. Conclusion

These positive relationships of human perception of changes in visual
air quality, whether viewed in a color slide, color print or on-site, allow
for different research methods. It appears that it may no longer be necessary
to conduct air quality perception research only in on-site situations. This
finding enables researchers to conduct air quality perception studies in
other environments throughout the country, with substantially’ reduced costs,
but more importantly, allows for a statistically random sample of observers
which is not possible in on-site studies. It is important that researchers
continue to examine these relationships in order to develop a valid model
for the prediction of air pollution and scenic quality effects on perceptions
of visual air quality.
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CHAPTER 5

MEASURING THE ECONOMIC VALUE OF VISIBILITY

A. Introduction

Visibility is a pure public good as described by Samuelson (1954). The
goal of Congress in passing the prevention of significant deterioration {PSD)
amendments to the Clean Air Act was, in great part, provision of visibility i n
the National Parklands. However, utilities and other industries have claimed,
quite correctly, that preservation of visibility (air quality) is costly. Do
the benefits of preservation justify these costs? The purpose of this chapter
is to provide a methodology for assessing the benefits of preserving visibi-
lity so that the question posed above can, in part, be answered.

Economists have used a number of techniques for valuing public goods.
These include, first, direct costing wherein, for example, benefits of air
pollution control could partly be measured as the reduced economic damage to
material (e.g., paint), vegetation (including agriculture) and health (e.g.,
inure productive workers). A second technique called the hedonic approach uses
an indirect method to value public goods by trying to associate changes in
market prices with changes in public goods across locations. Thus, urban pro-
perty value studies are typically utilized in areas of heavier air pollution.
One can get an indication of how people value clean air by looking at the pre-
mium paid for homes in clean air areas. Both of these methods are described
in detail by Freeman (1979) and M&ler (1974) but are not applicable to valuing
visibility in rural recreation areas such as the National Parklands of the
Southwest.

To develop value in such a situation, economists have turned to survey
methods . A large literature has developed around the use of survey techniques
in valuing visibility which includes, in part, early work by Randall, et al.
(1974) and Brookshire, et al. (1976), and more recently work by Rowe, et al.
(1980) and Brookshire, et al. (1980). This literature has been summarized in
Schulze, et al. (1981) so we will not go into great detail here. However, it
has been shown that-survey techniques do provide willingness to pay measures
for air quality in an urban setting (Los Angeles) consistent with results of
a hedonic property value analysis, lending support to the survey approach
(see Brookshire, et al. [19827]) . This last study is included as Appendix B.

Additionally, survey work with consumers has failed to show any evidence
of strategic bias (Schulze, etal. [1981]) in valuing public goods. This
result is in agreement with the work of Grether and Plott (1979) and Smith
(1978) which also failed to find evidence of strategic economic behavior in
experimental settings. A number of other biases which have long been recog-
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nized in the survey literature have been identified, but standard techniques
developed in the political science, psychology and sociology survey literature
have been employed to cope with them (see description of the survey procedure
in the next section).

B. The Theoretical Basis -The Economics of Preservation

The goal of the PSD regulations is preservation of the natural environ-
ment. An integral part of the environment of the national parklands of the
southwest is visibility, the ability to see both color and detail clearly over
long distances. It has been shown that human perception of visual air quality is
associated with the apparent color contrast of distant visual targets. A s
contrast is reduced, a scene “washes out” both in terms of color and in the
ability to see distant detail. Chapter 3 has related decreases in apparent
color contrast to air pollution, noting, of course, that only part of the
regional air quality situation is attributable to identifiable man-made air
pollution. Chapter 4 has quantified perception of visual air quality. We now
attempt to specify how people value preservation of perceived visual air quality.

The existing literature in environmental economics suggests that pre-
servation value has two possible components.

First, a scenic resource such as the Grand Canyon attracts large numbers
of recreators. The quality of the experience of these recreators depends in
great part on air quality, in that scenic vistas are an integral part of the
Grand Canyon “experience”. Thus, air quality at the Grand Canyon is valuable
to recreators. We might call this economic value, or willingness to pay for
air quality at the Grand Canyon that enhances the qual ity of the recreation
experience, user value. Thus, recreators in the National Parklands of the
Southwest should be willing to pay some amount to preserve air quality for each
day of their own use if their recreation experience is improved by good air
quality. Total annual user value is then, simply, the total number of annual
users times the average number of days spent in the parklands by each user per
year times the average value to users of preserving visibility per day. One
hypothetical market for collecting user value is an increase in entrance fees
to be used to finance preservation of air quality, i.e., purchase of air pol-
lution control equipment. Survey questionnaires can be designed to estimate
user value based on such a hypothetical market.

The second component of preservation value is termed existence value.
Individuals and households which may never visit the Grand Canyon may still
value visibility there simply because they wish to preserve a national
treasure. Visitors also may wish to know that the Grand Canyon retains rela-
tively pristine air quality even on days when they are not visiting the park.
Concern over preserving the Grand Canyon may be just as intense in New York
or Chicago as it is in nearby states and communities.

Thus, preservation value has two additive components, user value and
existence value. However, it is difficult to construct even a hypothetical
market to capture pure existence value. Rather one could imagine a lump sum
fee added., for example, to electric power bills to preserve air quality in the
Grand Canyon and the surrounding parklands. Such a hypothetical fee could
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capture total preservation value, the sum of existence plus user value, if
used aS the basis of @ survey questionnaire. In fact, the survey described
in the next chapter asked approximately one-third of the respondents a pure
user value question (how much would they be willing to pay in higher entrance
fees per day for visibility at the GrandCanyon or other parks) and the other
two-thirds of the respondents how much would they be willing to pay as

a higher monthly power bill to preserve visibility in the parklands, a total
preservation value question. Clearly, if total preservation value is much
larger than totaluSer value, then existence values must be large.

From an economic-theoretical perspective, consumer preferences can be
modeled as follows:

Let ¢ = color contrast (visibility) during a visit to the site

by a user household;

E= average color contrast over the year at the site;

V = number of visits per year by the household to the site;

D = distance of the household from the site;

m= cost per mile of travel;

Y = household income;

X = composite commodity;

g = quality of the visit,a function q(Cu) of visibility during
the visit;

R=49gq “v=quantity of recreation obtained at the site;

E = entrance fee per visit;

B = total lump sum preservation bid for visibility;

U = household utility, a quasi-concave increasing function

U(E,R,X,) of average yearly visibility, C, recreation at
the site, R, and consumption of the composite commodity, X.

In general, a household will wish to maximize utility,
u(C,R,X),
subject to the amount of retreation attained by visiting the site

R = q(Cu)V

which we assume is the productof the quality of the visit, a function of visi-
bility during the visit, C“j' and the number of visits, V. Additionally where
we take the price of the composite commodity as unity, the availability of the
composite commodity is

X=Y=8B-= (E +2mD)V

or income minus any lump sum bid for visibility, B, minus any expenditures
for visiting the site which are the sum of entrance fees, E, and travel costs,
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2mD, for each visit, V. Note, any costs other than travel costs could con-
ceptually be lumped with E. We take V, X, R, B, and E to be non-negative as
well.

To get at user value, wé will first take B to be identically equal to
zero. The first order condition for use, V, where we substitute the con-
straints into the wutility function is then:

URq‘- UX(E + 2mD) 0
Note that, with the terms rearranged, if
YR L E +2m
Ux q
then V = 0. In other words, if the sum of entrance fees plus travel costs

divided by quality (the r.h.s. above) exceeds the marginal rate of substitu-
tion between recreation and the composite commodity (the value of recreation
which is the l.h.s. above), then visitation is zero for the household. Note
then, that, where distance from the site, D, is large, V may well be zero,

a corner solution. Thus, someone from New York may never visit the Grand
Canyon and consequently have a zero user value as well. To show that user value
is zero if visitation is zero let us assume that the entrance fee, E, is a
function of visibility, Lf‘: , sowe have E(Cu). The consumer can then have a
first order condition over choice of CY by paying E(Cu). This condition is

. t 1 =
v (URq UxE )= o0.

If V>0, the user will then have
‘R,
U q = E'.
X

So E’ is a measure of marginal user value of visibility per visit. However,

i f V=0, the first order condition for" C ~Ts “satisfied without equality of
U.qg and U E’, so E' measures nothing, i.e., is of no relevance to the consumer.
Thus, logiéally, a change in entrance fees will measure marginal willingness
to pay for visibility in use only for users.

To get at total preservation value, let us fix entrance fees at E“ and
allow households to make a lump sum bid, B, for visibility at the site where
we also assume that CY=C. In other words, households assume that the ex=
pected visibility level for their visit, C*“, is the average visibility level ,
C. Since we have made the household utility function purely dependent on
visibility at the site, the marginal bid for better visibility (derived by
holding the utility level constant and totally differentiating the utility

function) takes the form
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where the term in brackets “a” is the pure marginal existence value and the
term in brackets “b” is marginal user value per visit (shown to be E’ above
for users if an entrance fee is collected for visibility). Thus, the lump sum
bid, B, '"collects' both existence value and user value from the household. B
is then a measure of preservation value. The survey questionnaire presented
in the next chapter attempts to estimate both E(C"ﬁ"and B(C) as defined above
and thus provides measures of user and total preservation value.

The model developed in the paragraphs above focuses on the difference
between pure user value and pure existence value. The notion of pure existence
value was put forward by Krutilla (1967) as an outgrowth of the notion of
option value developed by Weisbrod (1964). In particular, Weisbrod argued that
a potential user who might never actually visit a particular national park in
his lifetime might well be willing to pay to preserve the option of use over
that lifetime. This notion simply adjusts the concept of user value (as
developed in the model above) for uncertainty. In other words, a potential
user who might never make the trip to the Grand Canyon might be willing to pay
a kind of insurance premium to retain the option of future use. The notion of
pure existence value is, however, totally different from user or option value,
in that, knowledge of the continued existence of a pristine national park in
and of itself provides satisfaction. Thus, although option value might accrue
to individuals who might never visit the Grand Canyon, that value is still
based on potential use. Alternatively, existence value has no basis in actual
or potential use, rather only on knowledge of the continued preservation of
a unique resource such as the Grand Canyon.
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approach does not account for uncertainty over visibility conditions,
will suffice for our purposes here. A model incorporating uncertainty

would replace the user value notion with an option value measure.
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CHAPTER 6

SURVEY DESIGN

A. Introduction

The survey instrument addressed a multiple set of issues in the problem
of valuing visibility in the national parklands. First, the parklands are
unigue national treasures and part of the national heritage. Thus, the
parklands and their characteristics (i.e., visibility) might be valued by all
citizens, whether or not they have or ever will visit the area. The survey
instrument elicited valuations for actual users--in the national parklands.
Second, new and current industrial facilities in the southwest impact not only
specific parks but potentially could contribute to a regional deterioration of
visibility. The survey instrument as a result of this local versus regional
deterioration problem addressed the valuation of visibility in the Grand Canyon
as well as in a regional scenic setting which included Mesa Verde and Zion National
Parks. Figure 12 depicts a regional map showing the relative location of the
three national parks, and their proximity to a partial list of existing and pro-
posed industrial facilities in the southwest.

The following subsection will consider general aspects of the overall
questionnaire design. Later subsections will address the actual mechanics of
the valuation questions. Appendix C includes the complete survey instrument.

B. Survey Instrument Structure

The survey instrument follows, in general, the design that is set forth by
Randall et al. (1974) and Brookshireet al. (1976) . A hypothetical market is
established around a well defined nonmarketed good for the respondent and a
bidding vehicle is wutilized. However, rather than a suggested initiation
point for the bidding process, a set of columns representing varying amounts
are given to the respondent enabling him to check the appropriate bid. This
alleviates the potential for starting point bias as described in Brookshire
et al. (1976) and empirically observed in Rowe et al. (1980). No specific
mechanisms were incorporated into the questionnaire for other bias checks.

In general, biases have not been found to be a systematic problem in bidding
games. For a summary and analysis of bidding games in general and those ex-
ploring bias problems see Schulze et al. (1981).

Figure 13 presents the basic flow of information gathered by the survey
instrument. A brief introduction explaining the causes of poor visibility
and an explanation of the photographs of the Grand Canyon was presented to
each household. (See Chapter 2 for a complete discussion of the photographs.)
After the introduction, past and proposed future use by the household for the
Grand Canyon, Zion, Mesa Verde, Bryce, and Canyonlands National Parks was
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Figure 12

REGIONAL MAP
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2 San Juan Plant: Fruitiand,NM
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8. Garfield Power Plant (Utah)
7. Warner Power Plant (Utah)

Points of Interest
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from Mesa Verde
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E] from Grand Canyon
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Figure 13
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determined. Households were asked how many days in the last ten years they
visited and how many days in the next ten Years they anticipate visiting the

above listed National Parks. Two-thirds of the respondents were given the
preservation value questions (i.e., user plus existence values), while one=
third were given the user value sequence of questions. Every respondent was

asked at the conclusion of the valuation questions a set of demographic/economic
guestions: home zip code, education, age group, sex, size of household, whether
the respondent was primary income earner and income group.

The photograph sets utilized were presented to the respondents in a folding
display. All respondents were shown identical displays but the valuation pro-
cess was divided between user and preservation questions. In explaining the
photographs the following types of information were given to the respondent:

The Grand Canyon picture set displays a total of five levels of
visibility represented by Columns A through E and three vistas
from Hopi Point represented in the rows. Column A represents poor
visibility, B below average, C average visibility, D above average
and E good visibility. The rows in the picture display represent
morning and afternoon views from Hopi Point in the Grand Canyon.
The first row represents the different visibility and air quality
conditions looking east in the morning from Hopi Point. The second
row represents morning conditions looking west from Hopi Point. The
third row represents the view from Hopi Point in the afternoon
looking west.

The regional picture set display represents five different levels
of air quality from poor visibility, Column A, to good visibility,
Column E. The rows represent morning conditions for the Grand
‘Canyon, Mesa Verde and Zion National Parks. Row 1 looks out from
Hopi Point towards the east in the morning at the Grand Canyon.
Row 2 represents the vista from Mesa Verde at Far View Overlook
towards the south in the morning. Finally, Row 3 s atlLava Point
in Zion National Park looking southeast in the morning.

The Grand Canyon and regional picture set displays were utilized for user
and preservation value questions.

The plume analysis picture display represents two situations.

In Picture A no plume can be seen looking west from Hopi Point
in the Grand Canyon. Picture B is identical except that a plume
is visible. ~

Again both user and preservation value respondents utilized the same plume
picture display.

Three other general characteristies of the questionnaire are worth men=
tioning. First, after all user an d preservation value Grand Canyon and regional

bids were obtained, the respondent, if having bid zero, was asked the reason:
1) the air quality improvements represented in the columns were not significant,

2) the source of air pollution should be required to pay the costs of improving the
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air quality and 3) other (specify). Second, if the respondent stated

confusion as to the sources and causes of air pollution or to the veracity of
the photographs, a special verbal explanation was given to the respondent
explaining the sources and causes of air pollution in more technical detail.
This is presented as a supplement to the questionnaire in Ap_Dendix B. Jt .was
noted on the respondent’s questionnaire if this information was requested.

Final 1y, all respondents were shown the map in Figure 12. This was to supplement
the picture sets and verbal description in describing the regional nature of

the visibility problem. _

The areas sampled by the survey teams were chosen in a semi-random fashion
in that income class and racial composition were important factors in deter-
mining the sampled areas. Approximately one-third of the surveys were to be
taken from each of the following income classes; low, medium, and high. Also,
it was deemed desirable to obtain an appropriate mix of races representing the
average composition across America. Relying primarily on 1970 census tract
data it was determined that several areas satisfied the income and race
considerations. Thus the actual areas sampled were chosen essentially at
random. The out-dated nature of the 1970 data made on-site inspection of the
selected areas necessary, but we found the redistribution over the last decade
to be minimal. Tables 10, 11 and 12 describe in detail the areas sampled and

provide some relevant census tract data. Actual data of the sampled population
is given elsewhere.

Before the interviewing commenced, a pre-test of the questionnaire was
carried out in Laramie, Wyoming. This served to identify problems in
the questionnaire and train the interviewing teams. Due to the size of the
picture displays and possible reluctance of some respondents to be interviewed
by males, male - female teams administered the surveys.

In any interviewing procedure, care must be taken that the process of
sampling and interviewing does not introduce biases into the responses. Thus

log sheets were kept by each interviewing team detailing whether a household
contacted was: 1) not at home, 2) wished to be interviewed later or 3) refused

to be interviewed. This allows the final survey results to be checked for
non-respondent bias and a type of sampling bias.

Let us turn now to a more detailed look at the content and sequence of
user and preservation value questions focusing on specific information given

the respondent and the mechanisms utilized for eliciting a response.

Cc. User Value Questions

The user value questions asked respondents’ willingness to pay to
improve visibility in the Grand Canyon, willingness to pay to prevent a deteri-
oration of visibility from the current average for the Southwest region and
willingness to pay to prevent plume blight over the Grand Canyon.

The payment vehicle for the Grand Canyon user analysis was increments
in additional daily entrance fees. Respondents were told that all visitors
would end up paying the same total daily fee and further that all monies col-
lected would be used to finance the air quality improvements represented in the
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Table 10

Description of the areas sampled for the
National Park Survey Los Angeles County

Name of community Boundaries of the Census tract Hean Percent Percent
or area area sampled Numba rd i ncome BlackS other races
Santa Monica West:  Lincoln Blvd. 7022 11,924 1.6 5.2
North: Pico Blvd.
South: Ashland
East: 20th Street
Venice District west: Washington Blvd. 2733 7913 38.9 2.1
North:  Rose Ave.
South: Breoks Ave.
East:  6th Ave.
Venice District west:  Main Street 2736 9864 2.2 3.0
North: california Ave.
South :  Venice Blvd.
East: Lincoln Blvd.
Ing | ewcod west: Rosewood Ave. 6012.02 11,353 2 2.4
North: Arborvitae St.
South: Century Blvd.
East: La Brea Ave.
Ing) ewood West:  Wooster Ave. 7030 25,876 1.1 1.8
North:  §lauson Ave.
South: 62nd Street
East: char iton Ave.
San Marino West: Los Rabies Ave. 4641 34,992 .2 .6
North: Monterey Road
South : Huntington Dr.
East: Oak Knoll Ave.
Monrovia West:  Myrtle Ave. 4303 13,513 .2 7
North: Greystone Ave.
South: Lima Ave.
East: Shamrock Ave.
a. As defined in the maps of Block Statistics: Los Angeles - Long Beach, California, Urbanized Area:
1979 Census of Housing, U.S. Department of Commerce Bureau of the Census Publication HC{3)-18.
b. From Table P-4 '""lncomes Characteristics of the Population: 1970" in Census Tracts: Los Angeles ‘Long
Beach, California Standard Metropolitan Statistical Area: 1970 Census Of Population_and Housing, US.
Department of Commerce Publication PRC(1)- 11 /.
Cc. From Table p-1 General Characteristics of the Population: 1970, ibid.
d. Calculated from Table p-1, ibid.
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Table 11

Description of the areas sampled for the

National Park Survey: Albuquerque Metropolitan area.
Name of community Boundaries of the Census tract Mean Percent Percent
or area area sampled numbe .a incomeb  8lack® other races
Albuquerque ‘West:  William Street 13 4968 11.2 2.9

North: Stadium Blvd.
South: Woodward Road
East: i-25

Albuquerque ‘West: Rio Grande River 31 10,312 4 2.3
North:  Mon tano Road
South: Candelaria Road
East: San Isidro st. and
Guadalupe T.

Albuquerque Wes t: State Hwy. 448 24 7860 3.2 2.4
North: 1nterstate=-40
South: Bridge Blvd.
East: Coors Blvd. , Central Ave.,
and Rio Grande River

Albuquerque west:  8th St. and 5th St. 28 5919 79 4.7
North: interstate-40

South:  Lomas Blvd.

East. 8roadway N.E.

Albuquerque West: interstate-25 16 7161 2.0 5.0
North: ~ Grand Ave.

South: Haze Id ive Ave.

East: University B8lvd,

Albuquerque West: Carlisle Blvd. 5 10,833 .3 2.2
North: Lomas Blvd.

South: Zun i Road

East: San Pedro Dr.

Albuquerque West: Carlisle Blvd. 2.01 '2,25“ 1.1 1.2
North: Montgomery Blvd.
South : CandelariaRoad

East: Louisiana Blvd.
Albuquerque West:  San Pedro Or. 6.01 15.,613 2.1 7
North: interstate-40
South:  Lomas 61 vd .
East: interstate-40
Albuquerque West: Eubank Blvd. 1.02 12,432 1.5 1.2

North:  Candel ar ia Road
South: Indian school Road
East: Chelwood Park Blvd.

a. As defined in the maps of Block Statistics: Al buguerque, New Mexico, Urbani zed Area: 1970 Census of
Housing, U.S. pepartment of Commerce Bureau of the CensusPublication PHC(1) 5
b. From Table P-4 “ Income Characteristics of the Populat ion of 1970” in Census Tracts: Albuquerque, New

Mexico Standard Metropoli tan Statistical Area: |97O Census of Populat ion and Housing-, U.S. Department
of Commerce Publication PHC () - O .

c. From Table P-1 General Characteristics of the Population: 1970, ibid.

d. Calculated from Table P-1, ibid.
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Table 12

Description of the areas sampled for the
National Park Survey: The Denver Metropolitan area.

Name of community Boundaries of the Census tract Mean Percent Percent
or area area sampled number® i n comeP Black® other races
Denver East: York Blvd. 23 6582 83.1 1.7

South :  23rd Street
North: 32nd Street
West:  Downing Ave.

Denver East: Platte River 6 6547 .3 2.7
South: 19th Street
North:  Speer Blvd.
West: Federal Ave.

85

Denver East: (1-25) Vvalley 40.03 12,365 .3 7
South:  Hampden

North: Yale

West: Colorado Blvd.

Denver East: Colorado Blvd. 39.01 25,892 | 4
South :  Mississippi Blvd.

North: Alameda Blvd.

West: University Blvd.

a. As defined in the maps of, Census Tracts Denver, Colorado Standard Metropolitan Statistical Area: | 970
Census of Population and Housing, U.S. Department of Commerce Bureau of the Census Publication PHC(1)-56.

b. From Table P-4 “Income Characteristics of the Population: 1970,” ibid.
c. From Table P-1 “General Characteristics of the Population: 1970,” ibid.
d. Calculated from Table P-1, ibid.



pictures. After explaining the air quality problem in the Southwest region
(verbally and via pictures), the payment vehicle, and stating the mean payment
criteria, the respondent was asked to bid always comparing the proposed improved
air quality (i.e., Columns B or C or D or E) with the lowest air quality condi-
tions as represented in Column A on the picture display. Further, the respon-
dent was asked to assume, when bidding, that each photograph represented the
visibility on a day that he would be visiting the Grand Canyon National Park.
An example portion of the question presented to the respondent is:

This is Column A, representing very poor air quality and
visibility. Please indicate on your answer sheet how
much of an increase above the total daily park fees of
$2.00 per car load you would be willing to pay for your
household to improve the visibility to that shown in
Column B. Put a B next to the highest dollar amount you
would pay per day if you were visiting in question E5 on
your answer sheet.

While the bidding for Column B versus Column A was being conducted, all
other columns were covered up. The process continued for Column A versus
Column C etc., again the remaining unused columns were covered.

The regional user value questions varied only slightly from that of
the user value questions for the Grand Canyon. First, the picture set was
described earlier; second, entrance fees would be raised not just in the Grand
Canyon but throughout the national parklands in the Southwest. Finally, the
following additional information was provided:

If current emission standards are maintained, the
average conditions will be as seen in Column C. If,
however, current emission standards on existing and pro-
posed industrial facilities are relaxed or not enforced,
then average air quality and visibility in the region
will be represented as in Column B. As shown in Column
B a deterioration in visibility would occur in the Grand
Canyon, Zion and Mesa Verde National Parks. As a result,
conditions as presented in Columns C, D, and E will
occur less frequently. Conditions in Columns A and B
would occur more frequently. We would like to know how
much the maintenance of average regional air quality and
visibility is worth to you.

The bidding question presented to the respondents was then for pre-
venting a deterioration from the conditions represented in Column C to con-
ditions in Column B and thus shifting the frequency of occurence of all
conditions to a generally poorer level of visibility in the region. The
valuation question was as follows:

How much would you be willing to pay per day in addition
to existing park entrance fees for your household at the
Grand Canyon, Mesa Verde, or Zion National Parks to prevent
a deterioration in visibility in the region as represented
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in moving from Column C to Column B. [SHOW photographs AND
POINT TO COLUMNS C AND B FOR GRAND CANYON, MESA VERDE AND
ZION]. Assume that entrance fees would be raised throughout
the National Parks in the Southwest. Please put an R next
to the dollar amount closest to the highest increase in
daily entrance fees you would be willing to pay for your
household for a region-wide preservation in visibility for
guestion EG6.

Finally, the plume analysis addressed visibility problems other than
regional haze. The pictures utilized were discussed earlier. Again the bid
was in terms of daily entrance fees for the prevention of-plume blight while
visiting the Grand Canyon.

D. Preservation Value Analysis

The preservation value analysis varied only slightly from the user
analysis. First, the vehicle was an increase in monthly electric utility
bills. As in the user regional analysis the focus was on the possibility of a
shift in the frequency of occurrence of the various visibility conditions
represented by Columns A through E. In particular the following information
set the background for the bid:

Again, let us look at the photographs representing visual
air quality ranging from very poor in Column A to very
good in Column E for east and west views in the morning
and afternoon from Hopi Point. If current emission stan-
dards are maintained the average conditions will be as
seen in Column C. If, however, the current emission
standards for sulfur oxide are not enforced, then average
air quality and visibility in the region will become like
Column B. As a result, conditions as represented in
Columns C, D and E will occur less frequently. Conditions
in Columns A and B would occur more frequently in the
Grand Canyon. Such emission controls will likely make
electricity more expensive.

The specific bidding question given to the respondents was as follows:

We would like to know if you would be willing to pay
higher electric utility bills if the extra money collected
would be used for additional air pollution controls to
preserve cu-rrent air quality and visibility levels at the
Grand Canyon. How much extra would you be willing to pay
at most, per month as an increase in your electric utility
bill to preserve current average visibility as represented
in Column C rather than have the average deteriorate to
that shown in Column B? Please put an X next to the
highest amount you would be willing to pay per month for
your household on your answer sheet for question E 8 .
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The regional preservation value question also used electric utility
bills as the bidding vehicle, focused on a shift in the frequency of occurrence
from the current average in Column C to that in Column B and utilized the
regional picture set board discussed earlier.

A difference, however, between the structure of the regional user and
preservation value questions does exist. Recall that the regional user question
was a separate bid from that for preserving visibility just in the Grand
Canyon. The preservation regional question was a willingness to pay question
that asked how much more above and beyond the amount the respondent stated
when only bidding for visibility in the Grand Canyon.

Finally, the preservation value plume blight question mirrored that of
the user question except that the vehicle was increases in electric utility
bills. Again, this was for preserving, thus preventing plume blight over the
Grand Canyon.
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CHAPTER 7

SURVEY RESULTS

A. Introduction

In this chapter the results of the survey efforts described in Chapter
6 are presented and analyzed. Two groups of responses are analyzed. Survey
participants who answered questions concerning their willingness to pay
an entrance fee to the Grand Canyon National Park are called “user value
respondents.” Those who were asked questions concerning their willingness
to pay higher electric utility bills to preserve or improve air quality
in the Grand Canyon National Park and the surrounding region are referred
to as “preservation value respondents.”

Section B contains a discussion of various socio=economic and demographic
characteristics of the survey respondents. Section C presents a detailed
report of the findings of the user value component of the survey. The pre-
servation value findings are then presented in Section D.

B. Socio-economic and Demographic Characteristics of the Sample

There exists in each of the survey subsamples a substantial similarity
in gross demographic measures. These are presented in Tables 13a and 13b.
In both cases the Los Angeles and Denver groups are quite close in mean
years of formal education, age and income while the Albuquerque group
was on average younger, less well educated and received substantially
lower incomes. The Chic?go group consisted exclusively of preser-
vation value respondents and within this category occupied intermediate
positions in education and income. The Chicago respondents’ mean age was
slightly higher than that of any other city.

Within each city, the user value respondents tended to be younger,
better educated and the recipients of higher incomes than the preservation
value respondents. Visitation experience and plans of these respondents is
reported in Figure 14. An exception to this tendency is that in Denver user
value respondents reported a mean income slightly less than did existence
value respondents. The difference, though, is sufficiently small that it
warrants little discussion given the broad similarities observed.

All these measures, then, bear relationships to one another which enhance
their prima facie plausibility as the results of a representative survey of
United States citizens. The household size and electricity bills reported
similarly tend to confirm that an appropriate sample was selected.
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Table 13a

Socioeconomic characteristics of existence value
respondents by city (mean and standard deviation)

Number of Education Age Household size Income Elect. Bill
(number of
Respondents (years) (years) members) (x $1000) (dollars/month)
Albuquerque 115 13.60 38.60 3.23 19.02 36.78
(2.57) (14.47) (1.79) (11.61) (22.99)
Los Angeles 127 14.52 41.05 2.72 28.06 36.27
(2.21) (14.89) (1.70) (20.40) (25.79) i
Denver 110 14.76 40.84 2.54 30.57 58.41
(2.34) (14.61) (1.41) (20.64) (39.79)
Chicago 98 13.91 42.66 3.80 25.93 55.64
(2.39) (14.62) (1.97) (18.25) (40.65)
Table 13b
Socioeconomic characteristics of user value
respondent by city (mean and standard deviation)
Number of Education Age Household size Income Elect. Bill
(number of
Respondents (years) (years) members) (x $1000) (dollars/month)
Albuquerque 61 14.26 35.31 2.88 25.29 36.02
(2.29) (14.15) (1.52) (15.90) (17.24)
Los Angeles 60 14.90 36.60 2.98 30.77 42.53
(2.37) (13.06) (1.35) (20.59) (32.68)
Denver 45 15.02 37.11 3.09 30.14 47.67
(2.47) (15.36) (1.67) (15.89) (26.32)
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c. Value in Use to Visitors

The user value survey participants were asked to reveal the maximum
additional amount over the current $2.00daily fee they would be willing to
pay for daily admission to Grand Canyon National Park if this fee would be
used to maintain specified degrees of air quality. The question was phrased
as to ask the maximum total daily fee to maintain each of conditions B, C, D
and E over condition A, a situation with severely impaired visibility.

The mean and standard deviation of responses in each city are presented
in Figures 15a,15b and 15¢c. A notable feature of these results is the uni-
form display of what might be called increasing returns to scale in air quality.
In all three cities nearly half of the total bid for very high visibility was
an increase over only slightly diminished clarity. This seems to contradict
the conventional assertion that incremental improvements in air quality
would yield ever smaller benefits to viewers.

Instead, re serious thought must be given to what has been called the
Dubos Hypothesis. This argument holds that for “natural wonders” it is in
fact the pristine state that is valued, and that once any degradation has
taken place additional damage matters relatively little. The bids for air
guality preservation at the Grand Canyon certainly appear to be consistent
with this hypothesis, as does the decline in zero bids for greater improvements
in air quality. (Tables 14a and 14b present this information.) Were “not
significant” not the most frequently given reason for zero bids for the visi-
bility change one would regard this as unremarkable, but the fact that the
initial improvements are regarded as insignificant by most zero bidders is in
itself noteworthy.

The visitation experience of user value respondents for the Grand Canyon
is consistent across income groups and city of residence. Tables 15a and
15b present mean visitation during the previous ten years by city and income
class respectively. One intcresting aspect is that less than one day per ten
years separates the Los Angeles group (with the highest mean visitation) from
Denver (with the lowest) as is the similarity of visitation experience among
low, middle and high income groups.

As might be expected, use of other National Parks in the region varies
considerably among cities and income as well as among the parks themselves.
One suspects that a visit to Grand Canyon National Park is the central feature
of most parklands tours with trips to other parks and national monuments
reflecting any number of family characteristics such as length of vacation,
later destinations and knowledge of the region.

Visual quality in these other areas is apparently less valuable to users
than at the Grand Canyon. Figure 16a presents the mean bid of respondents to
avoid a regional decrease in average air quality from C to B. The mean regional
bid in Albuquerque was $.99 more than the comparable Grand Canyon bid, while
in Los Angeles and Denver the increases were $1.24 and $2.40 respectively.

Only among Denver respondents did the surrounding region rival the Grand
Canyon as a source of viewing pleasure. This might be a result of Denver
residents’ relatively heavy use of other parklands parks as presented in Table
15a.
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Sample size (humber of households) for Albuquerque,
Los Angeles and Denver is respectively, 61, 60 and 45.

66

Visibility Conditions

Visibility Conditions

Visibility Conditions



Table 14a
Zero bids by user value respondents for
specified visibility improvements, by city
(number of zero bids)

A+8 AC A-+D A+E
Albuguerque 10 6 4 2
Los Angeles 2 I | 1
Denver 12 8 6 4
Table t4b
Zero bids by reason among user val w respondents
o source shou Id
not_significant pay other total
Albuquerque 9 ) | 12
Los Ange les 1 0 2 3
Denver 3 2 2 7
Table 15a
Southwest Nat ional Park uss patterns (by city)
for user value respondents. (Number of days
at parks during previous ten years; mean and
standard deviation. )
Grand Canyon Zion Mesa Verde Bryce Others
A 1 buquerque 2.69 .47 1.73 52 2.08
(3.60) (1. o) (3.67) (1.35)  (391)
Los Angeles 3.28 1.77 1.35 1.65 3.20
(5.67) (4.05) (4.21) (4. 30) (5.99)
Denver 2.51 .80 2.24 1.29 6.27
(2.82) (1.44) (3.66) (2.36) (7.78)
Table 15b

Use patterns among user value respondents by income ¢ | asses
(Mean days in previous ten years)

G raod Can yon ~ Zion  Br yce  Mesa Verde
Low I ncome
(14,999 or less) 2.85 .78 .68 2.05
Middle i{ncome
(15,000 - 19,399) 2.98 1.26  1.47 1.33
High Income
(20,000 or more) 2.73 97 1.1 1.92
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Figure 186

<+~ Mean regional and plume avoidance bid
by user vaiue respondents, by city
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Denver user value respondents were also exceptional in their valuation
of plume blight. When asked to reveal the highest daily use fee they would

pay to avoid the presence of conspicuous Plume on the horizon, Albuquerque and
Los Angeles respondents offered a bid that averaged very close to the bid for
the maintenance of slight haze (situation D). In Denver the mean plume avoid-
ance bid was substantially higher than the bid for situation D. The plume
avoidance bids are depicted in Figure 16b.

D. Preservation Value .,

Preservation value respondents in each of the four cities were asked how
much they would be willing to pay as an increase in electric utility bills to
prevent average visibility declining from situation C to B.

While preservation value respondents were asked their visitation plans
and experience, no use was made of this information in the survey except that
respondents who had neither visited nor planned to visit the Grand Canyon were
forced into the preservation value group. Even so, a substantial portion of
the preservation value respondents in each city had visited the Grand Canyon
and a majority planned to visit. Figure 17 presents visitation experience and
plans for preservation value respondents in each city.

In Table 16 the mean number of days spent at various southwestern national
parks can be seen. No data is offered for the Chicago respondents since they
were asked simply whether they had visited Grand Canyon and whether they
planned such a trip. Among the respondents in the other cities the pattern is
much the same as for user value respondents except that the numbers are smaller,
as would be expected. Mean days of visitation at the Grand Canyon is approx-
imately the same in each city and Denver respondents had used “other” parks in
the region much more than did residents of Albuquerque and Los Angeles.

The bids of preservation value respondents, it must be remembered,
include both a user value and a pure existence value and thus would be expected
to exceed a comparable user value bid. The bids used in the user and pre-
servation value variants of the survey described here are sufficiently distinct
that some discussion seems appropriate.

The user value bids, it will be recalled, are formulated as daily
increases in entrance fees during a visit that is anticipated. The preserva-
tion value bids are to be paid whether or not the respondent actually uses
the Grand Canyon or surrounding parklands region. A user value bid comparable
to preservation value bids reported would be, then, the product of the daily
bid and average number of days per month the fee will be paid. Whether one
uses actual visitations in the past or declared intentions, the user value
will be insignificant compared to the preservation value bids reported in
Table 17. The Grand Canyon bids in this table are for the maintenance of
situation C as the average visibility condition. If the same relationships
held among preservation values for visibility as among user values, an increase
in visibility to situation E would more than double these bids. One hesitates
to assert that such is the case, but the consistency with which the Dubos
Effect was observed among user value bids requires at least a mention of this
possibility.

69



Figure 17

Grand Canyon visitation experience and expections
of preservation value respondents.
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Table 16
Southwest National Park use patterns (by city)

for preservation value respondents. (Number
of days at parks during previous ten years;
mean and standard deviation. )

Grand Canyon Zion Mesa Verde Bryce Others
Albuquerque 1.38 .35 .67 .28 1.79
(3.25) (1.93) (1.58)’ (1.15) (4.72)
Los Angeles 1.17 .83 .45 .68 1.65
(3.06) (1.90) (1.58) (1.72) (4.40)
Denver 1.11 .26 1.50 21 4.25
(2.62) (.69) (2.47) (.54) (6.40)
Table 17
Preservation value bids by city; mean and standard deviation ($)
Additional
for Plume
Grand Canyon Region Avoidance
Albuquerque 4.09 4.14 4.25
(11.68) (14.41) (13.42)
Los Angeles 5.14 4.50 2.84
(10.79) (10.32) (4.53)
Denver 3.72 2.89 2.89
(5,3]) (4.12) (4.54)
Chicago 9.06 7.10 4 .32
(30.49) (24.80) (13.77)
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The preservation value of clean air in the region appears to be sub-
stantial to residents of all four cities surveyed, as does the avoidance of
plumes. The regional bids presented in Table 17 are bids in addition to the
Grand Canyon bid. In an important sense, the plume avoidance bid is also an
additional bid since it addresses a separate issue.

The magnitude of these bids when compared to user value bids, especially
given the large portion of the respondents who reported an intention to visit
the Parklands region, -might cause some concern regarding the true apportion-
ment of user option value and pure existence value.

In Figures 18-20 mean bids are presented for respondents by city and by
visitation experience and plans. These partitions of the sample suggest that
visitation plans are not an overwhelming factor in determining bids and that
knowledge acquired through past visits is also of relatively little importance.

Among Albuquerque participants previous or planned travel to the Grand
Canyon is associated with larger bid differences than for any of the other
cities. This may be a result of Albuquerque’s proximity to the Grand Canyon.
That is, those who find such things attractive intend to visit the Grand
Canyon. The 25.8% of the Albuquerque sample that has no plans to visit the
Grand Canyon has the lowest average bid in every classification. A Grand
Canyon experience makes much less difference in the mean bid.

For both Grand Canyon and Parklands total bids the mean bid among Los
Angeles respondents was higher without experience or intention to see the
Grand Canyon, while visitation plans resulted in higher plume avoidance bids
and visitation experience in lower bids. This would seem to suggest a sub-
stantial pure existence value.

Past exposure to the Grand Canyon made very little difference in mean
Grand Canyon or regional bids in the Denver sample, while anticipated Grand
Canyon travel made a large difference in both these measures. The same was
true of plume avoidance bids, with travel plans being associated with sub-
stantially higher bids.

The Chicago group had the highest mean bid in every category and with
only one exception past or planned visits to the Grand Canyon resulted in a
lower mean bid., The exception is the Grand Canyon specific bid in which
respondents planning a visit made average bids slightly higher than did those
not planning a trip to the Grand Canyon.

One would have expected bids to decline with distance, and the substan-
tial margin by which the Chicago bids were higher remains a topic of interest.
In the next chapter it will be seen that even when adjustments are made for
the income and age of respondents, distance has little discernible effect on
bids to preserve air quality in the Grand Canyon.
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Figure 18
Mean Grand Canyon Bids of preservation value respondents.
by city and past and future visitation
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See Chapter 6 fot a“discussion of the survey procedures used and the
modifications adopted for the Chicago sample.

The name is taken from Rene Dubos who proposed that as the environment
deteriorates people care less and less about further deterioration. In
other words, people put a special value on pristine environmental

conditions.
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CHAPTER 8
AGGREGATE BENEFITS OF PRESERVING VISIBILITY

A. Introduction

This chapter will present aggregate benefit estimates for preserving
visibility in the Grand Canyon and the southwest region as a whole. As
discussed, the survey enabled revelation of the household’s willingness to pay
for preserving and/or improving visibility in specific parks of the Grand
Canyon Region. Recall the bids stated by respondents in the preservation
value section of the survey encompass both pure existence value and user’s
valuation of preserving visibility. Therefore, to estimate the visibility
preservation benefits, it suffices to concentrate on and work with the preser-
vation value section of the survey.

The benefits in question can be estimated by applying statistical tech-
nigues to the results of the survey conducted for this study. It can be
hypothesized that the amount of the bids offered by interviewees to preserve
and/or improve visibility in the areas where the survey focused is a function
of certain relevant independent variables such as income, age, race and
distance from a national park. Utilizing such a relationship we can estimate
the benefits to residents of the southwest region as well as the entire nation
resulting from the preservation of visibility in the Grand Canyon National
Park and Parklands Region.”

B. Estimating the Benefit Function for the Southwest

In estimating an individual mean dollar benefit function, certain char-
acteristics of the sample population should be considered in that the cities
of Los Angeles, Albuquerque, Denver and Chicago are not homogeneous. That is, in
order to aggregate across all populations the demographic and economic profile
of each city must be considered. Thus we hypothesize that a household bid is
a function of family income, age of the family head, race, the household’s dis-
tance from a national park and an error term.

To estimate the benefits to residents of the Southwestern U.S. (con-
sisting of the following states: California, Colorado, Arizona, Utah, Nevada,
and New Mexico) of preserving visibility in national parks three benefit
functions have been estimated utilizing the Albuquerque, Denver, and Los
Angeles data. Table 18 summarizes the estimated benefit functions. A brief
analysis of the results follows.
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Table 18

Benefit Functions Estimated from
Albuquerque, Denver, and Los Angeles Data

Bid for Race Number
Preserving Income Age (Wh[te = 1) Distance 2 of
Visibility ($) Constant [$1000) (years) (nonwhite - 0) {mi les) R QObservat_ions
Grand Canyon 9.19 .05 -.14 2.03 -.0037
Y (b.23)2 .(1.79) (-4.01) (1.69) (-1.2) N6 352
Region
(Grand Canyon, 18.11 .103 -.26 3.69 -.0088 05 359
Mesa Verde and (4.11) (1.79) (-3.7) (1.52) (-1.46) .
Zion)
Plums Blight
8.67 .0014 -.12 1.03 -.0021
over the Grand (k. 54) {.06) (-4.02) (.97 (-.81) -05 352
Canyon

at-statistics in parentheses

As Table 18 indicates, the relationship between income, age, race, distance
and the amount of bid-offered is as expected. Higher levels of income should,
normally, raise the amount of bid offered. Age contributes in a negative
manner in all bid equations implying the young are seemingly more concerned
with air quality problems in” the area. Since “whites,” on average, fall

in the “higher brackets” of income and education distribution in the United
States compared to “nonwhites,” it is reasonable to expect higher bids from
whites than nonwhites. In addition, it is likely that “race” captures other
social and cultural characteristics which are not easily observable. The rela-
tively low t-statistic possibly reflects a substantial diversity within each
of the “white” and “nonwhite” groups. The negative relationship between dis-
tance and the amount of bid offered indicates that the greater the distance
from the national parks, the less their overall bid, However, the relationship
between distance and the amount of bid offered is not strongly significant.
Furthermore, as it will be seen shortly this result does not appear consistﬁntly
in all of the analysis. Note also that the coefficient of determination (R )
in all three benefit equations reported in Table 18 is extremely low. This
indicates that there may be other important independent variables that affect
the bidding behavior of the households, but which have not been accounted for
in this study.

Nevertheless, it is possible to estimate the aggregate benefits accruing
to the Southwest region of the United States from preserving visibility in the
Grand Canyon National Park area. Let us first consider the benefit equation
for the Grand Canyon (Row 1, Table 18). This equation indicates that if the
average family income, average age of the head of households, ratio of white
and nonwhites and the distance to the Grand Canyon from a particular state,
say Arizona, is substituted in the equation, then the amount of bid an average
household in Arizona would offer to preserve the visibility in the Grand
Canyon would be estimated. Then if the benefit measure so estimated is multi-
plied by the number of households in the state of Arizona, the total amount of
money that the entire population of Arizona would be willing to pay to preserve
visibility in the Grand Canyon National Park is estimated. Following a similar
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procedure, it is possible to est mate the aggregate benefits for the remaining

five states in the Southwest reg on, and hence, the aggregate benefits to the
Southwest region is estimated.

As Table 19 indicates, the aggregate benefits for the Southwestern region
from preserving visibility in the Grand Canyon National Park, the encompassing
region (Grand Canyon, Mesa Verde, and Zion) and for avoiding plume blightover
the Grand Canyon is respectively $466 million, $889 million, and $373million.

‘s

Table 19

Annual Aggregate Benefits for the
Southwest Region

Benefits for Preserving Visibility

TOTAL (3 Millions)
in the:

Grand Canyon 466

The Region®-
Grand Canyon, Mesa 889
Verde and Zion
National Parks

, Avoidance of Plume Blight 373

‘Benefits for the region include benefits for the Grand Canyon

c. Estimating Benefit Functions for the Nation

To estimate the aggregate national benefits from preserving visibility
in the Grand Canyon National Park, surrounding region and for avoidance of
plume blight, benefit functions in Table 20 are re-estimated, utilizing
the interview data from Albuquerque, Denver, Los Angeles, and Chicago. Thus
the principal difference will be the influence of the bids obtained from
respondents in Chicago. Table 20 summarizes the re-estimated benefit func-
tions which will be used to estimate the aggregate national benefits of pre-
serving visibility.

Table 20
Benefi t Functions Estimated from Albuquerque
Denver, Los Angeles, and Chicago Data

Bid for Race Number
Preserving 1 ncome Age (white = 1) Distance 2 of
Visibility ($) Constant ($1000) (years) (nonwhite = 0) (miles) R Observat i0Ons
Grand Canyon 8.36 .047 -.15 1.14 .0004 05 150
(4.76) (1.76) (-4.59) (1.02) (-39)
Region
(Grand Canyon, 15. 46 i -.29 2.29 .0004 05 450
Hesa Verde and (4.41) (2.12) (-4.44) (1.04) (.19) .
Zion)
Avoidance of
Plume 8light 8.6 -.003 -.15 1.14 -.00014 05 450
over the Grand (5.22) (-1.78) (-4.6) (v.02) (-. 16)
Canyon

a
t-statistics in parentheses
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The benefit functions reported in Table 20 are for the most part
similar to, and consistent with, the benefit equations obtained from the sub=-
sample of the Albuquerque, Denver, Los Angeles interviews reported in Table
18. Examination of Tables 18 and 20 reveal that the degree of signifi-
cance of income is consistent in both sets of equations. Note that the
significance of income in the “plume” benefit equation is lower than the
other two equations in both Tables. Age remains strongly significant and
consistent in the two sets of equations. The behavior of the variable “white/
nonwhite” is very similar to that of the income. The direction of the rela-
tionship is consistent; so is the degree of significance among the benefit
equations of each table as well as between the two tables. The only major
difference is the relationship between distance and the amount of bid offered
when the Chicago interviews are not included (Table 18) and included (Table

20). The direction of the relationship reverses itself from negative to
positive when the Chicago data is added to the sample (except for the “plume”
equation) . Furthermore, significance level for the distance variable fails to

be consistent. Without the Chicago data, distance is relatively more signifi-
cant (except in the “plume’s” benefit equation); after the Chicago data is
added, the direction of relationship of this variable changes and it also
fails to be significantly related to the amount of bid. Nevertheless, it is
convincing to note that other than for the distance variable, when the sample
size is increased by some 21%, (as Chicago data is added to the sample), the
relationships remain consistent and stable.

The aggregate national benefit estimation procedure is identical with the
procedure employed in the previous pages to estimate the benefits to the
Southwest region. Aggregate benefits to all states (except Alaska and Hawaii,
but with the addition of the District of Columbia) have been summed to arrive
at the national aggregate benefits from preserving visibility. Table 21
summarizes the aggregate national benefits.

The benefits of preserving visibility for the Southwest and the Nation
can be related to emissions by noting the following. Projected emissions
with currently planned levels of SO,controls would not produce a perceivable
decline in visibility in 1990 accoriig to the calculations from Chapter 3.
However, complete decontrol of projected regional power plant emissions of
S0,in 1990 would decrease visibility by approximately the same amount as
shown in the photographs which form the basis of these benefit estimates.
Thus, one can interpret the aggregate bids to preserve regional visibility as
the projected benefits of power plant SO,controls in 1990.

The annual figures presented in Tables 19 and 21 represent benefits to
the Southwest and the nation for preservation of visibility in 1980. In order
to obtain benefit estimates for 1990 power plant controls two modifications
are required. First, the benefit figures are adjusted by the expected popula-
tion growth over the next decade. Bureau of Census estimates “
tion growth of approximately one percent per year is expected.” ~~ 777 <R "PHéa-
present value of future benefits must be calculated. Assuming a thirty year
life span for power generating plants and real rates of discount of 3, 6, and
9 percent, Table 22 summarizes the present discounted value of future benefits
in constant 1980 dollars to the Southwest region and the entire nation from
preserving visibility in the Grand Canyon National Park and the Parklands region.
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Table 21

Annual Aggregate National Benefits from Preserving
Visibility in the Grand Canyon National Park

Benefits from TOTAL ($ Millions)
The Grand Canyon 3,370
The Region - Grand
Canyon, Mesa Verde, 5,760
and Zion

Avoidance of Plume over

2,040
the Grand Canyon

The nine percent real discount rate case corresponds to a ten percent
discount rate and a continued one percent growth in population. This case is
therefore consistent with the Office of Management and Budget discount rate
guidelines (10 percent) for assessment of future benefits. Thus, the nine

percent case seems the most apropos for comparison to the associated pollution
control costs.

The comparison between benefits and costs can either be completed in
present value or annual terms. USUing the latter method requires annualization
of the present value figures reported in Table 22. Focusing on the nine percent
discount rate case and uSing a capital recovery factor based on a ten percent
rate of interest the relevant annualized benefits for preservation of regional

visibility arg $1.173 billion and $7.6 billion for the southwest and nation,
respectively.

Clearly, preserving visibility in the Grand Canyon National Park region
also entails certain costs. These include capital expenditures for SO,
removal equipment, recurring annual expenditures and the cost of the regulatory
system. The capital expenditures associated with S removal for all current
and proposed power plants in the region (see Tables and 5 for listing) are
estimated to be approximately $5.3 billion or between 270 and 560 million
dollars pef year for real interest rates of three and ten percent and a thirty

year life. In addition, the recurring annual expenditures are estimated to
be 2 billion dollars per year. Final éy, the regulatory system cost is approxi-
mately .534 billion dollars per year. Therefore, total costs of currently

planned SO., aantrols for the region are between 2.8 and 3.1 billion dollars
annually (%980 dollars). Therefore, national benefits ($7.6 billion annually)
exceed the total control costs and these approximate values indicate that the
currently proposed level of control on S0, emissions are not without some
economic justification.
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Table 22
Present value of future benefits
assuming thirty year life span for power
generating plants (in § Million)

Benefits to” the Southwest from Discount Rate

preserving visibility in 3% 6% %
The Region - Grand Canyon, Mesa 20 209 14,484 11.060
Verde and‘Zion National Parks ' '
] ] Discount Rate
Benefits to the Nation from
preserving visibility in 3% 6% 9%
The Region - Grand Canyon, Mesa 130.957 93,860 71,667

Verde and Zion National Parks

32




D. Summary

There are three especially noteworthy observations which emerge from the
above analysis in Chapters 7 and 8: 1) contrary to conventional thinking,
survey respondents “placed a much higher value on higher levels of visual
clarity than on comparable subsequent decreases; 2) neither past nor anticipated
journeys to the Grand Canyon seemed to be important determinants of preservation
value; and 3) distance from the Grand Canyon had little statistical significance
in explaining the madnitude of household bids.

Because the Grand canyon iS the dominant feature in a region with many
visitor attractions, one must be especially cautious in extending these

findings to other recreational attractions. It seems likely that there are
only a very few natural phenomena in the United States about which Americans
have such strong feelings. Obvious candidates for this short list would be

Old Faithful (in Yellowstone National Park), and Niagara Falls.

The magnitude of the annual benefits for the region when aggregated
across households is impressive: $889 million in the Southwest and $5.76
billion in the nation. The present value of these benefits streams over
thirty years, discounted at a 3 percent real rate, would be $20.2 billion and
$131 billion, respectively.

In sum, the survey results revealed that Americans place great value on
the preservation of air quality in the Parklands Region and that this valu-
ation is not localized to residents in the Southwest. Further, it was found
that pure existence value overwhelms a substantial user value for the national
parks in the region.

Two qualifications are important in interpreting these results.

First, the accuracy of the survey techniques used in this study to esti-
mate the benefits of preserving visibility in the Grand Canyon Region can be
judged by comparison to other methodologies. Such comparisons suggest that
all available techniques including survey methods, property value, wage and
travel cost studies, are subject to errors of about plus or minus 50 percent
(see Appendix B). It is inherently difficult to quantify environmental values
in dollar terms, but available evidence indicates that the several techniques
available all yield the same order of magnitude of benefits estimates when
applied to the same problem.

Second, the principal benefits of preserving visibility in the Grand
Canyon Region as estimated in this study, derive from the apparent desire of
Americans to preserve a national treasure, whether or not they intend to visit
or use the region themselves. Economists have termed this type of value
“existence value.” To our knowledge, this is the first study attempting to
estimate existence values per se. Thus, the methodology used in this study
should be viewed as experimental.
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APPENDIX A

Theory of Visibility "'~

This discussion is limited to those aspects of visibility addressed in
this study. More complete treatments can be found in Middleton (1952) and
McCartney (1976). The discussion covers the optics of visibility, and the
contributing role of specific gaseous and aerosol pollutants and the modeling
of visibility.

1) Optics of Visibility

A person sees by the light reaching his eyes from objects. Light is
electromagnetic radiation with wavelengths capable of stimulating the receptors
in human eyes, covering the range of approximately 0.38 to 0.77 um. The amount
of light energy per unit time received per unit area of detector, per unit
solid angle field of view of the detector and per unit wavelength interval at
a specific wavelength (see Figure Al) is called spectral radiance, N. This
spectral radiance is called inherent radiance, N,if the detector is located
at distance, r, from the object. The contrast of a target against its back-
ground, usually the sky. As with radiance, contrast can be described as inher-
ent or apparent, depending on the distance between the observer and the target.
Inherent spectral contrast Co, is defined as:

N
=tNo-so
N
s o

and apparent spectral contrast, C, is defined as:

T

_ tNI‘ - SNF

ro N
s'r

where tNo = inherentspectral radiance of the target at zero distance
(watt/m steradian pm)

(72}
o
1

inherenf spectral radiance of the sky at the target
(watt/m" steradian um)

tNr = apparent spectral radiance of the target at distance r, and
(watt/fm steradianum)

S r = apparent spectral radiance of the sky at distance r from the
target
(watt/m’steradian pm)
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Contrast is dimensionless because it is a ratio of radiances. The
light coming from a target is attenuated by scattering and absorption (see
Figure A2 and A3). Gas molecules and particulate matter scatter some of the
inherent radiance out of the sight path and absorb another portion. Skylight
and light reflected from the ground is scattered by particulate and gas mole-
cules into the sight path towards the observer (see Figure A4). The result of
these processes is illustrated in Figure A5. A bright object loses radiance
as the distance between it and the observer increases, approaching the limiting
value of the adjacent horizon sky radiance. A perfectly black object has no
inherent radiance. It acquires radiance as the path between it and the observer
increases, again approaching the horizon sky radiance as the limiting value.
A dark object is an intermediate case. The apparent radiance reaching the
observer from a target has two parts, the attenuated inherent radiance and the

path radiance added by scattering from the surrounding air. In equation form,
+ b3

tNr ° tNoYr Nr (A3)

where T = transmittance of light from the target to the observer at distance

r (dimensionless)

ol

N'r‘ = spectral path radiance over distance r(watt/m’steradian um).

Similarly, for the apparent background sky radiance,

If Equation A4 is subtracted from Equation A3, then

tNr sNr = (N .- sNo)Tr (A5)

Equation AS expresses the fact that the difference in radiance between the
target and sky is transmitted to the observer with the same attenuation as each
image-forming ray of light. If we divide both sides of Equation A5 by the
background sky apparent radiance and multiply the right side of the equation
by sNo/sNo’ then

- sN .- sN sN
tNr r (= \'* 0 0) o T (A6)
N N N '
s r S 0 S r

Combining Equations Al, A2, and A6, we get the following relation for the
apparent contrast of a target:

c =c 527 (A7)

Apparent contrast depends on the inherent contrast of the target, which depends
on the type and amount of vegetation on the target, the illumination of the
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Figure A2

P 5

/2

VA

Scattering

Scattering:  Photon on path | is backscattered along path 2.
Photon on path 3 is forward scattering along paths 4 and 5.

Figure A3

>0

Absorption

Absorption:  Photon on path 1 is absorbed by the gas
molecule or particle.
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Figure As

The Dependence of Target Radiance on Distance
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target as a function of time of day, latitude, longitude, azimuth of the sight
path, azimuth of the normal to the face of the target, and the slope angle of
the target. The ratio of sky radiances at the target and at the observer is

equal to unity for the theoretical assumption of a uniform atmosphere and a
horizontal sight path.

If the atmosphere is homogeneous in composition along the entire sight
path, then the transmission, T_r,,can be expressed as a function of the extinc-

tion coefficient,b <« :-
ext

-b r

Combining Equations A7 and A8:

-b

r
C.=¢Ce ** (SNO/SNr) (A9)

IfCr and Co are measured with a teleradiometer and r is known, then Equation
A9 can be solved for the average extinction coefficient:

- 1 co No
byt =7 17 (E: )

(7]

w
=

r

The ratio sN '/sNriS unity for a horizontal sight path through homoge-
neous air under uni?on‘rm illumination on a flat earth.

Under these same conditions visual range is defined as the distance at
which the apparent contrast of a black target is reduced to 2 percent

( C-.02). Equation A9 can then be solved for visual range, VR:
VR = 32212 _ 3.912 (A10)
b 1. %
ext =ln=—
r C

The choice of 2 percent as the threshold contrast is easily adjusted to
values as high as 5_percent. Middleton (1952) discusses the experiments con-
ducted by others to-derive the threshold contrast. It is important to not
interpret visual range too literally as the distance at which large black tar-
gets disappear. Hence the choice of threshold contrast is not critical but
needs to be consistent for comparing different data sets.

This definition of visual range attempts to account for different dis-
tances between the observer and targets, and different inherent contrasts. It
does not account for targets viewed at different altitudes, for which the
atmosphere has a different clean air (Rayleigh) extinction coefficient.
Measurements of the apparent contrast of targets at different altitudes are
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standardized by correcting the total extinction for the Rayleigh component.
This correction is made by subtracting the average Rayleigh extinction co.f-
ficient of the actual sight path from the measured total extinction and co-
efficient and then adding back the reference Rayleigh extinction coefficient.
This reference is set at .01 km - corresponding to an altitude of 1550m
(Elterman, 1968). Hence standard’visual range SVR, is defined by:

.912
SR = . 3.9 (A1)
o -
7T, Pext,r T01
where b = average extinction coefficient of the sight path.

ext, R

The variables discussed so far describe visibility without reference to
what it would be in a Rayleighatmosphere, completely unpolluted by natural or
anthropogenic sources. The change in the apparent contrast of a target from
its best possible value in a Rayleigh atmosphere is called delta contrast,

AC, and is defined by:

-b (z)r
AC = C -cC ext,R'™m
r
Z. + Zt
where Z =
m 2
z = altitude of sight path midpoint (m).

The second term is the apparent contrast of the target computed as if it were
viewed through a Rayleigh atmosphere.

Now that several variables describing visibility have been covered, we
are ready to discuss the physical processes by which particles and gas mole-
cules affect the transfer of light through the atmosphere.

2) Relating Optics to Pollutants

Particulate and gaseous pollutants attenuate light by scattering and
absorption as a function of the gaseous molecular structure, the size and
composition of the particles, and the wavelength of 1 ight. Most absorption is
caused by N£ and carbon particles, while most scattering is caused by parti-
cles. Any ¢ dnges 1n'source emissions and meteorology that cause higher con-
centrations of 1 ight scattering or absorbing pollutants will result in in-
creased visibility impairment. Scattering usually dominates absorption,
especially in clean air, where 78-95% of the total attenuation is caused by
scattering. Scattering is closer to 55-63% of the total attenuation in highly
polluted urban areas (Weiss, et al., 1979). The proportional contribution
of absorption to total extinction (attenuation) can be seen in Fig. A6.
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2-1) Gaseous Scattering

Scattering of gases is treated separately from scattering by particles
because of important differences. Gaseous scattering has an inverse fourth
power dependence on wavelength, which accounts for the blue color of skylight.
In Rayleigh unpolluted air, scattering is the dominant process because the
nitrogen, oxygen, and other gases absorb a negligible amount of visible light.
The Rayleigh scattering by gases depends somewhat on the direction of obser-
vation as shown in Fig. A7. Maximum forward and backward scattering is at
observation angles of O and 180, and minimum scattering is at 90°.

More detail on the scattering by an individual gas molecule can be found
in McCartney (1976). If the scattering by air molecules in a specific direc-
tion is summed over all possible directions, the total scattering can be
found. Expressing total scattering as a coefficient, ggegffect of air with a
molecular density appropriate to sea level is about 10°km .. Hence, Ray leigh
scattering removes about 1% of the incident light per kilometer of horizontal
path. Using Eq. AIO, this Rayleigh scattering coefficient translates into a
visual range of 391 km, assuming no abosrption nor particulate scattering.

Do not expect to see real objects over such distances. Mountains are not black
objects and they are not tall enough to be seen at such distances.

2-2) Particulate Scattering

Scattering by particles is more complex in its angular dependence, which
itself depends on the size of the particle. Particulate scattering is often
called Mie scattering, after the scientist who developed the first successful
theory (Mie, 1980). As particle size decreases, the Mie theory of scattering
approaches the Rayleigh theory, appropriate to particles or gas molecules
smaller than 1/10 the wavelength of light (McCartney, 1976).

The Mie theory was developed for spherical particles of uniform composi-
tion and hence, uniform index of refraction. Ambient aerosol, though, com-
prises spherical, irregular, plate-like, and rod-like particles. In order to
utilize the Mie theory for nonspherical particles, a compromise is made.

Size distributions are measured by some instruments in terms of the aerodynamic
behavior of the particles, from which an equivalent spherical diameter is com-
puted. This diameter is then used in the Mie theory to predict the approxi-
mate scattering of complex shaped aerosol. The angular dependence favors the
forward direction, as shown in Fig. A8, with greater complexity as the particle
size increases.

An important aspect of scattering is the efficiency with which particles
of different size scatter incident light in all directions. The scattering
efficiency factor is defined as the ratio of the total scattering cross-section
and the geometric chss-section. For a spherical particle, the geometric
cross-section is mr, where r is the radius of the particle. The total
scattering cross-section is “that cross-section of an incident wave, acted on
by the particle, having an area such that the power flowing across it is equal
to the total power scattered in all directions” (McCartney, 1976). The
dependence of the scattering efficiency factor on the size parameter, o = 2/},
is shown in Fig. A9. The relative size of the particle with respect to the
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Figure A8

270°

PR

a) Particle size =N\/4

90°

270°

b) N < Particle size

Observation Angle Scattering Dependence for Particles
(Adapted from McCartney, 1976)

96

OO



Scattering efficiency factor, Qsc
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Figure A9
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(After McCartney. 1976)
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wavelength of incident light, not its absolute size, is the important indepen-
dent variable, as implied by the use of the size parameter, a. The curve with
index of refraction m = 1.33 represents particles of water, while the m = 1.5
curve approximates silicaor ammonium sulfate, two critical components related
to soil and coal combustion sources respectively. In Fig. A3 the scattering
efficiency factor oscillatesless and lessaround a value of 2 as relative
size becomes very large. At this value a particle refracts, reflects and
diffracts twice the radiant power incident on the geometric cross-section
(McCartney, 1976) . White and Roberts (1977) found that sulfates and nitrates
in the Los Angeles air basin scattered light more efficiently per unit mass
concentration than other chemical fractions of the ambient aerosol. The high
scattering efficiency of sulfates and the large stationary source emissions of
sulfates led these authors to suggest that this source was comparable with
the automobile in reducing visibility there.

The size of particles and the resulting light scattering is sensitive
to the relative humidity of the air. When the relative humidity rises above
70% water condenses on particles and makes them bigger (Charlson, Waggoner and
Thielke, 1978). The composition of the particle affects the threshold relative
humidity, above which water vapor condenses on the particle. The ratio of
scattering coefficient at any relative humidity to that at 30% is plotted in
Fig. A10.

2-3) Absorption

Absorption of light is the process by which the incident light at specific
wavelengths is converted to internal energy of molecules (rotation, vibration,
and electronic arrangement). A quantum of energy is absorbed for each
discrete change in any of these forms of internal energy. The energy of a
gquantum is inversely proportional to the wavelength of the light or other
electromagnetic radiation.

The only absorption of enough consequence in the gaseous air pollutants
from power production is that of nitrogen dioxide, N9 . The absorptivity is
the relative loss of incident light per unit length o% absorbing path per
unit concentration of pollutant. The absorptivity of NO,as a function of
wavelength is shown in Fig. All taken from Hall and Blac&t (1952). The
absorptivity is strongest in the blue. Also, there are many detailed absorp-
tion peaks in the overall curve, whose wavelengths correlate with specific
changes in the internal energy of the NO,molecule. The strong NG absorption
of blue light causes plumes and urban hazes to appear brown. Simultaneous
scattering of all wavelengths by particles and scattering of blue by air leads
to a variety of brown, gray, and white colors, depending on the relative
contribution of these processes.

Absorption of light by particles is attributed to their graphitic “soot”
content (Rosen, et al.,1979;Weiss, et al.,1979). Faxvog and Roessler
(1978) found that carbon particles were mcst effective in reducing visibility
if their diameters were 15-50% of the wavelength of light. Roessler and
Faxvog (1980) found that 85% of the acetylene smoke particle attenuation of

514 nm light was caused by absorption and 15% caused by scattering. Roessler
and Faxvog (1981) found that absorbing aerosols increase the visual range com-
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puted for light objects viewed against the horizon sky. The dependence of
absorption on the wavelength of incident visible light is quite weak as shown
by the curves in Fig. All (Weiss, et al., 1979). The effect of absorption

in optical computations can be expressed in terms of an absorption coef-
ficient, as plotted in Fig. Al2.

The processes by which light is attenuated as it moves through air have
been described to help understand the physical measurement of visibility
variables. Thediscusston now moves on to the way we construct complete
models of visibility as a function of air pollution.
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APPENDIX B

VALUING PUBLIC GOODS: A COMPARISON OF SURVEY AND HEDONIC APPROACHES’

INTRODUCTION

Although the theory of public goods has progressed rapidly since
Samuelson's seminal article (1954), the empirical measurement of the value of
(demand for) public goods only recently has received increased attention.
Perhaps the best known and most widely accepted empirical approach has been
the use of hedonic prices wherein, for example, it is assumed that either
wages or housing values reflect spatial variation in public good characteris-
tics of different communities. This indirect approach, based on theoretical
work of Tiebout (1956) , Lancaster (1966), Rosen (1974) and others has proven
quite successful. Among public goods or bads which have been valued using
the hedonic approach are climate [Hoch (1974)], air pollution [Anderson and
Crocker (1971) and Harrison and Rubinfeld (1978)], social infrastructure
[Cummings, et al. (1978)] and other community characteristics such as noise
level [Nelson (1979)] and ethnic composition [Schnare (1976)].

An alternative approach is to directly ask households or individuals
to state their willingness to pay for public goods using survey techniques.
Despite arguments that strategic bias will invalidate survey results, there
exists the need for an alternative to the hedonic approach. As an example,
consider the case of a remote and unique scenic vista, valuable to recreators,
which is threatened by air pollution from a proposed coal fired plant--a
typical situation in the Western United States. Although it is possible, in
principle, to impute the value of clean air and visibility from the relative
decline in local visitation which might follow construction of a power plant,
information on the value of visibility at the site is needed prior to con-
struction for socially optimal decisionmaking on plant location and pollution
control equipment. The hedonic approach is unavailable both because the
scarcity of local population--as opposed to recreators--makes use of wage or
property value data impossible and because scenic vistas may themselves be
un i que. For these ’'reasons, Randall et al. (1974) first applied survey
methods for valuing visibility and other environmental effects of large coal
fired power plants in the Four Corners region of New Mexico. Since this
initial application, the survey approach has been widely used to value envir-
onmental commodities where market data for hedonic analysis is difficult to
acquire [see, for example, Brookshire, Ives and Schulze (1976), Rowe, et al.
(1980), and Brookshire, et al. ([1980]). Other early attempts to
value public goods using the survey approach include Davis (1963), Bohm

(1972) and Hammack and Brown (1 974).
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Although results of using the survey approach for estimating the value
of public goods appear to be internally consistent, replicable and consistent
with demand theory [see Schulze et al. (forthcoming)], no external valida-
tion has been reported (i.e., a comparative analysis using another approach
independent of the survey has not been conducted). Thus, the purpose of this
paper is to report on an experiment designed to validate the survey approach
by direct comparison to a hedonic property value study.

The Los Angel;-:'.s ‘metropolitan area was chosen for the experiment because
of the well defined air pollution problem and because of the existence of
detailed property value data. Twelve census tracts were chosen for sampling
wherein 290 household interviews were conducted during March, 1978. Respon-
dents were asked to provide their willingness to pay for an improvement in
air qual ity at their current location. Air quality was defined as poor,
fair, or good based both on maps of the region (the pollution gradient across
the Los Angeles Metropolitan Area is both well defined and well understood by
local residents) and on photographs of a distant vista representative of the
differing air quality levels. Households in poor air quality areas were
asked to value an improvement to fair air quality while those in fair areas
were asked to value an improvement to good air quality. Households in good
air quality areas were asked their willingness to pay for a region-wide im-
provement in air quality. The region-wide responses are reported elsewhere
[Brookshire, et al. (1980)].

For comparison to the survey responses, data was obtained on 634 single
family home sales which occurred between January, 1977 and March, 1978 ex
clusively in the twelve communities used for the survey analysis. As we show
in the next section, households, in theory, will choose to locate along a
pollution-rent gradient, paying more for homes in clean air areas based on
income and tastes. However, ceteris paribus, we show that the annualized
cost difference between homes in two different air quality areas (the rent
differential for pollution) will in theory exceed the annual willingness to
pay for an equivalent improvement in air quality for a household in the lower
air quality area. Thus, the rent differential associated with air quality
improvement from hedonic analysis of the property value data must exceed es-
timates of household willingness to pay for the survey responses, if the sur-
vey responses are a val id measure of the value of air qual ity improvements.
Section 3 describes the data analysis and experimental design in more detail.

We also conjecture that the willingness to pay for air quality improve-
ments is greater than zero for residents in our sample communities based on
statewide political’ support for air quality regulation. The State of
California, principally in response to the air pollution problem in the Los
Angeles Metropolitan area, has led the nation in imposing automobile emis-
sions standards. The automobile industry, under pressure from the Cal ifornia
Legislature, installed the first pollution control devises on California cars
in 1961. This initial step was followed nationally in 1963. Again, Califor-
nia imposed the first exhaust-emission control regulations in 1966, leading
the nation by two years. Over the decade of the 1970's, California has had
more stringent automotive emission standards than Federallevels, resulting
in higher initial costs and sacrifices in both performance and fuel economy.
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In spite of these difficulties, political support, as reflected both in the
State Legislature and in several administrations, has remained strong for
auto emission controls.

In Section &4 the results of the hypotheses tests are presented. As
Table 2 illustrates, results of the experiment can be summarized as follows:
In the nine census tracts where air quality improvements are possible (poor
and fair communities).,_\(ye cannot reject our dual hypotheses that, in each
census tract, household willingness to pay for air quality improvements, as
estimated by surveying households, falls below equivalent property value rent
differentials and lies above zero. We view these results as a qualified
verification of the survey approach for estimating the value of public goods.
Further interpretation of the results is contained in the concluding remarks
offered in Section 5.

A THEORETICAL BASIS

The property value and the survey approaches for valuing public goods
have received considerable theoretical scrutiny. Property value studies are
conceptually based on hedonic price theory as developed by Rosen (1974) and
recently summarized by Freeman (1979). The survey approach has been modeled
using standard concepts of consumer surplus by Randall et al. (1974), Bohm
(1972), and Brookshireet al. (1976) where the latter two analyses also
focus on the possibility of strategic behavior. The considerable empirical
evidence now available suggests that strategic bias may be of little conse-
quence both in survey work [See Brookshire et al. (1980) and Rowe et al.

(1980)] and in experimental economics [See Grether and Plott (1979), Scherr
and Babb (1975) and Smith (1977)]. However, other types of bias may still

inval idate a survey approach for valuing public goods. It has even been
suggested that the survey approach produces “noise” since responses are
purely hypothetical and have no necessary connection to actual budgetary
decisions.

In this section, a simple theoretical model is developed for comparison
of survey responses to a property value study for valuing air quality im-
provements in the Los Angeles region in order to determine if valid public
good measures can be obtained from survey data.

We use the following notation:
let P = the level of air pollution

X = consumption of a composite commodity exc uding housing

¢ = unit cost or price of the composite commodity X

R = rent or periodic cost of housing

Y = household income

and U(P,X) = household utility, a decreasing function of pollution Up < 0
an increasing function of consumption UX< 0.
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Each household maximizes utility, U(P,X), subject to the budget constraint:
Y - CX - R(P) =0

where we assume the existence of a continuous differentiable rent gradient

R(P) . [See Rosen (1974)7] for a complete discussion of the generation and
existence of rent gradients. Our model is a simple adaptation of Rosen’s,

so we will not elabgrate here.) Two distinct choices are modeled: consump-
tion of the composite commodity, X, and that of housing location by pollution
level, P. Presumd& ly, lower rents will be paid for homes in more polluted
areas, so R'(P)<0. The first order conditions for choice of P and X imply -
that

C = R(P)
X

or that the marginal rate of substitution between pollution, P, and the
composite commodity, X, valued at the cost of the composite commodity, C,
equals the slope of the rent gradient R’ (P) at equilibrium location and
consumption levels.

Figure 1 illustrates the solution graphically and allows us to struc-
ture hypotheses for testing the validity of survey results in comparison to
the property value approach. The vertical axis measures the quantity of the
composite commodity, X, where we assume that the cost, C, of the composite

commodity is unity; i.e., the vertical axis measures dollars aswell.
Pollution is on the horizontal axis. Given household income Y, the budget
constraint, shown as Y“ - R(P) in Figure 1, is obtained by vertically sub-

tracting the rent gradient, R(P). Thus, household A with preferences shown
by indifference curve 1°, would maximize utility at point “a”, choosing to
locate at pollution Ieve%P°r consume X° and pay rent R°. If household A's
incoTe were to increase toY , the budget constraint would shift vertically
to Y - R(P) and the same,household would relocate, cliloosing point “b”, at
a lower pollution level P with higher consumption, X', given tastes as
represented by indifference curve 1 ,. lternatively, another, kg cphnld, B
with, income Y°, but tastes as shown gy !é would choose point td , locating
. RV astes and
at P as well, but choosing lower consumpitan“X . Thus, both
income enter location decisions over pollution levels.

The survey approach used in the Los Angeles metropolitan area to
obtain an estimate of the value of air quality asked households how much, at
most, they would be willing to pay for an improvement in air quality at the
site where they presently live. Thus, the household in equilibrium ?t point
“a” in Figure 1 was asked how much X it would forego to experience P
rather than PO while maintaining the same utility level. Presumably, house-
hold A wouid be indifferent between points “a” and “c” and be willing to pay
V dollars (or units of X) to achieve a reduction in air pollution of AP .

Unfortunately, as is illustrated in Figure 1, the budget constraint, Y*“ 'R(p),
obtainable by estimating the rent gradient functio, R(p), does not provide
information on the bid for improved air qudlity, W . Rather, the change in
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rent between locations with air quality levels P® and P’, AR im}iure],
must, for any household located at “a”, equal or exceed the bid: \, if the
second order conditions for the household optimization problem are generally
satisfied. Thus, we can establish an upper bound on the willingness to pay
for air quality improvement by exgmining the rent gradient. For example, if
household B had a lower income, Y , it would locate at point “e”. Even though
fiusehold B is now located at pollution leveé P« like househoAd A, its bid

for an air quality improvement AP would be W~ , smaller than W yet still less
than AR. Thus, if survey bids are a valid measure of willingness to pay for

air quality improvements then AR > W.

This hypothesis holds for each household even if we consider the case
of multiple housing attributes. Including other attributes such as square
footage of the home, bathrooms, fireplaces, neighborhood characteristics,
etc., denoted by the vector Z, the model is revised as follows:

M a x U(?, P, x)
st Y-Ccx -R (Z,P)=0

with first order conditions

-, (Z,P)

U—Zr 5
and C T R—Z>(Z,P).

A
These first order conditions constitute, along with frequency distributions
for housing characteristics and household brefgrences, a system of partial
differential equations which solve for R(Z,P). Thus, a hedonic rent gra-
client is defined for pollution, P, and other household characteristics,%

as well.

As is illustrated in Figure 1, in which housing characteristics other
than pollution are not incorporated, budget constraints for different house-
holds are obtained by vertically shifting the same rent gradient. Thus, all
households face the same rent differential A R for a change in pollugh l'egel
A P even though willingness to pay for that change may differ, i.e., W # W .
However, turning+ﬁo Figure 2, household A, located at P“, may occupy a house
with attributes Z while household also located at P° may occupy,a house
with a different set of attributes . Household A, with income“.e A.Would
then face a rent gradient tike that shown in Figure 2 defined by R(% » P) and
choose point “a”, buf household B with income“$ , would now face a different
rent gradient of R(Z°, P) and choose to locate at point “b”. Therefore,
households with different housing characteristics may face different rent
gradients over pollution when projected in the (X, P) plane. In general, AR,
unlike the case shown in Figure 1, will no longer be constant across house-
holds at the same location. However, for each household i(i = A, B in
Figure 2), it is still true that the rent differential, AR , for a change in
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pollution AP, calculated for the fixed vector of housing characteristics -Z”,
will exceed that household’s willingness to pay, W ‘,"for’the same change in
pollution level at the same location. Note that households were asked their
willingness to pay with the specific assumption that they remained in the
same house and location. Thus,"k , for a particular household was truly fixed
--allowing the simple analysis in the {(X,P)plane as shown in Figure 2.

The first hypothesis for testing the validity of the survey approach
can be constructed as follows: for each household i in a community, A‘R >
It then follows that in each community the average rent d|fferent|al_across
households, AR, must equal or exceed the average willingness to pay W for an
improvement in air quality. In other words, if survey bids are a valid mea-
sure of willingness to pay, then for each community in our sample, AR>W,
i.e., average willingness to pay cannot exceed the average rent differential.
Our second hypothesis is that, given the political history of air pollution
control in the State of California as described in the introduction, mean
bids in each community are non-negative, W > 0.

Our dual test of the validity of survey measures must remain somewhat
imprecise because hedonic rent gradients themselves only provide point
estimates of the marginal rates of substitution (slopes of indifference
curves) between pollution and other goods (money) for individuals with pos-
sible differing tastes and income. One does not have information necessary
to estimate, for example, the shape of 1“. in Figure 1 solely on the basis of
the slope of the budget constraint, °/)\, at point'h I Attempts to esti-
mate individual willingness to pay (WA in Figure 1) from hedonic rent gra-
dients must thus introduce strong assumptions about the nature of preferences.
(See, for an example of an hedonic approach which derives willingness to pay
by making such assumptions, Harrison and Rubinfeld [1978].

SAMPLING AND DATA ANALYSIS

The previous section has presented a theoretical framework for a com-
parison between the survey technique and the property value approach for
valuing public goods. In order to empirically implement the comparison, the
two approaches require a consistent sampling procedure. This section de-
scribes the sampling procedure and results of the separate studies.

Sampling was restricted to households within the Los Angeles metropoli-
tan area. The first concern was air pollution data. Air monitoring stations
are located throughout the Los Angeles area providing readings on nitrogen
dioxide (NO,), total suspended particulate matter (TSP) and other pollutants.
The objective was to relate as closely as possible the readings of two con-
stituents of air pollution (NO,and TSP) to census tracts used both for the
property value and survey studies. The air shed was divided g to the follow-
ing air quality regions: “good (NO,< 9 pphm) (TSP <90 ug/m )-”Falr”g(NO
9-11 pphm) (TSP 9-110 ng/m~”);- and “poor” (NO >T1lpphm) (TSP >110 ug/m
Improvements from poor to fair and fair to good across the region are each
associated with about a 30% reduction in ambient pollution levels. Consid-
eration was given to wind patterns and topography of the area in making these
distinctions.
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Many variables may affect the value households place on air quality.
To control for as many of these as possible in advance of the actual experi-
ment, the sample plan identified six community pairs where each pair was
relatively homogeneous with respect to socioeconomic, housing and commungty
characteristics, yet allowed for a significant variation in air quality.

The property value analysis attempts to provide external validation for
the survey approach. The absence of such validation explains in our view,
the lack of general “acceptance of survev, techniques. The objective, then, is
to estimate the hedonic rent gradient R(Z, P) and calculate rent differen-
tials associated with the poor-fair and fair-good air quality improvements
for sample census tracts. These results are then utilized for comparison to
the survey results.

A hedonic rent gradient was _estjmated in accordance with literature as
recently summarized by Freeman (1979)./ Housing sale price is assumed to be
a function of housing structure variables (1 iving area, bathrooms, fire-
places, etc.), neighborhood variables (crime rate, school quality, population
density, etc.), accessibility variables (distance employment to centers and
beach) and air quality gs measured by total suspended particulate (TSP) or

nitrogen dioxide (NOZ). The primary assumption of the analysis is that
variations in air po lution levels as well as other household, neighborhood
and accessibility attributes are capitalized into home sale price. Implicit

or hedonic prices for each attribute are then determined by examining housing
prices and attribute levels.

The property value analysis was conducted at the household level in

order to provide an appropriate comparison to the survey instrument. Thus ,
the household data used were at the micro level of aggregation and include a
large number of characteristics.9 Data was obtained for 634 sales of single
family homes which occurred between January, 1977 and March, 1978 in the"
communities used for the survey analysis. In addition to the immediate attri-
butes of the household, variables which reflected the neighborhood and com-
munity were included to isolate the independent influence of air quality dif-
ferentials on home sale price.

As indicated by M&ler (1977) even under the Presumption of correct
model specification, estimation of a single equation hedonic rent gradient
may be hindered by severe empirical difficulties, primarily multi-collinear-
ity. With respect to this problem, in each of three data categories--house-
hold, neighborhood, and air quality--multi-collinearity forced the exclusion
of variables and the usage of proxy variables. For instance, collinearity
between number of rooms, number of bedrooms and living area as quantitative
measures of house size allowed the use only one--living area which serves as
a proxy for all. Further, since housing density and population density mea-
sure essentially the same phenomenon, only the former is used in the esti-
mated equations. The estimation procedure was not able to separate out the
independent influence of each air pollutant. Thus, only one pollution mea
sure, either NO, or TSP, was utilized to describe the level of air quality.
In order to provide information concerning the sensitivity of our analysis,
results are presented for each of these pollutants. Finally, contrary to
expectation a collinearity problem did not exist between distance from beach
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and air pollution. This can be attributed, in part, to the success of the
sample plan in isolating the effects of air quality.

Two alternative nonlinear specifications are presented in Table 1 al-
ternatively using NO, or TSP to represent pollution level .’” A number of as-
pects of the equations are worth noting.

First, approximately 90% of the variation in home sale price is ex-
plained by the variation in the independent variable set. Second, with only
a minor exception, all coefficients possess the expected relationship to the
dependent variable and are statistically significant at the one percent
level. The exception is the crime rate in both the NO, and TSP equations.
Third, in their respective equations, the log form of %he pollution variables
have the expected negative influence on sale price and are highly significant.
The estimated relationship between house sale price and pollution is there-
fore consistent with the graphical analysis of Section 2; that is, the rent
gradient is convex from below in the pollution/dollars plane. Finally, the
stability or relative insensitivity of the regression coefficients to the
particular pollution variable indicates that individuals have an aversion to
pollution in general rather than to any one pollutant.

Estimation of the rent gradient was also completed using other forms of
the pollution variables (linear, squared, cubic). Whereas the squared and
cubic terms did not demonstrate statistical significance, the first order
terms performed only marginally worse than the log formulation. Rent dif-
ferentials have also been calculated for these and other forms with results
nearly identical to those presented here.

The next step was to estimate the rent differential AR. for each indi-
vidual household for each census tract. The rent differential! specifies the
premium an individual household would have to pay to obtain an identical home
in the next cleaner air region (poor to fair for six communities, fair to
good for three communities). Due to the estimated functional form of the
rent gradient, the talcuiated rent differential is dependent upon the value
of all other variables. The average home sale price change based on indi-
vidual data in each census tract associated with an improvement in air qual=-
ity, ceteris paribus, is shown in column two of Table 2 of the next section.
Column one of Table 2 lists communities by air quality level. The table
only shows for the log-linear NO, equation since, as noted above, other
specifications give nearly identical results. The figures shown are derived
by evaluating the hedonic housing expression, given the household’s charac-
teristics, for a pallution change from poor to fair or fair to good as the
case may be. The resulting sale price differential is then converted to an
equivalent monthly [i).yment through the standard annualization procedure and
division by twelve.'*Since our hypothesis test is posed in terms of the
average rent differential in the relevant communities, then a community mean
and standard deviation are calculated. Column three of Table 2 shows the
number of homes for which data was available to calculate average rent dif-
ferentials and standard deviations for each community. Monthly rent differ-
entials ranged from $15.44 to $45.92 for an improvement from poor to fair air
quality and $33.17 to $128.46 for an improvement from fair to good air qual-
ity. The higher figures in each case are associated with higher income com-
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munities. Again, these average differentials should provide an upper bound
for the survey results.

The survey approach followed the work of Davis (1963) and Bohm (1972)
in gathering the information necessary for estimating a Bradford (1972) bid
curve. The approach involves the establishment of a hypothetical market via
a survey instrument. Through the work of Randall, et al., (1974) and
Brookshire, et al., (1976), the necessary structure for constructing a hypo-
thetical market for the direct determination of economic values within the
Hicksiancomsumer surplus framework has been developed. The survey reported
here is consistent with this previous literature.

The hypothetical market was defined and described both in technical
and institutional detail. The public good (air quality) was described by
the survey instrument to the respondent in terms of eagily perceived levels
of provision such as visual range through photographsIj and’ maps depicting
good, fair and poor air quality levels over the region. Respondents had
little difficulty understanding the levels of air quality represented to them
because of the sharp pollution gradient across the region.
Payment mechanism: ‘ were specified within the survey instrument and
the respondent was asked to react to alternative price levels posited for
different air quality levels. In every case the basis for the bid for better
air quality was the existing pollution situation as determined by location of
their home shown on a map of the Log Angeles metropolitan area which depicted
regional air quality levels. Various starting points for the bidding prices
and differing information structures were included in the survey format.
Biases from alternative starting points and informatiorhstructures were not
present in the. results [See Brookshire,etal. (1980)] .

The survey was conducted over the period of March, 1978. A total of
290 completed surveys were obtained]gor the above mentioned areas. Sampling
was random within each paired area.

Table 2 in the next section presents the mean bids and standard devia-
tions and number of observations in Columns four and five respectively for
each community for an improvement in air quality. Two t\{pes of bids are pre-
sented: proposed improvements from poor to fair air qua' ity and from fair to
good air quality. In poor communities--EI Monte, Montebello and La Canada--
the mean bids ranged from $11.00 to $22.06 per month. For the fair communi -
ties--Canoga Park, Huntington Beach, Irvine, Culver City, Encino and Newport
Beach communities--the mean monthly amounts range from $5.55 to $28.18 to
obtain good air quality.

TEST OF HYPOTHESES

The previous sections have described a theoretical structure and two

different empirical estimation techniques for determining the value of urban
air quality improvements in the Los Angeles metropol itan area. The theoreti

cal relationship between the valuation procedures (ﬁ{_ﬁ) and the hypothesis
that survey bids are non-zero (W> O) are tested in thissection.
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Table 2 presents the community average Survey bids (column four) and
corresponding rent differentials (column two). As is indicated, in each com-
munity the sample survey bids are non-zero and less than the calculated rent
differentials in absolute magnitude. This establishes that the survey bid
bounds are consistent with our theoretical arguments but does not indicate
statistical significance, which is provided below.

With respect to the test of equality of mean survey bids to zero, Table
2 (column six)” pre‘s‘eh‘ts the experimental results. The calculated t-statistics
indicate rejection of the null hypothesis (that the population mean, yt equals
zero at the one percent level in every community sampled.) These resuYts are
in accordance with the political situation of the region and indicate that
individual households are willing to pay amounts significantly greater than
zero for an approximate 30% improvement in air quality.

The comparison of the survey bids to the estimated rent differentials
is presented in Table 2 (column seven). In this instance the compound hypo-
thesis that population average rent differential (u-A—) equals or exceeds the
population average survey bid (pw) is again tes'tecﬁ'using the t-statistic.
Rejection of the null hypothesis req‘r"ges that the calculated t-statistics be
negative and of sufficient magnitude. /"The standard t-test calculations
(column seven, Table 2) imply that the hypothesis Wgg 27 cannot be rejected
for the population means ps and even at the 10% critical level. Although
we present only the results for ttle hedonic housing equation in which log
(NO,) is the pollution measure, these results remain essentially unchanged for
all’"communities, for all estimated hedonic rent gradients, regardless of the
variable (NO,or TSP) utilized as a proxy for the general state of air qual-
ity. The results then are quite insensitive to the particular hedonic model
specification, providing a degree of generality to the results.

The hypotheses tests indicate that the empirical analysis is entirely
consistent with the theoretical structure outlined above. This conclusion,
when combined with the absence of any identified biases [see Brookshire, et al.
(1980)] suggests that survey responses yield estimates of willingness to pay
for environmental improvements in an urban context consistent with a hedonic-
market analysis. A further implication is that individual households demon=
strated a non-zero willingness to pay for air quality improvements rather
than free riding. This conforms to the previous survey results of Brookshire,
et al. (1976) and Rowe, et al. (1980) as well as the experimental work of
Scherr and Babb (1975), Smith (1977) and Grether and Plott (1979) concerning
the role of strategic behavior. This seems to indicate that the substantive
effort to devise & payment mechanism free of strategic incentives for con-
sumers [see Groves and Ledyard (1977)] has been directed towards solving a
problem not yet empirically observed. However, the conclusions of this
experiment are not without qualifications. In the next section possible limi-
tations of survey analysis and conclusions concerning the efficacy of employing
surveys to value a wide range of non-market commodities are discussed.
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CONCLUSION

There are a number of limitations in generalizing our results to all
survey work. First, this experiment was conducted in the South Coast Air
Basin where individuals have both an exceptionally well-defined regional pol-
lution situation and a well-developed housing value market for clean air. The
effect of clean air on housing values appears to be exceptionally well under-
stood in the Los Angeles metropolitan area. Thus, the Los Angeles experiment
may be a special case in which an informed populace with market experience for
a particular public good allowed the successful application of the survey
approach. In particular, situations where no well-developed hedonic market
exists may not be amenable to survey valuation. Biases due to lack of exper-
ience must then be considered a possibility. However, existing studies by
Randall et al. (1974) and Brookshire et al. (1976) and Rowe et al. (1980) of
remote recreation areas certainly suggest that survey approaches provide
replicable estimates of consumer’s willingness to pay to prevent environmental
deterioration, without prior valuation experience.

In summary, this paper set out to both theoretically and empirically
examine the survey approach and to provide external validation for survey
analysis. The theoretical model described in Section 2 predicts that survey
responses will be bounded below by zero and above by rent differentials de-

rived from the estimated hedonic rent gradient. In order to test the dual
hypotheses a survey and a traditional analysis of the housing market were
undertaken. Each was based upon a consistent but random sampling procedure

in the Los Angeles Metropolitan area. The empirical results do not allow the
rejection of either of the two hypotheses, thereby providing evidence towards

the validity of survey methods as a means of determining the value of public
goods .
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Figure 1

With identical housing attributes the identical rent differential, AR, exceeds
individual willingness to pay, WA and wB.
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Figure 2

With differing housing attributes across households each individual rent differential
exceeds that households willingness to pay.
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TABLE 1

Estimated Hedonic Rent Gradient Equations
Dependent Variable= Log (Home Sale Price in $1,000)

Independent NO,_. Equation TSP Equation
: 2
Variable
Housing Structure Variables
Sale Date .01859? .018654
AR (9.7577) (9.7727)
Age -.018171 -.021411
(2. 3385) (-2.8147)
Living Area .00017568 .00017507
(12.126) (12.069)
Bathrooms .15602 .15703
(9.609) (9.66361
Pool .058063 .058397
(L.6301) (4.6518)"
Fireplaces .099577 .099927
(7.1705) (7.1866)
Neighborhood Variables
Log (Crime) -.08381 -.10401
(-.5766) (-1.9974°
School Quality .0019826 .001771
(3.9450) (3.5769)
Ethnic L.opposition .027031 .043472
-(Pe cent White) (4.3915) (6.2583)
Hous ng Density -.000066926 -.000067613
(9.1277) (-9.2359)
Publ ¢ Safety Expenditures .00026192 .00026143
(L.7602) (4.7418)
Accessibility Variables
Distance to Beach -.011586 -.011612
(-7.8321 ) (7.7822)
Distance to Employment -.28514 -.26232
(-14.786) (14.15s)
Air Pollution Variables
log {TSP) -.22183
(-3.8324)
log (No,) = -.22407
(4.0324)
Constant 2.2325 1.0527
(2.9296) (1.4537)
¢ 89 .89
Sum of Squared Residuals 18.92 18.97
Degrees of Freednm 619 619

at

- Statistics

in

Parentheses
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Table 2
Tests of Hypotheses

]

roperty Value Resultsa Survey Results J Tests of Hypotheses

Community AR * | dumber of W lumber of t-statistics | -statistics
(Standard observations (Standard observation! uw > ob e > p_C
Deviation: Deviation AR -TW

Poor - Fair

ET Monte 15,44 22 11.10 20 3.78 1.51
(2.88) (13.13)

Montebel 10 30.62 49 11.42 19 3.28 7.07
(7.26) (15.15)

La Cafada 73.78 51 22.06 17 2.74 4.10
(48.25) (33.24) '

Sample

Population 45.92 122 14.54 56 4.94 5.54
(36.69) (21.93)

Fair - Good _

Canoga Park 33.17 22 16.08 34 6.07 5.07
(3.88) (15.46)

Huntington

Beach 47.26 44 26,34 38 5.92. 5.47

(10.66) (25.46)

Irvine 48.22 196 22.37 27 6.08 5.08
(8.90) (19.13)

Culver City 54.44 64 28.18 30 5.42 11..85
(16.09) (34.17)

Encino 128.46 45 16.51 37 7.51 12.75
(51 .95) (13.38)

Newport

Beach 77.02 22 5.55 20 3.63 7.65
(41 .25) (6.83)

Sample

Population 59.09 393 20.31 186 12.02 14.00
(34.29) (23.0)

‘Rent differentials for the hedonic housing equation in which log HN0g)is the relevant
pollution variable are presented here. Essentially identical res. ts are obtained using
NO2, TSP or log(TSP).

The hypotheses to be tested were Ho : “J:O;H‘:IW > 0. All test statistics indicate
rejection of the null hypothesis at the 1% significance level.

€The hypotheses to be tested were Ho : Hyg > W Hp:Urr <HF  All Test statistics indicate
that the null hypothesis could not he rejected even attheli0y significance level.
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Alternatively we could define the utility function U(-P, X) which
wouid be an increasing quasi-concave function of both arguments.

Primes or subscripts denote derivatives or partial derivatives
respectively throughout the paper.

The second expression is, of course, a vector of conditions, one
for each attribute.

For a continuous model one could specify a taste parameter in the
utility function and specify a distribution of households over that
parameter. To complete a closed model one also needs the distribution
of housing units over characteristics.

The paired areas with associated census tract marker and air qual=
ity level are respectively (1) Canoga Park - #1345 - fair/El Monte
#4334 poor, (2) Culver City - #2026 - fair/Montebello - #4301.02
and part of #5300.02 - poor, (3) Newport Beach - central #630.00 -
fair/Pacific - northeast portion of #2627.02 and southwest inter-
section - good; (&) Irvine - part of #525_ - fair/Pales Verdes
portion of good; (5) Encino - portion of - fair/La

Canada - south-central portioof #4607 - poor; (6) Huntington Beach
- central portion of #993.03 poor/Redondo Beach - eastern portion
of #6205.01 and #6205.02 - good. For a map showing the monitoring
station locations in relation to the paired sample areas and the air
quality isopleths see Brookshire, et al. (1980).

The estimation of a hedonic rent gradient requires that rather re-
strictive assumptions are satisfied. For Example, M&ler (1977), has
raised a number of objections to the hedonic property value approach

for valuing environmental goods. These include the possibility that
transaction costs (moving expenses and real estate commissions) might
restrict transactions leaving real estate markets in near constant
disequilibrium; and that markets other than those for property alone
might capture part of the value of an environmental commodity. The first
of these criticisms is mitigated by the extremely fluid and mobile real
estate market of the late 1970's in Los Angeles, where rapidly escalating
real property values increased homeowner’ equity so quickly that
"housejumping'' became financially feasible. The second of Mdler's
concerns, that other prices, e.g.,golfclub fees and wages capture

part of the willingness to pay can be addressed empirically. For
example, attempts to test if wages from our survey data across the

Los Angeles area reflected differences in pollution level produced
negative results.
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10.

11

12.

13.

14.

15.

16,

17.

Note that we use sale price or the discounted present value of the
flow of rents rather than actual rent as the dependent variable.
Given the appropriate discount rate the two are interchangeable.

Housing characteristic data was obtained from the Market Data
Center, a computerized appraisal service with central headquarters
in Los Angeles, California.

Although” the nonlinear equations provide large t ‘values on the air
pollution coefficients, the coefficients on the pollution variables
in the linear-equations possessed the expected relationship and were
significant at the 1% level. Also, the calculated rent differentials
associated with the linear specifications were larger than those from
the nonlinear equations.

[t should be noted that the nonlinear estimated equations will give
biased but consistent forecasts of rent differentials. However, the

linear estimated equations in all cases forecast larger rent differentials

than the nonlinear estimated equations presented here.

A capital recovery factor equal to .0995 which corresponds to the
prevailing .0925 mortgage rate in the January, 1979 - March, 1978
period is used.

In developing photographs, two observational paths from Griffith
Observatory in Los Angeles were chosen: (1) toward downtown Los
Angeles, and (2) looking down Western Avenue. The approximate visi-
bility (discernible objects in the distance, not visual range) for
poor visibility was 2 miles, for fair visibility 12 miles, and for
good visibility 28 miles.

Payment mechanisms are either of the lump sum variety, or well
specified schemes such as tax increments or utility bill additions.
The choice in the experimental setting varies according to the
structure of the contingent market.

Questions have been raised as to problems of biases in the survey’
approach. Strategic bias (i.e., free rider problems), hypothetical
bias, instrument bias all have been explored. Generally speaking,
problems of bias within the survey approach have not been prevalent.
For a general review of the definition of various biases and results
of different-experiments see Schulze et al. (forthcoming) and for
investigations of strategic bias utilizing other demand revealing
techniques see Scherr and Babb (1975) andSmith (1979).

Interviewer bias was not present. No records were kept that would
enable the testing for non-respondent bias.

For instance, rejection of the null hypothesis (U-A-R-iuw) at the

one percent level would require a calculated t-statistic less than
-2.326 given a large number of observations. Since none of the

calculated t-statistics are negative the null hypothesis cannot be
rejected [See Guenther (1973)].
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APPENDIX C

VISIBILITY QUESTIONNAIRE

. ""URBAN SURVEY: Economics Narrative

We are students at the University of Wyoming [New Mexico,” Chicago] and
are conducting this survey for a research project designed to help in valuing
visibility in the national parks in the Southwestern United States.

The Clean Air Act, passed by Congress in 1970, declared a national goal
of preserving the scenic beauty and pristine air quality of our national parks
and wilderness areas.

Air quality, or the “cleanness” of the air, can be affected by either
natural occurrences (e.g. dust and humidity) or by man-caused pollution (such
as autc emissions or emissions released by industrial facilities). Conse-
quently, visibility, which is the ability to see and appreciate distant
objects, activities, scenes, or atmospheric phenomena, can be affected by
either natural or man-caused pollution sources resulting in changes in the
color and clarity of near and far distant vistas.

As you can see in these photographs taken at the Grand Canyon, air pol-
lution can discolor a view to the point where its components cannot be clearly
identified and its scenic beauty cannot be fully enjoyed by the viewer [SHOW
GRAND CANYON PHOTOGRAPHS: SITUATION A-E].

These photographs represent five levels of visibility during morning
and afternoon periods looking both east and west from Hopi Point at the Grand
Canyon. Column A represents poor visibility, B below average, C average
visibility, D above average, and E good visibility. Comparing the columns,
we can see the variety of air quality conditions and resulting levels of vis-
ibility that can be observed in the Grand Canyon. The rows represent the
different vistas while standing at Hopi Point. The first row represents the
different visibility and air quality conditions looking east, in the morning
from Hopi Point. The second row represents morning conditions looking west
from Hopi Point. The third row shows the view from Hopi Point in the after-
noon looking west.

122



PAST AND FUTURE USE

LN

In the first part of our survey, we would like to ask a few questions
about your use of the National Parklands.

El) How many days have you spent visiting the Grand Canyon National Park
in the last 10 years? Please put an X by the number of days on your answer
sheet for question EI.

E2) How many days do you expect to spend visiting the Grand Canyon
National Park in the next 10 years? Please put an X by the number of days on
your answer sheet for question E2.

E3) How many days have you spent visiting National Parks in the South-
west (Arizona, Utah, New Mexico, and Colorado) in the last 10 years? Please
circle the number of days by each National Park on your answer sheet for
question E3.

E4) How many days for each National Park do you expect to visit in the
next 10 years? Please circle the number of days by each National Park on
your answer sheet for question E&4.

[FOR EXISTENCE VALUE ANALYSIS, TURN TO PAGE 7 AND BEGIN WITH QUESTION E8. FOR
USER ANALYSIS (EVERY THIRD INTERVIEW), CONTINUE WITH QUESTION ES. NOTE:
NUMBER OF VISITS MUST BE GREATER THAN ZERO IN QUESTIONS EI AND E2 TO CONDUCT
USER ANALYSIS.]
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GRAND CANYON ANALYSIS

-User-

This part of the surveyis designed to determine how much you are will-
ing to pay to improve visibility in the area of Grand Canyon National Park.

Although one does not usuallyplace a dollar value on scenery, sunsets,
or visibility, such things are valuable to most people. Since it does cost
money to clean up man-made pollution to improve visibility in our National

Parks, we are interested in firiding out how much good visibility is worth to
you .

First let’s assume that visitors to Grand Canyon National Park are to
pay for improvements in the air quality and therefore in the visibility, by
paying an increase in daily entrance fees to be admitted into the park. Let'S
also assume that all visitors to the park would pay the same total daily fee
as you would. Then, all the additional money collected would be used to fin-
ance the air quality improvements represented in the photographs.

Again, let us look at the photographs representing the different levels
of visibility and air quality ranging from very poor (A) to very good (E) for
east and west views in the morning and afternoon from Hopi Point in the Grand
Canyon. We would like to know how much you are willing to pay as a total
daily park entrance fee for your household for air quality improvements and
resulting visibility improvements shown in Columns B through E. When deciding
how much you are willing to pay for each improvement, you will always be com-
paring the improved air quality to the lowest air quality conditions as
represented in Column A. Also, when considering how much you are willing to
pay for each improvement, assume each photograph represents the visibility on
a day that you would be visiting the Grand Canyon National Parks.

[SHOW COLUMNS A-8]

E5) This is Column A, representing very poor air quality and visibility.
Please indicate on your answer sheet how much of an increase above the total
daily park fees of $2.00 per carload you would be willing to pay for your
household to improve the visibility to that shown in Column B. Put a B next

to the highest dollar amount you would pay per day if you were visiting the
Grand Canyon in question E5 on your answer sheet.

[MOve COLUMN c To covER ]
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Now, for your household, how much of an increase above the total daily
park entrance fees of $2.00 per carload for your household would you pay for
cleaner air if the visibility was improved from that shown in Column A to.
that shown in Column c? Please put the letter C next to the highest amount

you would pay per day in question ES on your answer sheet.

[MOVE COLUMN D TO COVER c]

For your househoid, how much of an increase above the total daily park
entrance fees of $2.00 per carload would vyou be willing to pay for an improve-
ment from Column A to Column D? Please put the letter D next to the amount

in question ES5.
[MOVE COLUMN E TO COVER COLUMN D]

And finally, for your household, how much of an increase above the total
daily park entrance fees of $2.00 per carload would you pay to have air qual-
ity and visibility conditions on a day of your visit to Grand Canyon be like
Column E as compared to Column A? Put the letter E next to the amount you
would pay as a daily park entrance fee in question E5 on your answer sheet.
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REGIONAL ANALYSIS

-lUser-

Unless new and current industrial facilities in the Southwest are
required to utilize air pollution controls for particulate and sulfur oxide
emissions, visibility in the region will become less than the current average.

Let’'s look at some pictures representing regional visibility. Columns
A-E again represent air quality conditions from very poor (A) to very good
(Ey . The rows represent morning conditions for the Grand Canyon, Mesa Verde
and Zion National Parks. Row 1 looks out from Hopi Point towards the east in
the morning at the Grand Canyon. Row 2 represents the vista from Hess Verde
at Far View overlook towards the south in the morning. Finally, Row 3 is at
Lava Pocint in Zion National Park looking southeast in the morning.

If current emission standards are maintained, the average conditions

will be as seen in Column C. If, however, current emission standards on
existing and proposed industrial facilities are relaxed or not enforced, then
average air quality and visibility in the region will be represented as in

Column B. As shown in Column B a deterioration in visibility would occur in
the Grand Canyon, Zion and Mesa Verde National Parks. As a result, conditions
as represented in Columns C, D, and E will occur less frequently. Conditions
in Columns A and B would occur more frequently. We would like to know how
much the maintenance of average regional air quality and visibility is worth
to you.

E6) How much would you be willing to pay per day in addition to existing
park entrance fees for your household at the Grand Canyon, Mesa Verde, or
Zion National Parks to prevent a deterioration in visibility in the region as
represented in moving from Column C to Column B. [SHOW PHOTOGRAPHS AND POINT
TO COLUMNS C AND B FOR GRAND CANYON, MESA VERDE AND ZION.] Assume that
entrance fees would be raised throughout the National Parks in the Southwest.
Please put an R next to the dollar amount closest to the highest increase in
daily entrance fees you would be willing to pay for your household for a
region-wide preservation in visibility for question EG6.

E7) If you answered “$0” to any part of questions E5 or E6, please
answer question E7 on your answer sheet.

[TURN To p Ace 1, Question E1T(PLUME USER ANALYSIS)]
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EXISTENCE VALUE ANALYSIS

oo -Grand Canyon-

This part of the survey is designed to determine your’ concern for pre-
serving visibility levels in Grand Canyon National Park.

Although one does not usually place a dollar value on scenery, sunsets,
or visibility, such things are valuable to most people. Since it does cost
money to clean up man-made pollution to improve visibility in our National
Parks, we are interested in finding out how much good visibility is worth to
you .

Unless new and current industrial facilities in the Southwest are
required to meet current emission standards for particulate and sulfur oxides,
air quality in the Grand Canyon will become less than the current average.

Again, let us look at the photographs representing visual air quality
ranging from very poor in Column A to very good in Column E for east and west
views in the morning and afternoon from Hopi Point. If current emission
standards are maintained the average conditions will be as seen in Column C.
[f, however, the current emission standards for sulfur oxide are not enforced,

then average air quality and visibility in the region will become like Column
B. As a result, conditions are represented in Columns C, D and E will occur
frequently in the Grand Canyon. Such emission controls will likely make

electricity more expensive.

E8) We would like to know if you would be willing to pay higher electric
utility bills if the extra money collected would be used for additional air
pollution controls to preserve current air quality and visibility levels at
the Grand Canyon. How much extra would you be willing to pay at most, per
month as an increase in your electric utility bill to preserve current aver-
age visibil ity as represented in Column C rather than have the average deter-
iorate to that shown in Column 8? Please put an X next to the highest amount
you would be willing to pay per month for your household on your answer sheet
for question E8. [EMPHASIZE THEY ARE ANSWERING E8. ]
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EXISTENCE VALUE

-Regional Analysis-

Unless new and current industrial facilities in the Southwestern United
States are required to utilize air pollution controls for particulate and
sulfur oxide emissions, visibility in the region will become less than the
current average.

Let’'s look at some pictures representing regionalvisibility. Columns
A-E again represent air quality conditions from very poor (A) to very good
(E). The rows represent morning conditions for the Grand Canyon, Mesa Verde
and Zion National Parks. Row 1 looks out from Hopi Point towards the east
in the morning at the Grand Canyon. Row 2 represents the vista from Mesa
Verde at Far View overlook towards the south in the morning. Finally, Row 3
is at Lava Point in Zion National Park looking southeast in the morning.

If current emission standards are maintained the average conditions will
be seen in Column C. If, however, current emission standards on existing and
proposed industrial facilities are relaxed or not enforced, then average air
quality and visibility in the region will be represented as in Column B. As
shown in Column B a deterioration in visibility would occur in the Grand
Canyon, Zion and Mesa Verde National Parks. As a result, conditions as
represented in Columns C, D and E will occur less frequently. Conditions in
Columns A and B would occur more frequently. We would like to know how much
the maintenance of average regional visibility is worth to you.

E8) How much more than you have already offered to pay for the Grand
Canyon would you be willing to pay in higher electric utility bills per month
to preserve current average air quality and visibility levels throughout the
Parklands of the Southwest? Visibility conditions as represented in the photo-

graphs in Column C would be maintained as opposed to allowing air quality and
visibility to deteriorate to the new average levels shown in photographs in

Column B. Please place an R by the increase in monthly electric utility bills
vyou would be willing to pay for your household for question ES8.

E9) If you answered “$0” to E8, please answer E9 on your answer sheet.

[TURN to p Ace 11,QUESTION E12 (PLUME ExiSTENCE VALUE) ]
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PLUME ANALYSIS (USER)

PN

E10) Problems other than regional haze can be associated with industrial
development in the Southwest region. Plumes also can reduce visibility by
disrupting a vista on the horizon. These photographs represent two situations
whereby in picture A no plume can be seen looking west from Hopi Point in the
Grand Canyon. Pciture B is identical, however, a plume is visible. we would
like to know how much you are willing to pay in addition to the daily park
entrance fees of $2.00 for your household for prevention of plume blight over
the Grand Canyon. Please put the letter A next to the highest dollar amount
you would pay per day if you were visiting the Grand Canyon for question E10
on your answer sheet.

[CONTINUE WITH SOCI10-ECONOMIC QUESTIONS ON THE LAST PAGE OF ANSWER SHEET]

129



PLUME ANALYS!s (EXISTENCE VALUE)

PI

En) Problems other than regional haze can be associated with industrial
development in the Southwest region. Plumes can reduce air quality and impair
visibility by visually disrupting a vista on the horizon. We would like to

know if you are concerned with preserving visibility in Grand Canyon National
Park from plume blight.

These photographs represent two situations whereby in picture A no plume
can be seen looking west from Hopi Point in the Grand Canyon. Picture B is
identical, however, a plume is visible. Again focusing on the possibility of
higher utility bills, how much extra would you be willing to pay at most,
monthly, as an increase in your electric utility bill to preserve the vista
as seen in picture A rather than have plume blight aS represented in picture
B? Please put the letter A next to the highest amount you would be willing
to pay per year for your household on your answer sheet for question En.

[CONTINUE WITH SOC |0-ECONOMIC QUESTIONS ON LAST PAGE OF ANSWER SHEET]
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ANSWER SHEET

El) 1 Day g Days 9 Days 13 Days
2 Days Days 10 Days 14 Days
3 Days Days 11 Days 15 Days
4 Days Days 12 Days More than 15 Days
E2) 1 Day 5 Days 9 Days 13 Days
2 Days 6 Days 10 Days 14 Days
3 Days 7 Lays 11 Days 15 Days
L Days 8 Days 12 Days More than 15 Days
E3) Zion Nat. Park 123456789101112 13 14 15 More than 15
Mesa Verde Nat. Park 123456789101-112 13 1415 More than 15
Bryce Canyon Nat. Park 12345678910 11 12 13 14 15 More than 15
Canyonlands Nat. Park 123456789101112 1314 15 More than 15

E4) Zion Nat. Park 123456789101112 13 14 15 More than 15
Mesa Verde Nat. Park 123456789101112 131415 More than 15
Bryce Canyon Nat. Park 123456789101112 13 14 15 More than 15

E5) $ .00 /day $4.00 /day $ 15.00 Iday

. 8 /day 288 /day 20.00 Iday
1. /day . /day 25.00 /day
1.50 /day g88 /day 50.00 /day
2.00 /day . /day 75.00 /day
2.50 /day 988 Iday 100.00 /day
3.00 /day 10. /day More than $100.00 /day
E6) $ .00 [day $4OO /day $ 15.00 /day
50 /day 5.00 Iday 20.00 /day
1.00 /day 688 /day 25.00 /day
1.50 /day {. /day 50.00 /day
2.00 /day 8.00 /day 75.00 /day
2.50 /day 988 /day 100.00 /day
3.00 /day 10. /day More than $100.00 /day
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Answer Sheet 2

E7) Answer only if you answered $OO to the above questions. Did you bid zero

because you believe

The air

that:

quality

“significant.

improvements

represented

in the columns

are not

The source’ of the air pollution should be required to pay the costs
of improving the air quality.
Other (specify)
E8) $ .00 /year $25.00 __ Jyear $50.00 ____/year $100.(X) lyea r
5.00 lyear 30,00/ y e a r 60.00 __ lyear 125.00 __ lyear
10.00 /yea r  35.00 /year g888 — Jyear 150.00 lyea r
15.00 /year_ 40.00 /lyear /yea r 175.00 lyear
20.00 /year  45.00 /lyear /year  200.00 /year
More than $200.00 /year
E9) __/year $25.00 lyear $50.00 /yea r $100.00 /year
500 ____lyear 30.00 lyea r 60.00 /year 125.00 /yea r
10.00 lyea r  35.00 7yea_ r [Q.00 Jyear  150.00 /year.
15.00 /year h0.00 lyear 80 00 /year 175.00 ~ lyear
20.00 lyear 45.00 lyear 90.00 /year 200.00 lyear
More than $200.00 /year
E10) Answer only if you answered $.00 to the above questions. Did you bid zero

because you believe that:

En) $

TIon OU1o
S3S82 SHS

The air

quality

significant.

The source of the air pollution should be

improvements

represented

in the columns

are not

required to pay the costs
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of improving the air quality.
Other (specify)
/day $4OO _____lday $ 15. OO ____/day
/day 5.00 /day 20.00 a vy
/day 988 /day ______lday
/day ~____/day 088 —_ /day
/day 888 /day 75.00 /da
/day UU 7 /day 100.00 /day
/day 10.00 /day More than $100.00 /day



Answer Sheet 3

E12) $ .00 _____/dav $4OO /day $ 15.00 Iday
B0 — /day 5.00 Iday 20,00 / d ay
1.00 /day 6.00 /day 25.00 ~/ d a vy
1.50 Iday 788 Jday 50.004 &
2.00 /day 3. Iday 75.00 /day
2.50 /day” %88 /day 100.00 /day
3.00 /day 10. /day More than $100.00 /day
E13) 1 time 41 mes { _times 10 times
2 times 5 t mes 8 times 11 times
3 times 6 t mes 9 times 12 times
E1h) I time 4 times [ times 10 times
2 times 5 times 8 times 11 times
ti mes 6 times 9 times 12 times
EI5) § .00 Jyea r $25.00 /year $90.00 /year $100.00 Iyear
5.00 lyear 30.00 lyear 60.00 lyear 125.00 lyear
10.00 lyear 38 § lyear 5888 /year 150.00 lyea r
15.00 /year . lyea r . /year 175.00 lyear
20.00 /year 45, fyear 90.00 /year  200.00 /year
More than $200.00 . /year
E16) Home z p code E17) Rural Suburban Urban
E18) Education: under 12 years E19) Age group: under 18
High School 18-24
College - no degree %i4
Bachelor's degree 3
Post-graduate degree
55& over
E20) Sex: Male Female
E21). How many me hers are there in your household? persons
E22) Are you the primary income earner in your household? yes __nho

E23) Wouldyoup ease indicate.
hold income falls in:

less than $5,000
$ 5,000-7,499

—$ 7.500-9,999
$10,000-14,999 — $ 40
$15,000-19,999 —$45

$20,000-24,999

$25,000-29,999

$30,000-34,999

$35,000-39,999
0

00 -414, 9_¢

,000

which of the following groups your annual house-

0-64,999
0-69,999

0 000-74,999
and

up



INTERVIEWING SUPPLEMENT

[Additional information to be used by interview teams only if necessary.
Please note on answer sheet if this material was used!]

Scientific Basis of Photographs

The photographs you have been shown have been produced in the following
manner: Throughout the National Park System, photographs are being taken
twice a day (morning and afternoon) every day of the year at major overlooks.
Sophisticated electronic equipment, an instrument called a telephotometer, is
used to get a physical measure of visibility at the same time the photos are
being taken. This physical measure is called apparent contrast. Apparent
contrast is a measure of visual air quality. This measure is based on the
difference in light between a distant target (a mountain, for instance) and
the background sky. Apparent contrast can also be measured directly in the
photographs, which allows calibration between physical measurements and the
photographs. As a result of this data collection effort, we know how often
conditions shown as in columns A-E occur over a typical year.

What Causes Poor Visibility

Humidity (water in the air), dust (especially fine particulate), and
the gasses making up the atmosphere themselves all reduce visibility. Man-
caused pollution can contribute to poor visibility. Two types of fine particu-
late are partly caused by man: sulfates and nitrates. Emissions of nitrogen
oxides (gasses formed from atmospheric gasses under high temperature and/or
pressure) react in the atmosphere to form nitrates. Both automobiles and
industry are major sources of nitrogen oxides. Emissions of sulfur oxides
(gasses resulting from, for example, a combination of sulfur in fuels or ores
with oxygen) also react in the atmosphere to form sulfates. Industry, espe-
cially power plants and smelters, is the primary source of sulfur oxide emis-
sions. The contribution of sulfates and nitrates to poor visibility has been
determined by taking air samples during known visibility conditions and running
the air sample through a filter to capture particulate matter. Sulfates and
nitrates have been :shown to make a significant contribution to the visibility
problem. Records from airports in the Southwest show that visibility has
declined from an average of about 100 miles to about 80 miles over the last
twenty years.
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