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This volume is one of the reports p~ by~ institutions under
cooperative agreements with the Economic Wsearch~ of the united states
Environmental protection Agency (EPA). TllepurpXe of* RKugramis tocaxq
out economic reseamh that will assist EF!A in carrying out its missi- Until
very recently, most reseamh sPonso*bYthe~_t toimpzuve the
metlds = data amilable for determ~ the economic benefits of pollution
control, thereby assisting EPA and other Federal Agencies responsible for
preparing benefit-cost analyses of programs ti regulations. ~ benefit-
wst analyses are required as part of the Regulatory Impact Analyses maxiiated
for most major Federal regulations  by Executive Order 12291. The availability
of improved methods ail data will make it possible for EPA and other 4encies
to determine more accurately the economic efficiency of their regulations and
programs. Very recently, the scope of the Program has been expanded to in-
clude a broader range of research on increasing the economic efficiency of
pollution control.

The Economic Research Program was a part of the Office of Research and
Development (ORD) until early 1983, wh it was transferred to what is now the
Off ice of FtAicy, Planr@ and ~uaticm ~ ~tive agr==~ W
which this volume was pmpax=ed were ccncl@eii while the Program was still in
ORD; accordingly, ORD% important ccntrihrtia  should be reccgnizd

This volume is one of a series under the title Methods Development for
Environmental Control Benefits Assessment prepared mainly tier Cooperatfi
agreement R805059 with the University of Wyoming, although several of the
individual volumes were completed urder later cooperative agreements or tier
subagreements  with other institutions. Each of the other volumes in the series
is 1 isted on the f rent and back inside covers of this volume. The overall
purpose of the series is to report significant reearch results achieved wler
the ~tive ag===t. The purpc6e of the agreement was to develop im-
proved methods for assessing environmental benefits, with emphasis on air
pollution benefits. An earlier series of interim reports prepared under the
same cooperative agreement was published ~ EPA in 1979 tier the series title
of Methods Development for Assessing Air Pollution Control Benefits with
report numbers EPA-600/5-79-OOla through 001a

This volume contains five analytical and empirical studies of alternative
techniques for valuiq goods that are not marketed, with emphasis on some of
the difficulties with usimj &nefit* techniques in analyses of air pollu-
tion control programs - m~. These studkar eimportantto  EFA be-
cause of the importance of determining the economic benefits of air (and
other) pollution control pmcjmuns axxl m~ W the present difficulties of
doing so. Only by solving these cliff iculties can EPA maks reliable benefit-
cost estimates of the many benefits of its prcgrams and regulations which are
not g- sold in markets.

Alan Carlin
Off ice of 1331iq, Plaming
alxl J3mluation
Washhytm , D.C.
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. .
ADS TRACT

This volume presents analytical and empirical comparisons of alternative
techniques for the valuation of nonmarketed goods. The methodological base of
the survey approach--directly asking individuals to reveal their preferences
in a structural hypothetical market--is examined for bias, replication and
validation characteristics. Upon finding in an experiment in the South Coast
Air Basin that the survey approach does not appear to be bias ridden,
satisfies some replication tests and was crossvalidated  by the property value
hedonic technique, a simplified benefit-cost analysis was conducted. The
results imply that ambient air quality standards in the South Coast Air Basin
are probably economically justified, though uncertainty concerning the benefit
and cost calculations exists. To provide a third basis for comparison, the
wage--hedonic technique--where it is assumed that higher wages must be paid,
everything else held equal, to induce people to live in polluted communities,
was implemented on a trial basis for the Standard Metropolitan Statistical
Areas of Denver and Cleveland. The purpose was to explore if a relative low
cost technique could be utilized in achieving a national benefit estimate.
Given the research presented in this volume, it appears the three techniques
could be utilized in constructor.g a national benefit estinate.
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CHAPTER 1

INTRODUCTION

Benefit-cost analysis is a well established mode of applied economics
extensively used for the evaluation of public investment projects and most
recently environmental policies. This volume deals with some of the special
difficulties in the use of benefit-cost analyses in programs designed to
preserve or maintain air resources. The specific task is to estimate the
benefits associated with alternative levels of air quality. If benefit-cost
analysis is to be employed for decisionmaking, techniques need to be devised
to impute economic values for changes in the quality of air resources.

Two approaches have been proposed for measuring the value of non-market
goods . The most widely accepted approach has been the use of hedonic prices,
where it is assumed, for example, that either wages or housing values reflect
spatial differences in the quality of air resources. Alternatively, using
survey techniques, one may directly ask households or individuals to state
their willingness to pay for alternative levels of visibility. The necessity
for an alternative approch, to the hedonic, lies in the spatial nature of air
resources. In a well developed housing market, the hedonic approach is
appropriate. However, consider the case of a remote and unique scenic vista,
valuable to recreators, which is threatened by air pollution from a proposed
coal fired power 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 construction for socially optimal decisionmaking. The
hedonic approach is unavailable both because the scarcity of local population
makes use of wage or property value data impossible and because scenic vistas
may themselves be unique.

The empirical implementation of the survey approach, however, raised
questions of bias, replicability,  validation by other techniques, and appro-
priateness for benefit-cost analysis given the hypothetical nature of the
technique. Before incorporation of survey approach results into benefit-cost
analysis these questions require answers. Accordingly, the chapters that
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follow address the following topical areas.

In Chapter 2--Valuing Environmental Commodities: Some Recent
Experiments, we evaluate the results of six recent experiments which have
utilized the suney approach for estimating a nonmarket attribute associated
with the environment. Where possible, the issue of replication of results is
addressed. The rafige ’of environmental attributes valued in the six
experiments was quite large--noise, wildlife, strip mining, and visibility.
Four out of six attempted some internal methodological cross check. Biases,
within the survey approach, do not appear to be an overriding problem.
However, the studies indicate the need to establish a precise market,
hypothetical in nature, for the survey approach to be useful.

In Chapter 3--Valuing Public Goods: A Comparison of Survey and Hedonic
Approaches, we take up the central issue of validating the survey approach.
Although the results of Chapter 2 suggest the survey approach is internally
consistent, replicable  and consistent with demand theory, no external
validation had been undertaken whereby a comparative analysis using another
approach independent of the survey had been conducted. Thus , the purpose of
this chapter is to report on an experiment designed to validate the survey
approach by direct comparison to a hedonic property value study.

The Los Angeles metropolitan area was chosen for the experiment due to
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.
Respondents were asked to provide their willingness to pay for an improvement
in air quality 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
improvement in air quality.

For comparison to the survey responses, data was obtained on 634 single
family homes sales which occurred between January, 1977, and March, 1978,
exclusively in the twelve communities used for the survey analysis.
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
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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 estimates of household willingness to pay
for the survey responses, if the suney responses are a valid measure of the
value of air quality improvements. The theoretical model described predicts
that suney respon%es>will  be bounded below by zero and above by rent
differentials derived from the estimated hedonic rent gradient. 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 nonmarket goods.

In Chapter 4--The Advantage of Contingent Valuation Methods for Benefit-
Cost Analysis, we address why the survey approach is especially useful in pro-
viding information to be utilized in environmental decisions. The chapter is
taxonomic in nature discussing why survey methods may often be a superior
means of generating data with which to value nonmarket goods. Specifically
the issue of the hypothetical nature of the suney technique is addressed. We
argue that within the constructs of economic theory, it is wrong to view
hypothetical responses as fictional, and that the survey approach is quite
often the only technique which can address future events without going through
the costly exercise of actually constructing a market.

Chapter 5--An Examination of Benefits and Costs of Mobile Source Control
Consistent with Achievement of Ambient Standards in the South Coast Air Basin,
is an examination of the benefits and costs of the national ambient air
quality standards as applied to all portions of Los Angeles, Orange, Riverside
and San Bernardino Counties in southern California. The results set forth are
based on the qualified arguments presented in Chapters 24 suggesting that both
the survey approach and property value approach are valid techniques of
benefit-cost analysis. Based upon modeling contained in the region’s
Air Quality Management Plan, achievement of the ambient standards in 1979
would require emission reductions of the 974 tons/day, 5963 tons/day and 503
tonslday of reactive hydrocarbons, carbon monoxide and nitrogen oxides. It iS
the share of these emission reductions attributable to on-road mobile source
control which was evaluated using benefit-cost analysis.

Benefits were calculated through an examination of housing value differ-
entials attributed to air quality (see Chapter 4). Achieving the ambient air
quality standards was consistent with improving the “fair” and “poor” air
quality regions to the “good” category as specified in Chapter 3. In effect,
this constituted an approximate 30 percent improvement in the fair areas and a
45 percent improvement in the poor air quality areas. Corresponding benefits
were estimated to fall between 1.6 and 3.0 billion dollars per year,
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independent of any benefits accruing to agriculture and ecosystems. The share
of these benefits associated with on-road mobile source control was estimated
to be 1.362.55 billion dollars.

Cost estimates were developed from existing data sources, primarily from
manufacturer statements and government publications. Given the variation in
control cost optio<ns and the uncertain nature of the cost figures, it was
found that on-road mobile source controls consistent with a policy sufficient
to achieve the ambient standards in 1979 would involve a cost of between .61
and 1.32 billion dollars, with a best estimate of 1.02 billion dollars.

The benefits from on-road mobile emissions reductions consistent with
satisfying the ambient standards are of the same order of magnitude as the
cost estimates. T%is implies that the ambient air quality standards are not
without some economic justification, though the uncertainty concerning the
benefit and cost calculations prevents one from accepting the controls
outright. However, on-road mobile controls consistent with the air quality
standards cannot be rejected as economically inefficient either. Therefore,
although the mid-range benefit estimate exceeds the mid-range cost estimate,
the situation is best characterized as highly uncertain. Further, the static
analysis performed does not answer significant questions concerning the
behavior of the benefit and cost functions over time. Stronger statements
could only be made in the context of a much more detailed analysis supported
by a solid cost data base.

In Chapter 6--Effects of Air Pollution and Other Environmental Variables
on Offered Wages--we report on some exploratory estimates of the effect of
changes in air pollution levels on offered wage rates. This approach is
appropriate for a national benefits study where it is assumed that higher
wages must be paid, everything else held equal, to induce people to live in
polluted communities.

Annual benefit estimates from pollution abatement in the two cities are
positive according to the calculations made here. For Denver, meeting the
national secondary standards for TSP results in a reduction in the offered
real wage, from $4.1758/hr. to $3.9626/hr. Multiplying this difference of
$.2136/hr. by the number of persons affected times 2000 hours yields an esti-
mated annual benefit for Denver of $92,968,935. A similar calculation for
Cleveland reveals that meeting the national secondary air quality standards
causes the real wage to fall from $3.8756/hr. to $3.7693/hr. implying a
benefit of $81,360,489. Note that benefits per household head in the two
cities are $426.35 for Denver and $212.60 for Cleveland. This preliminary
research suggests the wage hedonic technique is viable for estimating air
pollution control benefits for standard metropolitan areas across the nation.
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A national benefit estimate for air pollution control based on consumer
perceptions as reflected in wages and property values appears possible.
Further, the use of the survey approach to assess the value of perceived
benefits, such as visibility improvements, not captured by wages and property
values appears feasible.

,,
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. . .
Chapter 2

VALUING ENVIRONMENTAL COMMODITIES: SOME RECENT EXPERIMENTS

INTRODUCTION

During the past few years, economists have been attempting to apply a
variety of techniques to reveal preferences of individuals on nonmarket
environmental commodities [Bradford (1970); Bohm (1971); Randall, et al.
(1974a); Brookshire, et al. (1976)]. These techniques, in general following
Davis (1963), have attempted through a set of questions to obtain bids from
individuals which would represent their maximum willingness to pay for a non-
market commodity. Almost simultaneously, other economists have made sub-
stantial contributions to conceptually assessing the demand for nonmarket
commodities and public goods [Rosen (1974); Muellbauer (1974); Hori (1975)].
The consumer of nonmarket commodities in these studies is viewed as a utility
maximizer who combines purchase of private goods (and use of public goods),
constrained by a household technology, to produce a set of desired character-
istics [Lancaster (1966)]. Given this basic structure, methods were suggested
for calculating implicit prices for the household characteristics and non-
market goods used or produced by the consumer [Hori (1975)]. This paper is an
assessment of six recent experiments which have attempted to reveal prefer-
ences for environmental goods, where each experiment in some way utilized a
mix of both the techniques and the theory of demand for nonmarket commodities.
Each experiment was designed to estimate a nonmarket attribute associated with
the environment and also analyze potential biases in the techniques employed.
In order to evaluate these studies, a rather general model of the consumer
behavior is proposed. Potential biases are then discussed for various methods
used to discover environmental preferences. Following this, the six
experiments are examined on the basis of their methodological structure and
types of biases encountered. Where possible, the issue of replication of
results is addressed. In this paper, we do not attempt to evaluate all types
of environmental effects or possible ways of measuring them. Rather, a
limitedlset of possibilities is examined both as to technique and type of
effect.

Many environmental policy issues involve changes in environmental
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attributes resulting from population growth and energy development. For
example, operation of coal fired electric power plants may significantly
reduce visibility and disturb landscapes in addition to inducing possible
health effects. Strip mining coal may have substantial detrimental effects on
wildlife populations in addition to the expanded demand for wildlife arising
from a larger local population. The construction of geothermal plants
adjacent to existi’n”g forest recreation areas may, through siting and noise,
disturb an otherwise pristine, quiet recreation area. Essentially,
recreational use and benefits would be changed by these developments but there
are no existing markets to adequately price the changes. Similarity,
population growth in some urban areas has caused significant problems with
photochemical  air pollution. If benefit-cost analysis is to be employed for
decisionmaking,  techniques need to be devised to impute economic values for
these and other environmental changes. The six experiments evaluated here are
tests to determine the feasibility of deriving implicit prices and/or
valuations for the types of changes mentioned above.

The techniques to be examined range from purely hypothetical direct
evaluations asking for dollar bids to hypothetical questions asked of house-
holds and recreators concerning changes in behavior to enable the imputing of
their preferences. In each case, the household was confronted with a possible
change in an environmental attribute and asked for a valuation. Since the
valuation was contingent on the specific hypothetical change identified
(through photographs, brochures and other m ans), we propose that such

?
approaches be called contingent valuations. Individuals can be queried as to
willingness to pay, minimum compensation, evasive behavior, past experiences,
current experiences, potential site or activity substitutions, potential
expenditure adjustments, income compensation coupled with potential behavioral
adjustments, etc. which can be utilized with appropriate theoretical
structures to estimate demand cumes for environmental attributes.

In some of the experiments, the household valued the change in environ-
mental attribute directly by bidding for alternative provision levels [Brook-
shire, et al. (1976)]. In others, the individual was not only asked to bid,
but also provide information on behavioral adjustments and sale of the
environmental attribute [Randall, et al. (1974a); Rowe, et al. (1980);
Brookshire, et al. (1980)].

To obtain accurate information for individual valuation of nonmarket
environmental commodities can be costly. In many cases to actually derive
true values, a “market” must be set in a place where one did not exist and
operated to record prices and demands where the environmental attribute is
actually purchased or sold. However, to construct and operate such a market
may be extremely costly, especially if there are irreversibilities associated

7



with its operation. A less costly approach is to use a contingent valuation
study where prices can be imputed without the actual operation of an organized
market, but a hypothetical m’arket is structured. However, because of its
hypothetical nature, several potential biases may occur. The major types of
biases are: (1) strategic bias whereby the individual may attempt to in-
fluence the outcome or result by not responding truthfully; (2) information
bias, which is a pbtential set of biases induced by lack of, or type of,
information given to the consumer in the contingent market; (3) instrument
bias, which is bias introduced by the process or procedures employed to dis-
cover preferences; (4) hypothetical bias, which is the potential error induced
by not confronting the individual with an actual situation, i.e., an organized
market with well-defined prices; or sampling, interview or nonrespondent
bias.

3
Clearly, asking someone what they will do or pay a priori is not the

same as confronting them with a recognized and well-understood market and
observing what they actually pay. It is more analogous to the individual
making decisions on contingent events, e.g. , if air quality deteriorates, I
will move to a cleaner community. Of the list of studies summarized herein,
the list directly compares a contingent valuation study with a more
traditional property value study to assess the magnitude of these potential
biases and attempts to resolve the actual versus hypothetical
[Brookshire, d’Arge, Schulze, and Thayer (forthcoming(d))].

A THEORETICAL FRAMEWORK FOR VALUING ENVIRONMENTAL AMENITIES

payment question

The variety of empirical approaches used to value environmental ameni-
ties, whether examining contingent or actual behavior or market prices, have
typically been based on a particular ad hoc theoretical structure. This
section attempts to provide a common theoretical basis for the variety of
approaches outlined earlier and serve as a focus in evaluating the six
experiments presented in later sections. Both
(1974) have also examined available approaches
perspective.

A general modeling structure must include

Freeman (1979a,b) and Maler
from a consistent theoretical

the possibility of consumer
substitution across activities and locations; and must include site or ac-
tivity specific levels of environmental quality. Individual utility is thus
specified as a function of levels of activities, A , . . ., A., . . ., A ; as
a function of a composite commodity X, A“unaffected by activity specific

n

environmental quality; and (where the subscripts denote different activities)
as a function of environmental quality for each activity, Q , . . . , Q. , . .
., Qn, where we take increases in Qi

1
as increasing environmental quality.

Note we can allow possibly different environmental quality levels both by
varying Qi for a specific activity A. which can occur over many sites or by
defining a site specific activity in=which case different Qi’s are associated
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with different

where 3U/3A. =
in Ai, Qi, And
obvious, g+ven

sites. Utility is then a quasiconcave function,

U(A1, . . .,An; Q1, . . ., Qn; x) (1)

Ui>O, au/aQ. U >0 so utility is increasing
xA–

= U1>(), and 31J/3X = ~
. ‘s--Of cour~e, a sumptions on the separability of U are

thatenvironmental  quality is related to specific activities in
the model.” However, we do not pursue that issue here. Rather, we focus on
the form of an individual’s marginal willingness to pay for environmental
quality.

The budget constraint necessary to specify the consumer’s optimization
problem is given as:

n
Y- E PA -X>o

ii—
i= 1

(2)

n
or income Y minus the sum of expenditures on activities .Z PCA. (P.  is taken

as the price of activity i which may, in fact, representl~&in*  ~ons~mption of
several market commodities; for example, activities might include driving to
work, recreating, shopping, etc.) minus expenditures for the composite
consumption commodity X (price for X is taken as unity to simplify the
analysis) must be nonnegative.

For a given vector of environmental quality, the household will then
choose to allocate activities such that (1) is maximized subject to (2) which
in turn implies that:

-. -.
u’

L
A <p., (UA -Pi) oAi=O, _Ai>O i=l,2,0. .,n (3)
q–lq

or the marginal rate of substitution between activity i and the composite
commodity X equals the price of activity i, if that activity is chosen (A >
o) . We, of course, assume X > 0.

i

To determine the marginal willingness to pay for environmental quality
for a particular activity, for example i = 1, we set utility as given in
equation (1) equal to a constant and totally differentiate the resulting .
expression. By then taking the total differential of equation (2), setting
dQ =Oforalli#l, dP = O for all i, and by using (3) we obtain

i i



u’
$ =-dY (4)

~
x 1

as the change i~ income necessary to offset a change in environmental quality
for activity 1. If the objecti e is to determine the marginal willingness to

1
pay for environmental quality (UQ/Ux), one obvious approach is to simply
postulate in a sur+ey” questionnaire that Q

i
increases by a small amount dQ ,

where market prices are hypothetically hel iconstant, and request informat  on
on the contingent willingness of the individual to give up income for an
increase in quality (so dY would be negative in this case). This direct
approach, however, is open to questions of bias, a topic we take up in more
detail later.

A second approach is to actually assume that prices of activities do not
change in response to a change in environmental quality. For many recreation
situations this may well be a reasonable approximation. For example, if an
energy development such as a power plant disrupts a recreation site,
recreators may respond by driving further to other alternative sites. If no
entrance fees are employed or if such fees are institutionally fixed, if
driving costs--the price of gasoline, etc. --and prices of recreation equipment
do not change, then the assumption that dP- = O for all i appears to be a good
one. In that case the marginal willingnes~ to pay can be determined by again
setting utility in equation (1) equal to a constant and totally
differentiating the resulting expression, by using equation (3) and by
assuming dQ =Oforalli+l

i

1
~=-

Ux

and that dP = O
i

for all i, to obtain:

(5)

Where prices are known, an estimate of the value of environmental quality can
then be obtained empirically by collecting data on dA./dQ , the compensated
change in the pattern of, for example, 1recreation actlvit es in response to a
change in quality, and on dX/dQ1, the compensated change in expenditures not
related to recreation activities. Note that here we assume Q1 is tied to a
specific recreation site. Of course, the change in environmental quality can
be hypothetical, resulting in contingent changes in activities, or actual
crosssectional or time series data can be employed where environmental quality
varies over space or time. In any case, all studies to date focusing on
substitution of activities or commodities in response to changes in
environmental quality that we are aware of have assumed prices to be fixed.

In contrast to the above approaches, the hedonic approach, focusing on
price effects of changes in environmental quality, assumes that PI, the price
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associated with Al and in turn Q , varies, but that all other prices still
remain fixed. Thus, again assuming  utility is constant and by totally
differentiating equations (1) and (2) where dPi/dQ1 = O for all i # 1, using
(3), we obtain:

. .
(6)

where we also assume dY = O since compensation is achieved at the margin
through the hedonic price gradient, dP dQ . Thus , individuals are compen-
sated for lower levels of environmentsi qu~lity by a lower price. As an
example of this approach, consider a study which uses differences in property
values to value air quality. Serious questions must be raised concerning the
reality of the assumptions that other prices remain unchanged in response to
differences in air quality. For example, if wages or golf fees vary with air
quality levels, property values may not fully capture the willingness to pay
for air quality. Note that in this case we assume that Q1 is environmental
quality associated with an activity or activities.

In summary, the marginal willingness to pay of consumers for environ-
mental quality can be determined as shown in our theoretical context by three
approaches. First, consumers can be directly asked to provide their marginal
willingness to pay, dY/dQ,. Second, assuming no price changes occur,
information can be collected on dA./dQ1 and
activities and expenditures which &ccurs in
environmental quality. From these data one
to pay. Third, assuming all prices but one
single remaining price, dP, , can be used to

dX/dQ1, the substitution of
response to a change in
can impute a marginal willingness
are invariant, the change in the
impute environmental benefits. Of

the three approaches, the &e which requires the fewest a priori assumptions
and minimal data collection is the first, contingent bids derived utilizing
survey instruments. However, serious questions of possible bias remain. The
next section discusses possible biases in the survey questionnaire approach.

CONTINGENT VALUATION AND BIAS

Economists have argued that valuing public goods through a direct demand
revealing process such as a contingent market would yield biased results. The
principle theoretical support for this contention is the possibility of
strategic bias. However, as survey techniques to elicit contingent behavior
or bids have come into use--in part because development of energy resources in
formerly pristine environments allows no other techniques to be used-- other
types of bias have come to be regarded as just as inportant. These include
information bias, instrument bias, hypothetical bias and traditional problems
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of sampling, inteniewer, and
current understanding of such

non-respondent
biases.

Strategic Bias

Beginning with Samuelson’s seminal work

bias. This section reviews our

on public goods, it has been
supposed that dirett revelation of consumer preferences for such goods--and,
of course, environmental quality is a public good--would be impossible
[Samuelson  (1954)]. In particular, the free-rider problem would give indivi-
duals incentives to misstate their preferences. For example, if nearby resi-
dents were asked how much they were willing to pay to clean up the air near a
power plant and if they suspected that control costs would be borne by con-
sumers and owners elsewhere, local residents would have an incentive to over-
state their willingness to pay. On the other hand, if residents suspected
that they would be individually taxed an amount equal to their own willingness
to pay, then a clear incentive would exist to understate their own true value,
hoping that others would bid more.

Each approach for eliciting willingness to pay will potentially generate
its own bias. Thus if recreators are told that the average of their bids to
prevent construction of a nearby power plant will be used to set an entrance
fee, those individuals who suspect their bid to be greater than the average
bid will have an incentive to overstate their willingness to pay. They, in
fact, have an incentive to raise the average bid as close as possible to their
own true bid. In other words, individuals will have incentives to misstate
their own preferences in an attempt to impose their true preferences on
others. This will require a substantial amount of information to actually
behave in this manner [See Brookshire and Eubanks (forthcoming (a))]. Of
course, if the respondents to such a survey do not believe the survey will
have any impact on policy or outcomes, then no incentives for bias exists. The
hypothetical nature of such surveys may then, in actuality, aid in eliciting
bids which are not strategically biased. Alternatively, since payment is not
required, a tendency to exaggerate willingness to pay for a preferred outcome
might also exist.

Empirical evidence thus far does
bias among consumers. Bohm (1971) in
actual payments for public television
cantly affecting the outcome. Scherr

not support the existence of strategic
an experimental approach utilizing
failed to find strategic bias signifi-
and Babb (1975) utilized three different

mechanisms for valuing public commodities and found little evidence supporting
the existence of strategic bias. Smith (1977) in laboratory experiments also
failed to find strategic bias “as a significant problem. The case studies to
be reported in the next section, where tested for, also do not find strategic
bias to be a problem.
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Information Bias

Since contingent behavior or valuation is hypothetical, it is clear that
answers obtained through surveys are not based on information similar to that
which would apply if consumers based answers on real expe iences.

z
One is an

ex ante response while the other is an ex Yost statement. Typically,—— .
consumers do reevaluate decisions on the basis of experience and gained know-
ledge. Thus, an individual or household might respond to a hypothetical de-
crease in environmental quality at one location with a low bid, thinking that
other nearby sites would make good substitutes. However, in a real situation
the individual might have found that other sites involved more travel costs
and were less satisfactory than imagined. The information presented to the
respondent in a survey situation relating to substitution possibilities and
alternative costs may well change the stated willingness to pay relative to
other types of information. Thus information bias can refer to the structural
content of the contingent market being different than the valuation problem at
hand. That is, the respondent must be made aware of proposed alternatives in
terms of quality or quantity. Other variants of information bias might
include giving the respondent information as to how other respondents behaved,
whether in the aggregate their bid was sufficient to achieve (or not achieve)
the stated goal (i.e., possibly prevention of visibility deterioration) or
alternative sequencing of questions.

Instrument Bias

Related to information bias is instrument bias whereby characteristics of
the mechanism for obtaining willingness to pay possibly influence the outcome.
Two characteristics of the survey bidding approach are vehicles for payment
and a starting point for initiation of the bidding process. Studies have
recognized that the mechanism used to collect the bid or pay compensation may
influence its magnitude [Randall, et al. (1974a)]. That is, if the recreator
pays a higher park entrance fee rather than another type of tax, his bid for
an environmental attribute may differ. From economic theory, the bid should
differ, if the price of the commodity represented by the bidding vehicle
changes, provided the recreator’s substitution possibilities associated with
alternative payment mechanisms are different. When a payment vehicle allows
the individual to substitute over a wider range of current commodities
purchased, then the bid should be higher or compensation lower than where the
range is smaller. Ideally, the bid or compensation should be related to
adjustments in disposable income or wealth, where the individual has the
greatest latitude for potential substitution. Practically, however, a
believable payment mechanism related to income adjustment, in general, cannot
be applied. For example, surveys are often taken at recreation sites away
from the individual’s locale or state. In this case, a wage tax may not be
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viewed as realistically payable by the recreator. Thus, there is a tradeoff
between accuracy associated with a less than ideal method of payment and the
believability of the vehicle for payment or compensation. The reduction in
substitution possibilities for a more believable payment mechanism is likely
to reduce the contingent expenditure or increase the compensation estimate.

A second type’ ofinstrument bias is starting point bias. The contingent
valuation approach commences with questions on payment (and/or compensation)
for hypothetical changes in environmental attributes. Contingent bidding sur-
veys to date have asked the recreator (or any type of interviewee) a question
with a “yes” or “no” answer rather than a question requiring explicit calcu-
lations [See Randall, et al. (1974a), Brookshire, et al. (1976)]. It is pre-
sumed the recreator can more accurately respond to the yes/no question frame-
work, although to our knowledge, this proposition has not been formally tested
for individuals responding to contingent valuation questions. Given the pro-
position that yes/no responses are desirable, often a starting bid or minimal
level of compensation has been suggested. The potential bias arises in sug-
gesting a starting point from at least two possible sources. First, the bid
itself may suggest to the individual the approximate range of “appropriate
bids.” Thus the individual may respond differently depending on the magnitude
of the starting bid. Second, if the individual values time highly, he may
become “bored” or irritated with going through a lengthy bidding process. In
consequence, if the suggested starting bid is substantially different from his
actual willingness to pay, the bidding process may yield inaccurate or only
roughly approximate results. The effect of these two types of starting point
biases may substantially influence the accuracy of contingent valuation and
therefore the usefulness of this approach for assessment of environmental
preferences.

Hypothetical Bias

The discussion on information bias suggested that the contingent valu-
ation approach will give answers dependent upon the information or “state of
the world” described. The contingent valuation approach requires postulating
a change in environmental attributes such that it is believable to the indivi-
dual and accurately depicts a potential change. The change must be fully
understandable to him, i.e. , he must be able to understand most, if not all,
of its ramifications. The individual also must believe that the change might
occur and that his contingent valuation or behavioral changes will affect both
the possibility and magnitude of change in the environmental attribute or
quality. If these conditions are not fulfilled, the hypothetical nature of

7
contingent valuation approaches will make their application utterly useless.
A test of hypothetical bias would require that the perturbation proposed would
occur and then the respondents actual reaction would be evaluated in terms of
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the previous hypothetical statements of willingness to pay. This, however,
makes it extremely difficult to measure the extent of hypothetical bias within
a contingent experiment since it depends not only on the structur~ of the
experiment, but also on the “uncontrolled” factors of the future.

Other Bias
.

Any survey approach, including the contingent valuation approach, is
subject to sampling bias, non-respondent bias and interviewer bias. Any of
these certainly can subject the results of an experiment to question even if
all previously mentioned bias are non-existent. Given the acknowledgement of
these biases, we will not discuss them in detail here given their wide recog-
nition in the survey literature. However, in discussing the case studies in
the next section, the possible existence of these biases will be discussed in
each study, where the information is available.

VALUING ENVIRONMENTAL QUALITY: RECENT CASE STUDIES

There have been numerous efforts to apply a variety of techniques for
valuing non-marketed goods; public television [Bohm (1971)]; land-form alter-
ations due to strip mining [Randall, et al. (1978)]; air pollution-induced
health effects [Loehman, et al. (1979)]; wildlife [Hammack and Brown (1974),
Bishop and Heberlein (1979)]; water pollution [Gramlich  (1977)]; presentation
of river headwaters [0’Hanlen and Sinden (1978) and Sinden and Wyckoff
(1976)]; urban infrastructure allocations for expenditures and taxes [Strauss
and Hughes (1976) and Cummings et al. (1978)]; airplane safety [Jones-Lee
(1976)]; and recreation [Davis (1963)].

This section will summarize in chronological order six studies which have
in common the use of a survey technique which had its first empirical
application by Randall, et al. (1974a,b). (The Randall, et al. study was the
first systematic presentation and empirical implementation of the contingent
bidding survey approach which set the stage for further inquiries.) Tracing
the methodology development which has occurred through these six studies aids
in understanding issues relating to bias problems, replication issues and
methodological cross checks. The last study discussed, the South Coast Air
Basin Experiment, addresses the question of validation of the contingent mar-
ket approach by direct comparison of contingent results with a hedonic--market
data based-study.

The Four Corners Experiment

The Four Corners Experiment [Randall, et al. (~974a,b)] represented the
first empirical application of the survey approach. The roots of the effort
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can be traced to Davis (1963) and Bohm (1971). The focus of the study was to
investigate the impacts of Navajo coal strip mine and the Four Corners elec-
tric generating plants in the Southwest region. Specifically, aesthetic ben-
efits of abatement of environmental damage resulting from air pollution (visi-
bility), power lines and land disturbance from mining activities were esti-
mated. As such, the study laid the framework for
studies. ,..

The analysis focused on the design of survey
alternative mechanisms within the instruments for

future contingent valuation

instruments exploring
eliciting willingness to

pay. No bias tests (i.e., hypothetical, information, instrument, interviewer,
non-respondent sampling bias tests) were formally reported.

10
The Lake Powell Experiment

Lake Powell, with an annual visitation now approaching two million
visitor days, is an excellent example of the tradeoff between preservation and
development. The lake was formed by the filling of Glen Canyon but retains
the steep cliffs, rugged terrain features, and scenic vistas one associates
with the Grand Canyon, and is now accessible to pleasure boaters and other
recreators. Construction of the Navajo coal-fired generating station located
at the southern end of Lake Powell was completed in 1976. Another larger
plant, the Kaiparowitz Project, was also proposed for construction near Lake
Powell and became an issue of substantial public concern.

As part of the Lake Powell experiment, during the summer of 1974,
recreators at Lake Powell were interviewed in an attempt to determine the
aggregate willingness to pay to prevent construction of the proposed
Kaiparowitz plant [See Brookshire, et al. (1976)]. Photographs of the
existing Navajo power plant which all of the recreators had seen stacks remain
visible more than 20 miles up the lake were shown to recreators both with
visible pollution emanating from the stacks and with the stacks alone.
Recreators were then asked what entrance fee they would be willing to pay to
prevent construction of another similar plant, first, where only pollution
would be visible from the lake itself, and second, where both stacks and pol-
lution would be visible.

The analysis of the data focused on strategic bias. As noted above, if
recreators believed that a uniform entrance fee might actually be set on the
basis of the average bid of the sample to prevent construction or believed
that construction plans might be affected by the research results, then
“environmentalists” might well bid very high, a
zero dollars in an attempt to bias the results.

~~ “developers” might well bid
A theoretical model of

strategic bias was constructed to explain the distribution of observed bids
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which would likely be bimodal rather than normally distributed if strategic
bias was present. The fact that the actual distribution of bids was normally
distributed was thus taken as evidence that strategic bias was not present.
It was suggested by Brookshire, et al. (1976), that the absence of strategic
bias might be due to the hypothetical nature of the experiment--few
respondents felt that their answers would affect real world outcomes.

.,

Hypothetical, information and instrument bias were not addressed in this
experiment. Experimental biases such as interviewer, non-respondent bias and
sampling bias did not appear significant. The interviewers taken separately
had means and a distribution of bids that corresponded to the sample popula-
tion as a whole. In sampling which was randomly conducted for the four prin-
cipal users of Lake Powell, on the lake, in campgrounds, at motels and in the
town of Page, the highest refusal rate for residents was less than one
percent.

The
model of
creators
visitors

remainder of the research was devoted to specifying an econometric
the bidding game results to estimate income effects by groupre-
were divided into four categories, developed and remote campers, and
to and residents of the nearby town of Page, Arizona. Although the

effect of individual income by group on bids was statistically significant at
least 99% level, the income effects were all very small. It was demonstrated
that both theoretically and empirically the small income effect implied: (1)
that a compensated surplus measure would not differ practically from the equi-
valent surplus measure used in the experiment; and, (2) that income redistri-
bution between groups would not significantly affect the aggregate bid.

The average bid per family or recreator group was $2.77 in additional
entrance fees in 1974 dollars, and the total annual bid--which can be inter-
preted as an aggregate marginal willingness to pay to prevent one additional
power plant near Lake Powell--was over $700,000. An important point is that
the results show impressive consistencies both with the one previous study
[Randall, et al. (1974a)] in the region as well as with the succeeding
Farmington experiment discussed below.

12
The Farmington Experiment

This study reported in Blank, et al. (1977) and Rowe, et al. (1980)
attempted to establish the economic value of visibility over long distances
for Farmington residents and recreators at Navajo Resenoir. Clearly, the
ability to obsene long distances is almost a pure public good. In addition,
efforts were made to examine the extent of certain biases which the Brookshire
et al. (1976) study identified. These were information, strategic, starting
point, and instrument biases on compensating and equivalent surplus measures
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of consumer surplus.

Recreators and residents in the Four Comers Region of New Mexico and
Arizona were interviewed. The interviewee was shown a set of pictures de-
picting visible ranges. Picture set C had a visible range of 25 miles and
picture sets B and A were 50 and 75 miles respectively. The pictures repre-
sented viewsin different directions from the same location, the San Juan
Mountains and Shiprock.

The first part of the experimental bidding game was structurally similar
to that of Randall, et al. (1974a,b) and Brookshire, et al. (1976). A
sequence of questions on maximum willingness to pay and minimum compensation
were asked via a sumey instrument. The second method followed that of Rosen,
(1974), Muellbauer  (1974), and Hori (1975) in attempting to utilize the house-
hold production function. The motivation was to attempt a methodological
cross check by collecting market type information via a survey instrument.
The contingent behavior component of the questionnaire attempted through con-
tingent changes in time allocation to infer an expenditure function and com-
pensated demand curve, primarily by postulating an exact form of a utility
function and estimating a time related household technology [Blank, et al.
(1977)]. Thus, the first approach bidding game was an attempt to measure the
right-hand-side of equation (4), while the second contingent behavior based on
contingent behavioral changes, attempts to measure the components of the
right-hand-side of equation (5). These estimates from the contingent bidding
and contingent behavior portions of the experiment are not directly comparable
because the contingent behavior estimates include residents in addition to
recreators which should increase the magnitude of the estimate.

As part of the contingent bidding approach, direct tests were made for
strategic bias, information bias, and instrument bias. First, for strategic
bias investigation, the survey instrument was structured so th individual was

?3
told that he would have to pay the “average” bid, not his own. The
presumption was that if his bid were below the mean bid provided by the inter-
viewer and he desired to increase the magnitude of the final aggregate bid
strategically, he would bid higher in order to shift the final bid upward.
Alternatively, if his goal in bidding strategically was to reduce the final
mean bid, he would revise his bid downward. Only in the unlikely case when
the individual’s maximum bid is identical to the mean bid would there be no
incentive for the individual to change. In only one case was an individual
observed acting strategically and he turned out to be an economics professor
from the local Junior College! This additional indication along with the
results of Brookshire, et al. (1976) suggests that individuals generally do
not act strategically, at least in a meaningful manner to bias the outcome of
the results.
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For information bias, it was suggested to the individual that his or her
bid was too low--that the bid was not sufficient to keep power plant emissions
at present levels for sustained high quality ambient air. The individual was
then asked if he or she would revise the bid. Fully one-third revised their
bid when confronted with the possibility that their bid was insufficient.
This latter result is indicative of the effect that new information possibly
has on bidding behavior.

Analysis was made of various forms of instrument bias, essentially trying
to establish influences of various aspects of the contingent market structure.
It was observed that the higher the starting bid suggested by the interviewer,
the higher the maximum willingness to pay (equivalent surplus) estimates
derived from the study. Thus, if the interviewer suggested a bid of $1.00
higher, on the average, individuals would “bid” about $.60 more. AIso,  the

choice of method of payment influenced the magnitude of the bid significantly.
Individuals were willing to bid higher when confronted with a “payroll tax”
than with an increase in entrance fees. Finally, it was observed that whether
or not the individual was given previous information on average bids, has a
substantial impact on the maximum bid. We do not wish to suggest these
results indicate any final conclusions with regard to the information bias
problem with the contingent valuation approach, but they are suggestive that
for these approaches to be accurate, one must be very careful with the
instrument used for payment and the amount and quality of information given to
the interviewee upon initiation of the interview.

Other potential biases--sampling, non-respondent bias and interviewer
bias--are also of interest. The sample design attempted a stratified sample
with respect to household income, ethnic background, age, sex and resident/
nonresident. After identifying neighborhoods with certain characteristics and
times of day appropriate for finding males and females at home, two approaches
were utilized in obtaining interviews: randomly going door to door and
telephoning to set up an interview time. A significant non-respondent bias
might exist for the Farmington resident interviews. Up to 75% of the phone
call requests for an interview were rejected and up to 50% of the door to door
requests were declined. However, for the recreators’ intemiews at Navajo
Reservoir, less than 5% of the requests for interviewing were declined. Why
this disparity for responses between residents and recreators is not known.
Finally, no records were kept that would enable an investigation of
interviewer bias.

It is interesting to compare results of the Farmington study with pre-
vious studies. Randall, et al. (1974a) only reported, and Brookshire, et al.
(1976), only obtained equivalent surplus bids. The following comparisons
which are presented in Table 1, are, therefore, limited to the equivalent
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Table 2.1
COMPARISON OF RESULTS FOR

SOUTHWEST VISIBILITY STUOIESa

m
o

Non-Market  Valuat ion
Studies

1. Four Corners Experiment
( A .  R a n d a l l ,  e t .  a l . ,
lgl~la,b)

2 . Lake Powell Experiment
( D .  B r o o k s h i r e ,  e t .  a l . ,
1976)

3. Farmington  Exper iment ,
( F .  Blank,  e t .  a l . , 1977
and Rowe, et..?]. , 1980)

P u b l i c V e h i c l e Yearly Mean
Good Employed Bids Bid Per Day

L

V i s i b i l i t y Sales $8se $50 (N/A f($lo79)d
Spoil banks Tax [4,3119 {3.02] [Oigl
transmission
l i n e s  ( A e s t h -
e t i c s  o f  t h e
above. )

V i s i b i l i t y Access
(Aesthet ics

N/A N/A ~2;:{b  ($1.52)
fee [.29]

only)

V i s i b i l i t y utility “$82 $57 $2.44C  (N/A)
(Aesthet ics b i l l s  o r [!3.101 [4.63] [.23]
o n l y ) wage tax

aThe Four Corners Experiment and the Lake Powell
bids,  thus comparisons between studies are l imited to

b
Adjusted for 6.6% inflation.

Exper iment  only  obtained equivalent  surplus
sub-samples of the data sets from each study.

cMean bid for  $1.00 star t ing points  in the Farmington  E x p e r i m e n t  w h i c h  i s  t h e  s t a r t i n g  p o i n t  u s e d
in the Lake Powell Experiment.

d
The comparison between the Four Corners Experiment and the Lake Powell Experiment required

di f ferent  compar isons wi th  the Fa;mington E x p e r i m e n t .

‘The comparisons between the Four Corners Experiment and the Farmington
Experiment  is  for  two al ternat ive levels  of  environmental  qual i ty  changes.

f
N/A - No comparison can be constructed.

‘ S t a n d a r d  e r r o r s  i n  [  ] .



surplus bids. Using the sales tax as the in trument, Randall, et al. (1974a),
Itreported yearly mean bids of $85.00 [$4.31] for moves from the highest level

of environmental damage, situation (A), to situation (C) representing lowest
levels of environmental damage; situation (B) represented an intermediate
level of damage. A yearly mean bid of $50.00 [$3.02] per household was
reported for moves from situation (B) to situation (C). The Farmington
experiment yearly mean bids for the most comparable situations were $82.20
[$9.10]  and $57.00 [$4.631. If one considers that the Randall, et al. (1974a)
figures should be higher as respondents are also bidding on soil banks and
transmission lines, these figures are comparable.

The overall mean for situation (A) (good visibility) to (C) (poor visi-
bility) in the Lake Powell Experiment, [Brookshire, et al. (1976)], was $2.77
[$.19] per day. Adjusted for the 6.6% inflation between the time periods of
the studies, these values become $2.95 [$.20]. The overall mean for recrea-
tionists for the comparable situation in the Farmington  Experiment was $4.06
[$1.111, which is considerably different. However, the mean bid was $2.44
[$1.23] when $1.00 starting bids were used in the Farmington Experiment, which
corresponds to the Lake Powell starting bid. Thus, while still statistically
different, for the same starting bids, the results are much closer. The
Farmington Experiment, while not designed as a replication, demonstrated
reasonable consistency with other studies. Finally, a comparison of values
for similar subsamples  between the Four Corners and the Lake Powell
Experiments, respectively of $1.79 [$.19] and $1.52 [$.29], also suggest
consistency.

15
The Geothermal Experiment

The Jemez Mountains of New Mexico are both scenic--characterized by
colored rock outcropping and forest areas--and a major recreation resource
with fishing, campgrounds, hiking trails, and hot springs all located on U.S.
Forest Service lands. However, the Jemez Mountains also contain one of the
major geothermal resources in the Southwest. Geothermal leases have been let
by the U.S. Forest Service on land which is now used solely by recreators.

Both a contingent bidding and a contingent site substitution approach
were used to estimate environmental damages to recreators from possible geo-
thermal development [Thayer (forthcoming)]. Recreators were shown both photo-
graphs of geothermal development in similar mountainous terrain and a map of
the location of possible development relative to recreation areas. Noise
levels and emission characteristics were described in detail. A bidding game
was then conducted using a uniform entrance fee as the vehicle to prevent
development. Additionally, respondents were asked to indicate what their con-
tingent recreation plan would be (what sites would they visit including new
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substitute sites and how often) if development were to occur. The subsample
which responded to the site substitution question, was then also asked what
they would bid in the form of a uniform entrance fee to prevent development.
Finally, starting point for the bidding game was varied from $1.00 to $10.00
in various subsamples. Thus, the study was structured to test: (1) if con-
tingent bidding and site substitution results were consistent; (2) if infor-
mation on alternat~ve  ’new substitute sites would affect bidding results; and
(3) for starting point bias.

A set of theoretical models were constructed to estimate a consistent
measure of willingness to pay to prevent development from two measures: (1)
the contingent valuation bidding and; (2) additional travel costs associated
with alternative recreation plans. This was an attempt at a methodological
cross check.

The interviews were conducted randomly amongst recreators in the Jemez
area. It is not known if this resulted in sampling bias. A simple distribu-
tional analysis of the data indicated no interviewer bias.

More surprising, however, were the results for information and starting
point bias experiments. Neither bias was statistically significant. The
obvious question is: Why are these results different from those of the
Farmington  Experiment, which indicated that both information and starting
point would likely be serious problems? The best explanation that can be
given at this point is that the value of the change in environmental quality
proposed in the two studies was more precisely perceived by respondents in the
Geothermal Experiment than in the Farmington Experiment. In other words,
respondents could more easily relate the costs to themselves of “losing,” in
part a recreation area than they could determine the costs of a change in
visibility.

The results of the experiment were as follows: thirty-two percent of the
respondents indicated they would no longer visit the Jemez area if development
occurred. This resulted in about a 40% contingent decrease in visitation.
About 65% of the respondents indicated they would visit alternative sites more
frequently, usually the Pecos Forest area. Bids averaged $2.54 per visitor
party day while the site substitution measure yielded a range of $1.852.59
depending on the assumed driving cost per mile. The results appear to be
consistent for the two approaches and imply an annualized aggregate bid to
prevent construction of about $300,000 for a 50 megawatt plant. .

16
The Wildlife Experiment

Through contingent bidding and site substitution approaches, this study
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attempted to develop a methodology for valuing wildlife experiences. The
valuations were developed to enable policymakers to judge which sites should
be reserved from energy developments so that energy development would not ser-
iously impinge on wildlife. Hunters and wildlife observers were queried as to
their willingness to pay for “encounters” with various types of wildlife.
Encounters was chosen as the variable of perturbation. The hypothesis was
that the mo
experience~y  a~~~~~ecies examined were elk

‘sighted the greater the satisfaction from the hunting
cottontail, coyote, grizzly

bear, bighorn sheep, trout, dipper, and bro& creeper. The assumed utility
function had as arguments the number of encounters and length of activity.
Thus, the study attempted to measure both the left and right-hand-side compo-
nents of equations (4) and (5). Prices for purchase of private goods for the
hunting, fishing, or observation experience were presumed to be constant,
which appears, except for inflationary factors, to be a reasonable assumption.
A wide variety of suneys were tested utilizing alternative formats and struc-
tural components.

A type of instrument bias was observed in that bids were recorded through
license fees, access fees, and utility bill adjustments, but difficulties were
encountered in convincing some respondents that competition between energy
development and wildlife herds would be sufficient reason for utility bill
adjustments. Starting point bias was tested for, but was not found to
substantially affect the bids on species commonly hunted. Thus, this
experiment appears to substantiate the comparison between the Geothermal and
Farmington  Experiments which led us to propose that the more clearly identi-
fied the change in the environmental attribute is, the lower the probability
of starting point bias.

Sampling was carried out in Laramie, Wyoming, drawing from hunting and
fishing license lists provided by the Wyoming Game and Fish Department. Add-
resses were drawn randomly from the lists. Refusals by individuals to
actually participate in all parts of the study was about 9%.

Interviewer bias was not present at the .05 level of significance. Non-
response rates to individual bidding games where an individual permitted an
interview but refused to play a particular bidding game under the stated rules
ranged from 2% for willingness to pay games to 30% for some willingness to
accept compensation games.

Results indicate that, for elk, the average willingness to pay equivalent
surplus measure is $54.00 per year to increase expected encounters (i.e. ,
sightings) from 1 to 5 per day for elk hunting in Wyoming. The average will-
ingness to accept compensating surplus measure for a reduction of 5 to 1 en-
counters per day of elk was $142.00. Some private clubs which specialize in
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elk hunting in Wyoming charge entrance fees ranging from $85.00 to $150.00 per
year, roughly in the range of the compensating surplus measure for elk en-
counters obtained though the contingent valuation approach.

Before turning to the last case study, we would like to discuss an issue
that has arisen in empirically implementing contingent bidding games. The
issue that continually arises is the observed differences between willingness
to pay (WTP) and willingness to accept (WTA) measures of welfare change.
Willig (1976) derived onditions that suggest upper and lower bounds exist
between the measures.

18
However, Gordon and Knetsch (1979) suggest that WTP

and WTA differentials are, in fact, substantial. Empirically to date the
results have been mixed. In the Four Corners Experiment [Randall, et al.
(1976b)] it was noted that “the number of ‘infinity’ responses is striking”
and that WTA answers “generally exceeded the willingness of respondents to pay
for environmental improvement.” It is suggested that this was not indicative
that no amount of compensation was sufficient, but that abatement by the
energy industry might be preferred. The Lake Powell Experiment [Brookshire et

al. (1976)] derived a WTA measure from WTP responses and found the measures to
be close. The Farmington Experiment [Blank, et al. (1977) and Rowe, et al.
(1980)] again directly asked compensating measures, finding the WTP and WTA
measures statistically different. Over 50% of the respondents in the Farming-
ton study either refused to cooperate or bid infinity. Finally, the Wildlife
Experiment [Brookshire, et al. (1976) and Brookshire, et al. (1980)] utilized
different formats for obtaining WTP and WTA measures of consumer surplus.
Again the results were statistically different. However, when the WTA
measures were derived, similar in context to Brookshire, et al. (1976) the
values were statistically the same.

What conclusions and explanations can be given for the above results?
Differences between a WTP and WTA welfare measures potentially could be due to
income constraint consideration, differing property rights structures, failure
of the respondent to relate and be able to respond to the contingent market
presented, and/or protest “votes” based on ethical considerations. To date,
we know of no experiment that has been performed to attempt an explanation or
identify which of the above reasons might be correct.

19
The South Coast Air Basin Experiment

In some Los Angeles neighborhoods, deterioration in air quality has been
slight, e.g. , communities adjacent to the Pacific Ocean, while in others, the
deterioration has been relatively severe, as measured by concentrations of NO
or total oxidants.

x

The previous case studies reported here, while internally consistent,
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failed to provide a methodological cross check to actual market data. Thi S
experiment, in contract, attempted to compare both the left-hand-side (contin-
gent bid) and right-hand-side (hedonic measure of equation (8)). Thus, both a
traditional property value study and a contingent valuation were conducted in
an attempt to determine if people will actually pay (as exhibited by property
values) what they q they are willing to pay. Finally, site substitution
information pertaifiing  to activities, location, duration, frequency and ex-
penditures was collected as well.

A shortcoming of the visibility case studies discussed earlier was the
potential confounding between health effects of air pollution and aesthetic
effects. The contingent bidding and substitution approaches employed in this
experiment attempted to value each of these components separately. Aesthetic
considerations were represented by alternative levels of visibility, acute

health effects by eye irritation and chronic health effects by reduction in
life span. Additionally, the population of the South Coast Air Basin has be-
come well informed through the years of the causes of air deterioration, the
potential effects, and scope of the problem. Thus in valuing the non-market
good , “air quality,” the experiment was conducted with reasonably well devel-
oped market information for individuals.

In order to insure comparability of results and aid in aggregation, six
pairs of neighborhoods were selected at the census tract level. The pairings
were made on the basis of similarities of housing characteristics, socioeco-
nomic factors, distance to beach and services, average temperature, and sub-
jective indicators of the “quality” of housing. Thus, for each of the six
pairs, an attempt was made to exclude effects on property values of factors
other than differences in air quality. Each of the methodologies were imple-
mented in the paired areas. The bidding game was conducted by randomly
choosing homes within the paired areas. The air quality levels for the paired
areas were determined using monitoring station data in the South Coast Air
Basin. Focusing on total oxidants, nitrogen dioxide and total suspended par-
ticulate, isopleths were constructed for each pollutant. This allowed
“good, “ “fair,” and “poor” air quality regions to be designated for purposes
of the experiment.

Th data for the property value study, obtained from the Market Data
Center~O pertained to 719 homes sold in the 12 paired communities from
January, 1977 to March, 1978 (note the interviewing was conducted during the
latter part of this time interval) and contains information on most important
structural and/or quality attributes. Thus , the data was micro level in
detail and yielded valuation estimates at the household level. The property
value analysis encompassed three separate, and increasingly complex
approaches. First, a comparison of average housing values in the sample paired
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communities, standardizing only for living space was conducted. Second, a
linear relationship between a home’s sale price and its supply of housing and
community attributes was estimated. The value of an improvement in air
quality was then deduced from the resulting hedonic housing value equation.
Third, following Harrison and Rubinfeld  (1978), a hedonic housing equation
allowing for nonlinearities was estimated from which the willingness to pay
equation, as a funtition of income and other household variables, was again
estimated. This last procedure partly overcomes some of the strict
assumptions of the more simplistic approaches such as identical preferences of
all individuals.

The contingent bidding and site substitution data of the experiment were
collected via a survey questionnaire. The survey questionnaire yielded
valuations by individual for aesthetic and health effects. The survey ques-
tionnaire was designed to test for strategic, information and starting point
biases. The postulated change in air quality was represented both through
regional maps showing good, bad and fair air quality areas as-well as by
photographs showing typical visibility levels. Two specific forms of infor-
mation bias were investigated via a health pamphlet. The health pamphlet
attempted to determine for a subsample of the respondents if detailed in-
formation about health effects would affect bidding and substitution behavior.
Strategic (as in Brookshire, et al. (1976)), information and instrument bias
were not statistically significant influences upon the results. Also
interviewer bias was not present. No records were kept that would enable the
testing for nonrespondent bias.

Accounting for factors such as distance to beach and differences in
preferences, the property value study gave an estimated average bid of $40.00
per month per household for a 30% improvement in air quality. The bidding
results gave an average bid of slightly less than $30.00 per month. Thus ,
reasonable comparability was obtained between the survey and property value
estimates. Given various assumptions of location, income, aggregation by
areas, specific housing characteristics and knowledge on health effects of air
pollution, both the bidding game and property value studies yielded estimates
ranging from $20.00 to $150.00 per month per household for a 30% reduction in
air pollution. These results indicate that air quality deterioration in the
South Coast Air Basin has had substantial effects on housing prices and that
these negative price effects on housing are comparable in magnitude to what
people say they are willing to pay for improved air quality.

CONCLUSION

The six case studies summarized above have shown some consistency in
results and hopefully further the evaluation of problems in structuring
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contingent market experiments.

Table 2 presents a brief summary of the characteristics of each experi-
men t. The range of environmental attributes valued is quite large--including
visibility, wildlife, health and noise. Four out of six attempted some in-
ternal methodological cross check, however, only the South Coast Air Basin
Experiment utilize~ an observed set of market prices for the comparison.
Biases do not appear to be an overriding problem. Strategic bias was not
observed in any experiment. Vehicle and starting point biases were highly
significant in the Farmington Experiment. Starting point bias was not found
in any other study. Vehicle bias was significant in the Wildlife Experiment.
A probable explanation for these results, which offers advice for future
experiments, is that the linkage within the contingent market between the
environmental attribute, institutional setting and the bidding instrument must
be realistic and be accepted by the respondent or biased results will be
obtained. The studies further indicate the need to establish a precise
contingent market--the “good” must be well defined.

Possibly the most important result of the studies summarized here is the
replication of results utilizing a traditional property value study and a
contingent bidding approach. At least for this first test case, individuals
do appear to provide contingent valuations comparable to what actual market
behavior implies they are willing to pay for an environmental attribute.

Finally, the studies reviewed in this paper are part of what has become
an ongoing research tradition. It is thus worthwhile to place these efforts
in the context of other recent comparable research. First, both the
experimental research reported by Grether and Plott (1979) and that reported
by Smith (1977) supports the general conclusion that strategic bias in re-
vealing consumer preferences is not likely to be a major problem. Second, a
rather different attempt at validation of a suney approach has recently been
conducted by Bishop and Heberlein  (1979). A market for repurchasing hunting
permits was structured in a “bidding context” and the results are compared to
a traditional travel cost methodology. Since no similar efforts have been
undertaken utilizing mail surveys and repurchasing plans, the research is not
directly comparable to that reported here, Bishop, et al. conclude, somewhat
pessimistically, that since their survey approach might overvalue or
undervalue goose hunting permits by as much as 60 percent and 55 percent
respectively, while the travel cost methodology undervalues by 67 percent,
that all of the available techniques show considerable bias and are thus of
limited use. We, rather, take an opposing position, and view these results as
quite encouraging for the following reason: In many cases, decisionmakers
quite simply have absolutely no idea as to the economic value of preserving
environmental quality. All evidence obtained to date suggests that the most
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Table 2.2
OVERVIEW OF NON-MARKET

VALUATION EXPERIMENTS

m
al

Non-Market  Valuat ion
Studies

1.

2.

3 .

4 .

5.

6.

Four Corners Experiment
( A .  R a n d a l l ,  e t .  a l . ,
1974).

Lake Powell Experiment
( D .  B r o o k s h i r e ,  e t .  a l .
i976) .

Farmington  Experimerjt
( F .  !31ank,  et.al., 1577

.7a,nd  b-c et.di  , 15s0)..—

Geothermal Experiment
( M .  Thayer,  e t .  a l . ,
for thcoming) .

Rocky Mountain WiId-
l i f e  E x p e r i m e n t  (0.
Brccksr,ire,  e t .  a!.,
i 5 7 7  arid forth=mlng).

South  Coast  Air  Basin
Exper iment ,  (D.  :n&-
shire,  e t .  a l . , .

Environmental
A t t r i b u t e  Being

Valued

V i s i b i l i t y ,
spoil  banks,
transmission
l i n e s .

V i s i b i l i t y

V i s i b i l i t y

Encoun
with w

Visibi

I h e a l t h

e r s
Idlife

ity.
E f f e c t s

Location
.—

Four Corners
Area, South
west.

Four Corners
Area, South
West.

Four Corners
Area, South
\Jest.

Jemez Houn-
tains.

Wyoming

Los Angeles

I Region,
C a l i f o r n i a

Methodol-
lgicai Cross

Check

No

No

Yes

Yes

Yes

Yes

S t r a t e g i c
Bias

N / Aa

No

No

No

No

No

Instrument Biases

Vehicie
Bias

N/A

N/A

Yesc

N/A

Y e sf

Nog

S t a r t i n g
Point  Bias

:.
lr~:-gic b i a s tests r:ere  d e f i n e d  i n  Brookshire,  et.al. (i976).

c~til izing estimated bid curves the t ratics for these variables were respectively (3.05), (7
v a r i a b l e  was O = titiiity bill, I = p a y r o l l  d e d u c t i o n ; s t a r t i n g  b i d  variabie was e i ther  $i,

d
was Cl = no pr ior  informat ion,  1  = p r i o r  i n f o r m a t i o n . -4 (19QO) oSee Rowe, et.al

Utilizing an estimated bid curve the t ratio was . 6 8 9  o n  t h e  starting point v a r i a b l e  indicat
‘Infor::ation  bias in  th is  study perta ined to  whether  the suggest ion of  aiternacive r e c r e a t i o n

c A standard  F-test was utiiized w i t h  n o  s t a t i s t i c a l  i n f l u e n c e  b e i n g  o b s e r v e d .

N/A

N/A

Yesc

Nod

Nof

NO$J

‘-

, ;{:,[ :.ail able - The experir.ent did not consider e i t h e r  s t r u c t u r a l l y  o r  a n a l y t i c a l l y  t h i s  f o r m  o f  b i a s .

Informat ion
Bias ,

N/A

N/A

Y e sc

N oc

N/A

Noh

98)  and ( -4 .54)  where the vehic le
$5, or $10 anL information variabie

ng n o  s i g n i f i c a n t  infiuence.
cities wouid  infiuence  t h e  b i d .

‘A T- test  was conddcted where  the hypothesis  that  the finai  value data was inf luenced by the bidding veh
r e j e c t e d .

‘A T-test WGS conducted whereby the acceptance of  the hypothesis  that  the mean bids for  ali paired areas
h b i d d i n g  v e h i c l e s  ( s t a r t i n g  p o i n t s )  a r e  e q u a l  i m p l i e s  I-u=.90  a n d  h i g h e r .

Informat ion bias in  th is  study re lated to  a l ternat ive sequencing of  heaith a n d  a e s t h e t i c  i n f o r m a t i o n .  -

footnote e .

cle ( s t a r t i n g  b i d s )  w a s

combined for  di f ferent

he test was as in



readily applicable methodologies for evaluating environmental quality--hedonic
studies of property values or wages, travel cost and survey techniques--all
yield values good to well within one order of magnitude in accuracy. Such
information, in our view, is preferable to complete ignorance.

. . .
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. . REFERENCES

1. Maler (1974) has classified the possibilities for measurement of environ-
mental goods or services into four broad categories: (1) asking indi-
viduals what they are willing to pay; (2) voting on the supply; (3) in-
direct methods based on observations on the relationship between private
goods purchased and environmental goods; and (4) estimation of physical
damage and evaluation on the basis of observed market prices. In this
paper, we analyze methods only within Maler’s categories (1) and (3).

2. Ln the recent literature, one approach within this set has been called
“bidding games,” [Randall, et al. (1974a); Brookshire, et al. (1976)].
However, because some types of responses are not bids but changes in
behavior, e.g., site substitutions or minimum compensation, we prefer the
more general “contingent valuations” to identify the set of approaches
that directly query the individual for information in a series of hypo-
thetical situations on markets.

3. An alternative listing of explanations for bias and other problems is
given in D. Grether and C. Plott, (1979).

4. A detailed form for the utility function compatible with our arguments is
U(G (Q , A), G2(Q2, A2), . . .; x).
~un:ti~ns +

The G. can be concave increasing
or each activity and imply the utility function is weakly

separable over locations or activities.

5. This is equivalent to the compensating variation measure of consumer
surplus where the initial level of utility is maintained. See, for
example, Mishan (1971).

6. See Brookshire and Crocker [forthcoming (b)] for a discussion of the role
of information in contingent markets and validity of the consumers
response.

7. One survey of air pollution in the late 1960’s for Los Angeles which we
prefer not to cite asked the question “How much are you willing to pay
for less air pollution?” Clearly, this question is too vague and subject
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8.

9.

10.

11.

12.

13.

14.

16.

to multiple interpretations as to the change in environmental attribute.
Alternatively, a question “How much are you willing to pay for an annual
average reduction in oxidant concentrations o’f .10 parts per million in
the seven block radius around Hollywood Boulevard and Vine Street?” may
be too specific and not readily understandable by the interviewee. There
appears to be a fine line where the general public can fully understand
the question posed, yet the question is precise enough to be of scienti-
fic usefulness, i.e., be relatable to scientific measures of environ-
mental change.

See Brookshire and Crocker [forthcoming (b)] for further discussion.

We present this extremely brief summary of Randall’s work noting it was
the first effort, and to set the stage and focus the discussion for the
remaining case studies. See Randall et al. (1974a,b) for a complete
discussion of the results.

This research was funded by the NSF-RANN Lake Powell Research Project.

The average bid concept was introduced in the survey instrument in the
following manner; “Let’s also assume that all visitors to the area will
pay the same daily fee as you . . . .“ The use of the terms “environ-
mental” and “developers” is to distinguish two groups who might have
widely divergent preferences with respect to environmental commodities.

This study was supported by the Electric Power Research Institute (EPRI),
Palo Alto, California to the University of Wyoming. EPRI does not assume
any liability for the completeness of research, or usefulness of the
results.

For individuals to bid strategically to achieve a specific outcome when
the respondent knows everyone must pay the final bid is extremely diffi-
cult. For instance, all previous bids by others must be known, the
sample size and if the individual is not the “last” bidder, then future
bids must be known. For more discussion see Brookshire and Eubanks
[forthcoming (a)].

Standard errors in brackets. 15. The research reported here was
supported by a NSF grant entitled “An Economic and Environmental Analysis
of Solar and Geothermal Energy Sources.”

Portions of this study were funded by the U.S. Fish and Wildlife Service
contract numbers 14-16-0009-77-022 and 14-16-0009-77-003 with the
University of Wyoming and parts were sub-contracted to the University of
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Kentucky.

17. For a complete discussion of the study see Brookshire, et al. (1977) and
Brookshire, et al. (1980).

18. Randall and Stoll (1979) have reformulated Willig’s  results from price to.,
surplus space.

19. This study was supported by the U.S. Environmental Protection Agency
EPA-600/6-79-OOOlb.

20. The Market Data Center is a computerized appraisal service centered in
Los Angeles, California.
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. . . CHAPTER 3

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,
ccnsider 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
unique. For these reasons, Randall et al. (1974) first applied survey methods
for valuing visibility and other environmental effects of large coal fired
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power plants in the Four Corners region of New Mexico. Since this initial
application, the survey approach has been widely used to value environmental
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 (1974). ‘

Although results of using the suney 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 validation
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 Angeles 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
quality 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
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sumey responses are a valid measure of the value of air quality 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, princi$alIy  in response to the air pollution problem in the Los
Angeles Metropolitan area, has led the nation in imposing automobile emissions
standards. The automobile industry, under pressure from the California
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 Federal levels, resulting in
higher initial costs and sacrifices in both performance and fuel economy. 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) , we 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 Broolcshire et 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 consequence 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 invalidate a survey
approach for valuing public goods. It has even been suggested that the survey
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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 =
x =
c =

R =
Y =

the level of air pollution
consumption of a composite commodity excluding housing
unit cost or price of the composite commodity X
rent or periodic cost of housing
household income

and U(P,X) = household utility, a decreasing function of p llution Up < 0
Y

an increasing function of consumption U < 0.
x

Each household maximizes utility, U(P,X),  subject to the budget constraint:

Y -cx- R(P) = O

where we assume the existence of a continuous differentiable rent gradient
R(P) . [See Rosen (1974)] 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 elaborate here.) Two distinct choices are modeled: consumption
of the composite commodity, X, and that of housing location by pollution
level, P. Presuma ly, lower rents will be paid for homes in more polluted

B
areas, so R’(P)<O. The first order conditions for choice of P and X imply
that

c ‘P = R’(P)
q

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 structure
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
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commodity is unity; i.e., the vertical axis measures dollars as well.
Pollution is on the horizontal axis. Given household income YO, 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°

.A
would maximize utility at point “a”, choosing to locate

at pollution level P
i

consume X“ and pay rent RO. If household A’s into e
Ywere to increase t; Y , the budget constraint would shift vertically to Y -

R(P) and the samelhousehold would relocate, c oosing point “b”, at a lower

t
!/

pollution level P w th higher consumption, X , given tastes as represented by
indifference curve I . Alternatively, another household, B, wi h income y“,
but tastes as shown b$ 13B w~uld choose point

f
“d”, locating at P as well, but

choosing lower consumption X . Thus, both tastes and 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 equilibriu~ at point “a” in
Figure 1 was asked how much X it would forego to experience P rather than P“
while maintaining the same utility level. Presumably, household A would be
indifferent between points “a” and “c” and be willing to pay # 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 function, R(P), does not provide information on
the bid for improved air quality, #. Rat~er, the change in rent between
locations with air quality levels P“ and P , AR in F“gure 1, 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 ~xaminin g the rent gradient. For example, if household
B had a lower income, Y , it would locate at point “e”. Even though household
B is now located at pollution lev~l P“ like househ~ld 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
multiple housing attributes. Including other attributes
footage of the home, bathroo~s,  fireplaces, neighborhood

consider the case of
such as square
characteristics,

etc., denoted by the vector ~, the model is revised as follows:

max U(Z P, x)

St. Y - Cx -R(i, P)=O
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3
with first order conditions

C U P = RP(;,P)
~

and
C“;= R@P).
~

. . .

These fi$st order conditions constitute, along with frequency distributions
for housing characteristics and household+pref~rences,  a system of partial
differential equations which solve for R(Z,P). Thus, a hedonic r$nt gradient
is defined for pollution, P, and other household characteristics, Z, 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 AR for a change in pollution level
AP even though willingness to pay for that change may differ, i.e., ti # WB.
However, turning+~ Figure 2, household A, located at P“, may occupy a house
with attributes Z while household $Balso located at P“ may occupyAa house
with a different set of attributes Z . Household A, with income Y would
then face a rent gradient like that shown in Fi ure 2 defined by R(~A,

8
P) and

choose point “a”, bu+~ household B with income Y , 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, AR1, for a change in ~i
pollution AP, calculated for the fixed vector of h9using characteristics Z ,
will exceed that household’s willingness to pay, W1, 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, 31, 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 ap roach can
!/i

be constructed as follows: for each household i in a community, AR ;W . It
then follows that in each community the average rent differential across
households, ~, must equal or exceed the average willingness to pay I 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, ~R~~, 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
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in each community are nonnegative, 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
tunes) between pollution and other goods (money) for individuals with pos-
sible differing ta~tes 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,

$
‘(P”)! at point “a”. Attempts to estimate

individual willingness to pay ( in Figure 1) from hedonic rent gradients
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 metropolitan
area. The first concern was air pollution data. Air monitoring stations are
located throughout the Los Angeles area providing readings on nitrogen dioxide
(N02), 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 stud!es. The air shed was divided i to the follow-

!l
img air quality t~egions: “good” (N02 < 9 pphm) (TSP < 90 yg/m ); “fa”r” (N02

3
911 pphm) (TSP 9110 ug/m3); and “poor” (N02 > 11 pphm) TSP > 110 vg/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.

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 experiment,
the sample plan identified six community pairs where each pair was relatively
homogeneous with respect to socioeconomic, housing and community

5
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
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lack of general acceptance of sumey $echniques. The objective, then, is to
estimate the hedonic rent gradient R(Z, P) and calculate rent differentials
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 estimgted in accordance with literature as
recently summarized by Freeman (1979). Housing sale price is assumed to be a
function of housing structure variables (living area, bathrooms, fireplaces,
etc.), neighborhood variables (crime rate, school quality, population density,
etc.), accessibility variables (distance employment to centers and beach) and
air quality as measured by total suspended particulate (TSP) or nitrogen
dioxide (N02).7 The primary assumption of the analysis is that variations in
air pollution 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 ag the micro level of aggregation and include a large
number of characteristics. 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 attributes of the
household, variables which reflected the neighborhood and community were
included to isolate the independent influence of air quality differentials on
home sale price.

As indicated by Maler (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-collinearity. With
respect to this problem, in each of three data categories--household,
neighborhood, and air quality--multicollinearity 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 measure
essentially the same phenomenon, only the former is used in the estimated
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 pro?ide 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 presente in Table 1 al-
ternatively using N02

8
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 explained
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 o z the pollution variables have the
expected negative influence on sale price and are highly significant. The
estimated relationship between house sale price and pollution is therefore
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 cal ulated rent differential is dependent upon the value of all

15
other variables. The average home sale price change based on individual
data in each census tract associated with an improvement in air quality,
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

2
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 pollution 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 payment through the standard annualization procedure and
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Table 3.1

Estimated Hedonic Rent Gradient Equationsa

D e p e n d e n t  V a r i a b l e  = L o g  ( H o m e  S a l e  P r i c e  i n  $ 1 , 0 0 0 )

I n d e p e n d e n t N 02  E q u a t i o n T S P  E q u a t i o n
V a r i a b l e

H o u s i n g  S t r u c t u r e  V a r i a b l e s
Sale Date . . . . 0 1 8 5 9 1 . 0 1 8 6 5 4

( 9 . 7 5 7 7 ) ( 9 . 7 7 2 7 )

A g e - . 0 1 8 1 7 1 - . 0 2 1 4 1 1
( 2 . 3 3 8 5 ) ( - 2 . 8 1 4 7 )

L i v i n g  A r e a . 0 0 0 1 7 5 6 8 .00017507
(12.126) (12.069)

B a t h r o o m s . 1 5 6 0 2 .15703
(9.609) (g.6636]

Poo I . 0 5 8 0 6 3 . 0 5 8 3 9 7
(4.63ol) ( 4 . 6 5 1 8 ) ’

F i r e p l a c e s . 0 9 9 5 7 7 . 0 9 9 9 2 7
( 7 . 1 7 0 5 ) ( 7 . 1 8 6 6 )

N e i g h b o r h o o d  V a r i a b l e s

L o g  ( C r i m e ) - . 0 8 3 8 1 - . 1 0 4 0 1
( - . 5 7 6 6 ) (-l . 9 9 7 4 )

S c h o o l  Q u a l i t y . 0 0 1 9 8 2 6
( 3 . 9 4 5 0 )

. 0 0 1 7 7 1
( 3 . 5 7 6 9 )

E t h n i c  C o m p o s i t i o n . 0 2 7 0 3 1 . 0 4 3 4 7 2
- ( P e r c e n t  W h i t e ) ( 4 . 3 9 1 5 ) ( 6 . 2 5 8 3 )

H o u s i n g  D e n s i t y - . 0 0 0 0 6 6 9 2 6 - . 0 0 0 0 6 7 6 1 3
( 9 . 1 2 7 7 ) ( - 9 . 2 3 5 9 )

P u b l i c  Safety  E x p e n d i t u r e s .00026192 . 0 0 0 2 6 1 4 3
(4.76o2) ( 4 . 7 4 1 8 )

A c c e s s i b i l i t y  V a r i a b l e s

D i s t a n c e  t o  B e a c h - . 0 1 1 5 8 6
( - 7 . 8 3 2 1 )

D i s t a n c e  t o  E m p l o y m e n t - . 2 8 5 1 4
( - 1 4 . 7 8 6 )

A i r  P o l l u t i o n  V a r i a b l e s

l o g  (TSP)

l o g  (N02) -.224o7
( 4 . 0 3 2 4 )

C o n s t a n t 2 . 2 3 2 5
( 2 . 9 2 9 6 )

-.011612
(7.7822)
- . 2 6 2 3 2

( 1 4 . 1 5 8 )

- . 2 2 1 8 3
( - 3 . 8 3 2 4 )

1 . 0 5 2 7
( 1 . 4 5 3 7 )

R’ . 8 9 . 8 9

S u m  o f  S q u a r e d  R e s i d u a l s 1 8 . 9 2 18.97

D e g r e e s  o f  F r e e d o m 61g 619

at - S t a t i s t i c s  i n  P a r e n t h e s e s
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Commun i ty

P o o r -  F a i r

E l  M o n t e

Montebello

La Caiiada

S a m p l e
P o p u l a t i o n

F a i r -  Good

C a n o g a  P a r k

H u n t i n g t o n
Beach

I r v i n e

C u l v e r  C i t y

Encino

N e w p o r t
Beach

S a m p l e
P o p u l a t i o n

Table 3.2
T e s t s  o f  H y p o t h e s e s

4 I

roper$y  V a l u e  ResuItsa

—

(S~a~dard
)eviation)

15.44
(2.88)
30.62
(7.26)

73.78
(48.25)

4 5 . 9 2
(36.69)

33.17
(3.88)

47.26
( 1 0 . 6 6 )

4 8 . 2 2
(8.90)

5 4 . 4 4
( 1 6 . 0 9 )

1 2 8 . 4 6
( 5 1  . 9 5 )

7 7 . 0 2
( 4 1 . 2 5 )

5 9 . 0 9
( 3 4 . 2 8 )

‘ l u m b e r  o f
O b s e r v a t i o n s

2 2

49

51

1 2 2

2 2

44

196

64

45

22

393

I S u r v e y  R e s u l t s I

V
( S t a n d a r d
D e v i a t i o n

11.10
(13.13)
11.42

(15.15)
22.06
(33.24)

14.54
(21.93)

16.08
(15.46)

24.34
(25.46)
22.37
(19.13)
28.18
(34.17)

16.51
(13.38)

5.55
(6.83)

20.31
( 2 3 . 0 )

.~
N u m b e r  o f
O b s e r v a t i o n s

2 0

1 9

17

5 6

3 4 —

3 8

2 7

3 0

3 7

2 0

1 8 6

—

T e s t s  uf H y p o t h e s e s

- s t a t i s t i c s
VU >  Ob

3 . 7 8

3 . 2 8

2 . 7 4
.

4 . 9 6

6 . 0 7

5 . 9 2 .

6 . 0 8

5 . 4 2

7 . 5 1

3 . 6 3

1 2 . 0 2

- s t a t i s t i c s
B— > u–c
hR-W

1 . 5 1

7 . 0 7

4 . 1 0

5 . 5 4

.—
5.07 .

5 . 4 7

5.o8

1 1 . . 8 5

1 2 . 7 5

7 . 6 5

1 4 . 0 0

a R e n t  d i f f e r e n t i a l s  f o r  t h e  h e d o n i c  housinq  e q u a t i o n  i n  w h i c h  l o g  (li07) i s  t h e  r e l e v a n t
p o l l u t i o n  v a r i a b l e  a r e  p r e s e n t e d  h e r e . Es~entially  i d e n t i c a l  re~ults-are  o b t a i n e d  u s i n g
N 0 2 ,  T S P  o r  l o g  (TSP).
b T h e  h y p o t h e s e s  t o  b e  t e s t e d  w e r e  H o  :  ~ = 0; H1 : ~ >  0 . A l l  t e s t  s t a t i s t i c s  i n d i c a t e
r e j e c t i o n  O f  t h e  n u l l  h y p o t h e s i s  a t  t h e  1% s i g n i f i c a n c e  l e v e l .

CThe

t h a t
h y p o t h e s e s  t o  b e  t e s t e d  w e r e  H o  :  U~~~; Hl: V~ < ~ A l l  T e s t  s t a t i s t i c s  i n d i c a t e
t h e  n u l l  h y p o t h e s i s  c o u l d  n o t  b e  r e j e c t e d  e v e n  a t  t h e  10% s i g n i f i c a n c e  l e v e l .
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division by twelve.
11

Since our hypothesis test is posed in terms of the
average rent differential in the relevant communities, then a co~nitY 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-
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
Hicksian  consumer 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 ea “
provision such as visual range through photographs

~~ly perceived levels of
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.

13
Payment mechanisms 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 information tructures were not

lZ
present in the results [See Brookshire, et al. (1980)].

The survey was conducted over the period of March, 1978. A total of 290
completed surveys were obtained for the above mentioned areas.

15
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
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each community for an improvement in air quality. Two types of bids are pre-
sented: proposed improvements from poor to fair air quality and from fair to
good air quality. In poor communities--El Monte, Montebello and La
Canada--the mean bids ranged from $11.00 to $22.06 per month. For the fair
communities --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 metropolitan area. The theoreti-—-
cal relationship between the valuation procedures (AR ~ W) and the hypothesis
that survey bids are non-zero (fi > O) are tested in this section.

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) presents the experimental results. The calculated t-statistics
indicate rejection of the null hypothesis (that the population mean, B- equals

Yzero at the one percent level in every community sampled.) These resu ts 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 hypothesis
that population average rent differential (um) equals or exceeds the
population average suney bid (PI) is again tested using the t-statistic.
Rejection of the null hypothesis requ+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 PrR~ pi cannot be rejected
for the population means Vi and B-

R
even at the 10% critical level. Although

we present only the results for t e hedonic housing equation in which log
(N02) is the pollution measure, these results remain essentially unchanged for
all communities, for all estimated hedonic rent gradients, regardless of the
variable (N02 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
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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
demonstrated a non-zero willingness to pay for air quality improvements rather
than free riding. This conforms to the previous survey resuits 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 a 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 suneys to value a wide range of non-market commodities are
discussed.

CONCLUSION

There are a number of limitations in generalizing our results to all
suney 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
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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 suney methods as a means of determining the value of public
goods .

.,
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. . . REFERENCES

1. Alternatively we could define the utility function U(-P, X) which
would be an increasing quasi-concave function of both arguments.

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

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

4. 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.

5. 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; (4) Irvine - part of #525 - fair/Pales Verdes -
portion of good; (5) Encino - portion of 111326 - fair/La
Canada - south-central portion of #4607 - poor; (6) Huntington Beach
central portion of 1993.03  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).

6. The estimation of a hedonic rent gradient requires that rather re-
strictive assumptions are satisfied. For Example, Maler (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
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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
“house jumping” became financially feasible. The second of Malerrs
concerns, that other prices, e.g., golf club fees and wages capture
part of the willingness to pay can be addressed empirically. For
examplej attempts to test if wages from our sumey data across the
Los Angeles area reflected differences in pollution level produced
negative results.

7. 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.

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

9. 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.

10. It 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.

11. A capital recovery factor equal to .0995 which
prevailing .0925 mortgage rate in the January,
period is used.

corresponds to the
1979 - March, 1978

12. In developing photographs, two observational paths from Griffith
Obsenatory 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.

13. 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
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structure of the contingent market.

14 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) and Smith (1979).

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

16. For instance, rejection of the null hypothesis (B— > u-) at the
A R–  W

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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<,
CHAPTER 4

THE ADVANTAGES OF CONTINGENT VALUATION METHODS FOR BENEFIT-COST ANALYSIS

INTRODUCTION

Historically, policy decisions regarding the alteration or manipulation
of natural systems have relied to some extent upon the methods of benefit-
cost analysis to provide information about the efficiency attributes of se-
lected alternatives. Construction programs of the Army Corps of Engineers and
the Bureau of Reclamation are probably the best examples. These programs have
usually had explicit market price information on the value of additional water
or electricity that could be used to analyze the benefits and costs. When
non-marketed goods, such as loss of wildlife habitat, were to be influenced by
the project, they were not formally incorporated into the benefit- cost
analysis.

A developing emphasis, however, on valuing non-marketed goods and incor-
porating these values into formal benefit-cost analyses can be traced in part
to recent Federal and State legislation oriented toward environmental quality
regulation and preservation. Quantification of non-market benefits to estab-
lish the economic efficiency of regulatory decisions is required, for example,
under the Occupational Safety and Health Act of 1970, the Safe Drinking Water
Act, the Clean Air Act Amendments of 1977, the Toxic Substances Control Act,
the Endangered American Wilderness Act, and others.

The implications of this requirement for policy and for benefit-cost
analysis are severe. First, many of the key components of the benefits are
several steps removed from a direct relation with a marketed good. When con-
sidering potential degradation of a Class I visibility area such as the Grand
Canyon National Park, how is value to be placed on the scenic beauty of the
colors and the pristine visibility? What is the value of being able to see
120 miles versus 90 miles? Additionally, what are the benefits of permanently
preserving ancestral habitat for bighorn sheep versus utilization of the area
for a natural resource development when both preservation and development can
benefit current and future generations? What are the benefits of reduce~ risk
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to life? What are three less years of life worth, or 20 illness days per
year? These types of questions either implicitly or explicitly are raised by
today’s legislative mandate. Thus, recent legislative history asks of
benefit-cost analysis to assess various trade-offs for which many of the key
value components of the tradeoff process are not readily observable in the
market place. Further, many of the valuations necessary do not have readily
observable market ktirrogates available to impute the value of non-~rket com-
modities. For instance, property value studies have been proposed as a manner
to impute the value of air quality in urban regions. How could such an
approach possibly work in the Four Comers region of the sparsely populated
Southwest? How could travel cost methodologies possibly impute the value of
critical habitat preservation? The answer, of course, is that they cannot.

An additional issue in valuing non-market environmental goods is that the
policy alternatives frequently involve the provision of some quantity of the
good or the restructuring of property claims on the good in a fashion outside
the realm of recent historical experience. If behavior and valuations are
sensitive to these institutional and quantity perturbations, retrospective
observations have little to offer to the benefit-cost analyst. For example,
the development of a massive synthetic fuel industry in the Rocky Mountain
area could, if atmospheric emissions are uncontrolled, cause major
deteriorations in the area’s atmospheric visibility. However, because there
has historically been little degradation of visibility in the area, that re-
cord which could allow the economic value of any change to be empirically
determined does not exist. To acquire the record, one must either develop the
synthetic fuels industry, hoping that the development can be reversed if the
value of atmospheric degradation proves excessive, or undertake small scale
experiments that generate data by artificially perturbing the essential
features of the problem. On the presumption that the former course can be
exceedingly expensive., we present heuristic arguments for the use of experi-
ments. Our attention is focused upon contingent valuation studies of complex
natural processes rather than upon carefully controlled laboratory studies.
Plott (1979) has recently written a valuable review and defense of laboratory
studies.

Contingent valuation studies are distinguished from traditional benefits
assessment practices by their use of survey questionnaires to acquire the data
for analysis. Despite a paucity of empirical evidence to support or deny its
significance, the systematic misrepresentation of preferences is widely
recognized among economists as being potentially a serious disadvantage of
using survey questionnaires for valuation purposes. Our purpose is to raise
the possibility that economists, by their near-exclusive devotion to the
strategic behavior problem, may, at their own apparently unrecognized cost,
have neglected many of the analytical and empirical advantages to be reaped
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through the use of suney instruments to acquire valuation information. We
will examine these advantages in terms of the contribution survey question-
naires can make to filling the informational void the policymaker  now often
faces, and in terms of the conformity of their data-generating process with
the economic-theoretic foundations of benefit-cost analysis. Any thorough
assessment of the relative reliabilities and validities of data generated by
survey questionnaires’and by observed behavior must weigh these advantages.

CONTINGENT VALUATION APPROACHES

The key to contingent valuation approaches to valuing a non-marketed good
is the construction of a hypothetical market for that good. The procedure is
as follows:

a. The non-market commodity is described in quantity,
quality, location and time dimensions. Various types
of supplementary information including maps and photo
graphs are introduced when appropriate.

b. The rules of operation of the hypothetical market are
established. Then a representation of the available
quantity of the environmental good is perturbed and the
respondent is asked to state willingness-to-pay or
required compensation, or the activity substitutions and
expenditure adjustments he would make. Both a status quo
quantity of the good and price are explicitly stated by
the interviewer prior to any respondent statements. The
first is a direct approach, while the second provides infor
mation for using the indirect techniques commonly employed
with data on actual observed behavior.

c. The market rules of operation, bidding vehicles, and status
quo prices and quantities may differ across respondents.
Each respondent is presented a status quo price and/or
quantity of the non-marketed good; the price and/or quantity
of the good is then altered by the interviewer until a com-
bination is reached to which the respondent is indifferent.

Thus, a series of contingent markets are established with a mechanism of
payment suggested for the alternative levels of the non-market good in
question. For instance, a proposed power plant of 1000 kilowatt capacity
located ten miles from a site is said to result in a 25 mile reduction in the
visual range, and the respondent is asked whether he would be willing to pay
perhaps fifty dollars over some specific time period to prevent the reduction.
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An important element in the process is clearly defining the non- marketed good
in a manner that establishes a clear linkage to physical parameters. For
atmospheric visibility, this would include linking power plant emissions to
ambient concentrations, and ambient concentrations to the representation of
ambient concentrations used in the interview.

Bradford (197?)) has set forth the analytical basis of the direct version
(bidding games) of the contingent valuation technique. Davis (1963) and
Randall, et al. (1974), made the first empirical applications to environmental
goods. Instruments that collect information on time and budget adjustments
and then employ this information to infer valuations of a non-marketed good,
have the bulk of their analytical foundations presented in Hori (1975) and
Freeman (1979).

Published papers employing these contingent claims games to acquire
information have valued non-marketed goods as diverse as public television
programming [Bohm (1972)]; atmospheric visibility [Randall, et al. (1974,
Brookshire, et al. (1976), and Rowe, et al. (forthcoming)]; land-form alter-
ations due to strip mining [Randall, et al. (1978)]; air pollution-induced
health effects [Loehman, et al. (forthcoming), and Brookshire, et al. (forth-
coming (a))]; wildlife [Hammock and Brown (1974) and Brookshire, et al.
(forthcoming (b))]; water pollution [Gramlich (1977)]; preservation of river
headwaters [0’Hanlon and Sinden (1978), and Sinden and Wyckoff (1976)]; urban
infrastructure allocations for expenditures and taxes [Strauss and Hughes
(1976)]; and airplane safety [Jones-Lee (1976)]. In addition, there are a
number of as yet unpublished reports and papers that have used the technique
to value atmospheric visibility [Horst and Crocker (1978)1; power plant
cooling towers [Curry, et al. (1979)]; boomtown  infrastructure [Cummings and
Schulze (1978), Brookshire and d’Arge (1979)]; urban public parks [Vaughn
(1974)]; odors [Loehman, et al. (1978)]; and geothermal steam development in
wilderness areas [Ben-David, et al. (1977)].

One might reasonably conclude from this listing that in spite of the
persistently held belief that valuations established through contingent
(hypothetical) claims games are systematically biased, there ~ave neverthe-
less been some economists who have overcome their skepticism. However, they
have not yet offered a coherent presentation of the advantages of their
technique. In succeeding sections, we present some of the elements on which
advantages might stem.

CONTINGENT VALUATIONS AND THE CONSUMER SURPLUS FRAMEWORK

Buchanan (1969) distinguishes between ex ante and ex post costs. He.— —
argues that it is the former that is relevant to choice. We employ the

63



distinction to establish the place of contingent valuations in a consumer
surplus framework. Contingent valuations are seen as providing a means for
the potentially affected individual to participate in the choice of the
provision The choice to be used for valuation purposes is based upon “what
could be,” rather than upon “what might have been.”

In making a d’ecision about cost (either a bid in direct valuation, or
reallocation of time and budget components in indirect valuation), an indivi-
dual in the contingent valuation approach is setting forth his evaluation of
the prospective sacrifices or gains in utility as a result of the proposed
contingencies. Thus, cost is a choice-bound concept, and choices are based on
prospects referenced in the type of information provided. Cost, then, in its
relationship to choice must be based on expectations, not experience. This
viewpoint suggests that : (1) the oft-discussed discre~cies between observed
and proposed behavior [e.g., Fromm (1968) and Mills and Feenberg (1977)] are
not an issue in valuing non-market commodities unless the information
underlying the proposed behavior is identical to the information leading to
the actual behavior; (2) for give~information,  the contingent valuation
framework provides valuations in terms of expected value to the individual,
i.e. , willingness-to-pay for the prospective outcome.

Let us consider an example that illustrates these points in the context
of a contingent valuation market. Assume that a respondent’s demand for a
marketed activity (e.g., camping in a national park) is weakly complementary
in the non-marketed commodity (e.g., visibility ~s measured by the distance
that can be seen in and around a national park). Participation in camping is
assumed to have an invariant opportunity cost of P, which is independent of
the level of availability of atmospheric visibility in the national park. In
Figure 1, the ~ curve represents the individual’s income-compensated demand
function for the camping activity (A), averaged over all possible levels of
atmospheric visibility.

The ability to observe distant mountains from the camping site enhances
the utility of camping. The efficient plan for the camper with no forecast of
the availability of clear vistas is to undertake the activity at activity
level aO in Figure 1, where a represents average visibility versus a pristine

o
or murky level of visibility. The marginal value attached to an additional
planned unit of camping just equals the individual’s opportunity cost. The
consumer surplus expected from camping, once the activity begins, is the area
above the opportunity cost line and beneath the “average demand” function ~.
The latter is the individual’s mathematical expectation of the valuation
attached to camping levels, once realized.

Now suppose a formal contingent market is constructed where the non-
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marketed commodity, atmospheric visibility in and around the national park, is
described to the would-be camper in the requisite detail. For instance, coal
fired power plants will either be installing control devices or shutting them
down for maintenance. Visibility in and around the park will thus be clear
(C) or murky (M) during the camping trip. The manner in which the camper will
revise his estimates about the probability of clear or murky conditions can be
described by Bayes+’  (1764) rule. If the information leads to the conclusion
of clear visibility, the camper’s subjective evaluation of his average
compensated d mand function will be (D/C), with a planned increase in camping

E
activity to a

o“
The area (b-d-e-f) gives the increase in expected utility if

“clear” is the forecast.
h
f the forecast is “murky,” the planned activity

level will be reduced to ao, and the area (b-d-h-g) gives the loss in expected
utility.

Now suppose that M is forecast, implying a planned activity level of aK,
and an expected consumer surplus of g-p-h. If, instead, C is realized and ghe
camper is unable to adjust his activity level accordingly, he will have
obtained a consumer surplus of p-h-f-n, an amount greater by g-h-n-f than the
consumer surplus on the basis of which he made his decision to go to the park.
This latter consumer surplus, which is established from observed behavior, has
no correspondence to the basis of the camper’s choices. In fact, according to
the opportunity the ~amper has to adjust3his activities, any activity level
from the origin to a. might be observed. Only if clear skies had been
forecast and actually realized would the camper’s expected and realized
consumer surpluses coincide, thus allowing the investigator to infer the
utility basis of the camper’s choices from his obsened behavior. In
contrast, contingent valuation techniques place the individual in a
representation of the context in which he actually makes choices. Unless
policy maker decisions about levels of provision of non-marketed goods are to
be only randomly connected to the nexus the individual confronts, the
appropriate state for measuring consumer surplus is that corresponding to the
instant of the individual’s decision.

HYPOTHETICAL BEHAVIOR AND MARKETS

If different answers can be anticipated based upon alternative infor-
mation structures, what “state” is the appropriate one for measuring consumer
surpluses for benefit-cost analysis? Can a contingent market be developed
that is “appropriate” to the policy question at hand? What happens if infor-
mational content of an observable market is identical to that of a contingent
market.

Fromm (1968) and many other economists believe that hypothetical ques-
tions generate fictional and, therefore, inaccurate responses. The dictionary
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defines a hypothetical proposition as a conditional proposition, i.e., an “if
X, then Y“ statement. A hypothetical question would then be a conditional
statement in the subjunctive mood, an “if X were . ‘. ., then . . . .“ state-
ment. In the contingent valuation setting, a hypothetical market is con-
structed, perturbed and then the respondent states conditional behavior based
on the specified market structure or events. Fundamentally, the problem is
not hypothetical, but ‘one of the relation between information and choice as
set out for the camper in the immediately preceding section.

The individual’s ultimately realized benefits and his prospective eval-
uations are neither jointly instantaneous nor coincidental. Frequent discrep-
ancies should then be expected between response to contingencies embodying one
form of information and eventual observable behavior carried out upon the
basis of altered information. The key point is that the contingent answer is
still acceptable given the well-defined circumstances that were presented to
the respondent. The question of inaccuracy is then not whether, given a
change in circumstance, the obsenable behavior pattern changes, but whether
the contingent answer can be observed when the defined circumstances have not
changed. Only if the answers relate to past rather than intended behavior
will a simple comparison of answers with actual behavior suffice to ascertain
the accuracy of the answers. Otherwise, one must explain how the individual
responds to new information and circumstances in order to perform the com-
parison.

An empirical rebuttal of these points would require evidence that the
provision of additional information about future states does not change con-
tingent values and that contingent values and obse~ed market values fail to
coincide when the defined circumstances in the hypothetical market and the
actual market are similar. In this section, we offer brief summaries of two
studies that contribute to this empirical evidence.

The first study was performed in Farmington,  New Mexico, where a hypo-
thetical market for alternative levels of visibility due to additional energy
development [Rowe, et al. (forthcoming)] was developed. The appropriate
“states” corresponded to energy development scenarios for the Four Corners
area. To investigate the role of information, after direct valuation res-
ponses had been received, a subsample of respondents was told either that
others had bid a certain amount or that the bid of the subsample was so low
that the proposed change in the allocation of the non-market good was im-
possible. In both instances, respondents were given the opportunity to revise
their valuation. The results indicated that the valuation measures were af-
fected by the structure and the information content of the contingent market.
Thus, at least in this case, information about the behavior of other market
participants affected valuations. This behavior is, of course, consistent
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with the strategic behavior predictions of the free-rider decision problem in
public choice theory.

The second study was conducted in the South Coast Air Basin of southern
California [Brookshire, et al. (forthcoming (a))]. A residential property
value study based on sales of individual properties in a sample of paired
communities where mcst of the variation in physical attributes within a pair
was due to air pollution was performed. Similarly, during the same time per-
iod that the property sales occurreds a contingent valuation study within the
same paired community sample was undertaken. The set of circumstances de-
picted in the contingent valuation study was those actually prevailing in the
Basin at the time of the property value sales. Within a factor of less than
two, the two independent studies produced similar valuations. For an approx-
imate 30% improvement in the ambient air quality of the Basin, the property
value study gave an average dollar bid per household per month of $42, while
the bidding game study yielded a mean bid of $29 per household per month.

COSTLESS VERSUS COSTLY EXCHANGE

Even if the information available to participants in an everyday actual
market and in a contingent valuation exercise were identical, there remains at
least one reason why the two types of valuations might still diverge: the in-
stitutional structures of the contingent valuation market and the everyday
market may differ. Plott (1979) reviews several empirical laboratory and
field experimental studies indicating that market outcomes are highly sensi-
tive to differences in institutional structures. Given this sensitivity, if
meaningful measures of the gains and losses from the provision of a non-mar-
keted environmental good are to be established, the measures must be derived
within an institutional structure conforming to that posited in the welfare-
theoretic basis of benefit-cost analysis. In this section, we argue that this
conformity is often more readily achieved with the use of contingent valuation
techniques.

Benefit-cost analysis is an attempt to ascertain the quantity of some
numeraire  (e.g., current dollars) that the gainers and losers from some pro-
posed public investment will consider equivalent in value to their respective
gains and losses. The price structure, where price is a sufficient measure of
social as well as private value, represents the only terms with which the
world with or without a public investment is evaluated. Prices, as generated
by market exchange and adjusted in proportion to excess demand, embody all
relevant information about relative economic scarcities and are a suffic ent

i
means of allocating resources to their socially most highly valued uses. The
benefit-cost analyst is trying to ascertain what individuals are willing to
pay and/or would have to be paid for the public investment in a world where
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markets are pervasive.

If realized market behavior is used as the data base to establish these
valuations, the analyst uses propositions from economic theory for two pur-
poses: (1) to infer what the price structure would be in a world of pervasive
markets; and (2) to reason from the pervasive market price structure to the
implied consumer valuations. When contingent valuation responses are employed
for the data base, the first step can be avoided, if the conditions posited in

the questionnaire instrument correspond to a world of pervasive markets. One
might reasonably question whether the conditions corresponding to a world of
pervasive markets are sufficiently close to a respondent’s experiences to be

meaningful to him. This justifiable doubt must be weighed however, against
the difficulties of carrying through the analytical exercises necessary to

construct a pervasive market price structure from initial knowledge of the
price structures of a world where markets for many goods are not pervasive.
The way in which this difficulty is customarily avoided when using observable,
realized prices is to assume (for simplicity?) that the observed prices
correspond to those in a world of pervasive markets.

It is a relatively easy task to construct examples that make apparent the
difficulties of reasoning to pervasive markets from observations on non-
pervasive markets. Consider costs of exchange, a phenomenon present whenever
valuable resources (e.g. , time, information, legal and police services, etc.)

must be expended to perform the exchange process.

In Figure 2, the individual’s initial endowment of Y and Y is at Q.
When exchange processes become costly, the individual’s b~dget c&straint  will

vary according to his initial endowment. This is because the costs of the act
of exchanging Y

k
and Y2 differ from the costs of exchanging Y for Y . For

example, from t e perspective of a single individual, the cost of en~aging in
a transaction in which he is to exchange automobiles that he owns for clean
ambient air may differ from these same costs in a transaction where he is

exchanging clean air for automobiles. If the exchange act is costly, an
initial endowment of Q implies a budget constraint of VQV, whereas if the
exchange act is costless, the budget constraint is MM, the customary form
which is an integral part of derivations of demand functions and their assoc-

iated consumer surpluses. ~en theoindividual  completes his exchanges during
the period, he will select Y and Y2 as an optimum if MM is operative. If VQV
is the operative budget cons~raint, he will select Y’1

and Y’.
2

If some point
on MM other than Q constitutes the initial endowment, costly acts of exchange
will mean that a budget constraint different from either VQV or MM may be
operative because the costs of exchange acts may differ by the relative
quantities of the goods in the initial endowment as well as by types of goods.
Thus, the individual’s budget constraint may vary according to the form in
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which his initial endowment was accumulated, although the market value of this
endowment may be identical for many combinations of Y1 and Y . Since costs of

2
the exchange act differ according to the original (Y1,Y2) combination, each
combination will result in a different and generally nonlinear budget
constraint. It follows that, from the individual’s perspective, a dollar is
not an invariant pecuniary measure. Instead, the subjective value of an
additional dollar depends on the fo~ of the income change, i.e., on the good
in which the increment is embodied. Moreover, it appears that realized
market behavior is dependent not only on money incomes and relative market
prices of goods, but also upon the combination of goods the individual starts
with and the relative and absolute costs of exchange associated with those
goods . These costs of exchange acts are probably neither trivial nor similar
across individuals.

If realized market behavior depends on the costs of the exchange act for
the bundle of goods an individual holds, if, for the same bundle of goods,
these costs differ across individuals, and if individuals do not hold similar
goods bundles, then the analytical effort required to infer what the price
structure would be in a world of pervasive markets must clearly be greater
(probably much greater) than when all individuals have no exchange act costs
and when budget constraints are therefore invariant with respect to the bundle
of goods held. Rather than facing these and similar analytical complexities
directly in order to construct the price structure of a world of pervasive
markets, or rather than simply dismissing the problem as an offensive bother,
it may often be more effective to construct, using contingent valuation tech-
niques, an artificial market for the environmental good to be valued. For the
contingent valuation exercise participant, the number of goods for which
markets are non-existent or incomplete is thereby reduced by one. This re-
duction clearly cannot remove all sources of distortion since the
participant’s valuation continues to depend in part upon the price structure
for all remaining goods. Nevertheless, it is well known that the direct
effects of a parameter change upon a variable of interest exceed the indirect
effects. This suggests that the introduction of the artificial market reduces
rather than enhances the impact upon valuation of the presence of incomplete

6
markets.

BENEFIT-COST ANALYSIS, PROPERTY RIGHTS, AND CONTINGENT VALUATIONS

The fact of incomplete markets says nothing about the degree of distor-
tion in the observed price structure for marketed goods. Some recent qual-
itative literature [e.g., Norgaard and Hall (1974), and Smith and Krutilla
(1979)] suggests that the extent of distortion could”be substantial. The
great bulk of goods having actual market prices are thought to be primary
commodities and the goods chemically and mechanically fabricated from them.
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Because the costs of participating in direct exchanges involving the aesthe-
tic, health and ecological support system aspects of natural environments are
high, they frequently have no explicit market prices even though they are
economically scarce and contribute in a non-separable fashion to the pro-
duction of the fabricated goods. As a result, the market prices of fabricated
goods are typically less than their opportunity costs of production. In
short, those who attach high relative values to environmental goods have
historically subsidized the consumers of fabricated goods. To use a price
structure that has evolved at the expense of environmental goods to impart
values to them has no basis in economic logic. The values must be established
in a setting where the opportunity costs of environmental goods register in
the plans of those who would use them.

Attempts to bring about this registration must generally involve the
reassignment and/or the restructuring of claims on common property or public
environmental goods. There exist analytical devices in economics allowing one
to ascertain the effects upon consumer valuations of pro erty rights re-

Y
assignments for goods, whether marketed or non-marketed. However, where the
conditions of use, exclusion, or alienation are altered (i.e., property rights
are restructured), there is no everyday behavior to observe, except insofar as
one is willing to draw analogies from observed behavioral responses to changes
in the property rights structures of other goods. If one knew what the
availability of the non-market good would be under the property rights
restructuring, it might seem one could, if one had everyday behavioral obser-
vations on consumer time and budget allocations at the same level of avail-
ability, determine the change in consumer valuation due to the property right
restructuring. However, if the restructuring reduces the costs of the act of
exchange this reduction can, as we argued in the previous section, alter the
value the consumer attaches to a given level of availability. Furthermore,
since consumer valuations will, through either the market or the political
process, influence the level of availability, how is one going to reason from
the level of availability to consumer valuations for the restructured property
right? Economic analysis does not yet have a sufficient understanding of the
reciprocal relations between costs of the act of exchange and property rights
structures, nor between these costs and various demand phenomena, to permit
the ready testing of detailed empirical generalizations in a wide variety of
settings. Thus, the only really sound way of obtaining an estimate of whether
the net benefits of a particular property rights restructuring are positive,
if one insists upon employing observed everyday behavior, would be to perform
the restructuring and observe the results. In some circles, this is simply
known as trial and error. Trial and error can be an extremely costly way to
perform research because the errors are real rather than hypothetical. In
contrast, contingent valuation methods allow one to investigate the behavioral
responses to a wide variety of property rights structures without involving
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the citizenry in the traumas of what often is euphemistically termed social
experimentation.

One obviously cannot directly observe everyday behavioral responses to
property rights structures that have never existed. Similarly, one cannot
directly observe the everyday behavioral responses of individuals who have
never participated”in’’activities  involving the non-marketed good at levels at
which the good has been historically available. If some of the proposed
levels of availability have not been historically available, and if some
former nonparticipants would become participants at these new levels, the use
of data on observed behavior to ascertain valuations would mean that the
valuations of the would-be participants play no part in determining the valu-
ation. For each proposed level of availability, the use of observed, realized
behavior to establish valuation will mean that only historical participants
are to count. Those who have not participated historically have no opportun-
ity to communicate their preferences. Contingent valuation methods, because
they allow the researcher to introduce ranges of availability of the non-
marketed good that are broader than historical experience, permit the values
of historical non-participants to become relevant.

CONTINGENT METHODS AND A PRIORI ASSUMPTIONS

Previous sections have stressed the usefulness of contingent valuation
methods in traveling from prices. established within incomplete markets to
value measures that are meaningful in welfare-theoretic and policy terms. In
this section, we argue that these methods are useful even when the trip is
unnecessary as when expected and realized utility are similar and when markets
are nearly pervasive. The methods can be useful in even these cases because
they assist in reducing the dimensionality of the reality the investigator
must grasp.

Economists who have worked with problems of consumer analysis are
thoroughly familiar with three fruitful a priori restrictions (additivity,
homogeneity, and symmetry) that come from the neoclassical demand theory of
Slutsky (1915) and Hicks (1934). Further reductions in dimensionality of the
parameter space in which estimation is to be carried out can be achieved by
judicious invocation of various separability conditions. Finally, some recent
developments in the application of mathematical duality principles (the enve-
lope theorem) to consumer theory sometimes allow one to reduce the number of
parameters to be estimated without having to impose particular monotonicity
and curvature properties upon the consumer’s maximization problem (See
Diewert, 1974).

Contingent valuation methods can provide additional restrictions by
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allowing the investigator to control the number and levels of different physi-
cal contexts and adaptation opportunities to which the participant must re-
spond. Disturbances imposed by confounding variables upon the responses of
interest are therefore at least partially controlled for in the data generat-
ing exercise. This contrasts with the standard practice of placing sole
reliance in an ex post fashion upon the application of multi-variate para-
metric estimation techniques. For a given number of observations, these
methods can thus increase degrees of freedom and the efficiency of estimators.
For instance, in the South Coast Air Basin Experiment previously mentioned,
the contingent value approach was able to obtain separate dollar valuations
for aesthetic as well as acute and chronic health effects. In contrast, one
can only guess what the relative magnitudes are for the property value com-
ponent cross check.

The use of contingent valuation techniques to reduce the parameter space
may be advantageous for reasons in addition to statistical considerations.
Often, as noted above, the investigator imposes, ex Yost, various separability—
conditions upon market-generated data in order to make it more tractable.
These separability conditions may imply, for example, that beer drinking at
the local tavern is not a substitute for cross-country skiing. The conditions
are imposed without consulting the individuals whose responses are registered
in the market data. They are instead generated by what the investigator in-
tuitively feels to be “reasonable,” and what is required for analytical con-
venience. It is not obvious that the investigator’s “feelings” and the frame-
work he uses in accounting for what is and what is not important is to be
preferred to actually providing the respondent with the opportunity to state
how he would respond to alternative contingencies. The details to be ab-
stracted from are presented to the respondent rather than being left to the
investigator. In both situations, simplifications are made that will permit
the investigator to work with the data. In the contingent valuation case,
however, the respondent gets the opportunity to weigh the importance of these
confounding variables in making his choices. In the observed behavior case,
the investigator is presuming he knows as well as the respondent what, from
the respondent’s perspective, is and is not an irrelevant alternative. The
closed questions employed to gather data with contingent valuation methods
allow the domain in which the response data is generated to conform to the
structures of the underlying analytical model rather than forcing, via a set
of possibly tenuous assumptions (e.g. , the absence of jointness, the presence

A
of perfect competition, etc. , the real world generated data to conform to the
preconceptions of the model. At the same time, the user of the methods must
accept ultimate responsibility for the origin of the data, as well as the ana-
lytical model and the estimation procedures used to test hypotheses.
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SUMMARY AND CONCLUSIONS

The preceding is a taxonomic  discussion of some reasons why contingent
market methods may often be a superior means of generating data with which to
value non-market commodities. We have argued that economists have erred in
viewing the situations these methods posit as necessarily fictional; that the
data generated by themethods may, for non-marketed goods and the activities
with which they are associated, accord more closely with the conditions of
received economic theory; that the methods can make it easier to remove the
difficulties of estimation and interpretation introduced by confounding vari-
ables; and that they often permit one to deal more readily with phenomena that
have not been in the range of historical experience. Nevertheless, whatever
the advantages, a major disadvantage remains. Until detailed analytical
knowledge is acquired of the manner in which expectations are formed, there
exists no way to refute empirical propositions established from contingent
markets. Nevertheless, the previously mentioned South Coast Air Basin experi-
ment (Chapter 3), where the bids obtained for clean air conformed fairly
closely to the values implied in a residential property value study, suggest
that contingent valuations have a basis in the real decision processes of
consumers.
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<, REFERENCES

1 Issues of potential bias in any mechanism that elicits preferences have
long been raised (Samuelson, 1955). It is not our purpose to address
these, as series of contingent valuation experiments suggest the problem
is not significant [Brookshire, et al. (forthcoming (a))].

2 According to Maler (1974, pp. 183-189), weak complementarily exists if
the quantity demanded of a marketed good is zero when the marginal
utility of the non-marketed good is zero. Bradford and Hildebrandt
(1977) have recently expanded the Maler (197,4) result to show that under
weak complementarily all information required for efficient provision of
the non-marketed good is imbedded in the demand functions of marketed
goods .

3 Adaptive behavior, once having committed one’s self and experiencing
unanticipated regret or satisfaction thereby, can be treated as the
acquisition of further information.

4 As used here, “social” refers solely to a world in which all voluntary
gains from exchange, given the initial distribution on income, are
exhausted. Only under classical conditions (an absence of nonconvexities,
irreducible uncertainty, coordination costs leading to externalities, and
less than complete contingent claims markets), does current economic
knowledge demonstrate that market prices alone would be sufficient to
make efficient (Pareto-optimal) allocations attainable.

5 Empirical evidence to support this is widely available. Newhouse, et al.
(1974) find that the demand for health care is sensitive to modes of pay-
ment. Keeley, et al. (1978) obtain the same result in the demand for
leisure when the form of a negative income tax is altered. In contingent
valuation exercises, Rowe, et al. (forthcoming), and Brookshire, et al.
(forthcoming) have found statistically significant differences in bids
when utility bills, income changes, and hunting license fees are employed
as bidding vehicles. Indeed, the standard undergraduate problem of
whether one would prefer a housing allowance to an income subsidy of
equivalent money value implies that the former is not readily converted
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to the latter.

6 Consider the simple consumer’s utility maximization problem of:

maximize U = u (X1,X2)

. . . . subject to M =
‘lX1 + ‘2X2

where the xi(i=l,2)  are goods, the p are their respective unit prices,
and M is money income. An interior ~ximum requires that’U U
> 0,

11’42- (U12)2where the subscripts indicate partial derivatives taken with respect—
to the good in question. This says that the effects upon the utility
obtained from one good due to a change in another good cannot dominate
the direct utility effects of a change in either good.

7 If, for example, there is an increase in pollution, the amount the
sufferer would have to be paid in order to be willing to accept the
increase is consistent with the polluter being liable for the damages he
causes. The amount the consumer would be willing to pay to prevent the
increase implies that the polluter has zero liability for any harm he
imposes upon the sufferer.

8 As Medawar (1979, p. 15) has remarked: “It is a truism that a ‘good’
experiment is precisely that which spares us the exertion of thinking;
the better it is, the less we have to worry about its interpretation,
about what it really means.”
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. . . CHAPTER 5

AN EXAMINATION OF BENEFITS AND COSTS OF MOBILE SOURCE CONTROL
CONSISTENT WITH ACHIEVEMENT OF AMBIENT STANDARDS IN THE SOUTH COAST AIR BASIN

INTRODUCTION

Chapter 3 described an experiment conducted in the South Coast Air Basin
to quantify and validate benefit measures of air quality improvements. The
qualified success of that effort suggests that a policy application of those
benefit measures may be appropriate. Thus, the intent of this chapter is to
examine national ambient air quality standards in a benefit-cost analysis
framework as applied to the South Coast Air Basin which consists of all or
portions of Los Angeles, Orange, Riverside and San Bernardino Counties in
Southern California.

The national ambient standards for oxidant (formerly .08 and now .12 ppm
maximum hourly concentration) and nitrogen dioxide (.05 ppm annual average
concentration) are consistently violated throughout the basin with the notable
exception of the immediate coastal areas which we have described as
characterized by “good” air quality in Chapter 4 [See Figu es 3.13.4 in
Erookshire, et al. (1978) for a map of air quality areas].

f
Thus, in a broad

context, if the entire South Coast Air Basin were to be brought into
compliance with ambient standards, areas we have characterized as having
“fair” or “poor” air quality would then be characterized as having “good” air
quality. The development of an aggregate benefit measure for achieving
ambient standards for the entire basin is then a straightforward extrapolation
(given the original experimental design) where benefits are taken to be the
aggregate willingness to pay for all households in both “poor” and “fair” air
quality areas to have “good” air quality, as defined both for the preceding
property value and survey studies. Of course, any extrapolation to a
basin-wide population of aboue 2.4 million households (homes) from a sample of
719 home sales or from interviews with about 400 households can come under
serious question. In particular, the communities chosen for sampling,
although characterized by considerable variation in income and social
characteristics, may not represent a random sample of communities in the South
Coast Air Basin. However, the property value study does allow calculation of
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household willingness to pay as a function of income and air pollution. It f.!j

this relationship that we use for benefit calculations assuming, in effect,
that income and population affect willingness to pay for air quality
improvement in the same way throughout the basin as they did in our limited
sample. Note that these estimates
effects.

. . .

Since benefits are calculated
inventory) level of air quality to

exclude any agricultural or ecosystem

for moving from the current (1976 emissions
the ambient standards, costs must be

calculated on the ’same basis. However, our preliminary analysis indicated
that costs for on-road mobile source control measures were substantially more
defensible than those associated with stationary and institutional controls.
Therefore only the benefits and costs attributable to on-road mo ile source

9control are examined to the exclusion of other control measures. Benefits are
then those corresponding to the share of total emissions reductions which are
accomplished by on-road mobile source control. Costs are calculated for only
these measures also.

Although a careful engineering-cost study for using mobile source control
to achieve ambient standards would be desirable, the objective here must be
quite limited in that we are forced to use available cost evidence which in
many cases is quite uncertain. For the most part, we have relied on manu-
facturer statements and government publications for cost calculations. In
developing control cost estimates, given the large uncertainty which exists,
we simply present available data on the range of costs per ton of reduced
emissions for hydrocarbons, carbon monoxide and nitrogen oxides and, using
these numbers, estimate a broad range for basin-wide control costs to compare
to the range of benefit measures.

In addition, we have used the Air Quality Management Plan (January, 1979)
as the basis for the calculation of required emissions reductions.
Calculations presented in the plan indicate that to achieve ambient standards
in 1979 would require reductions of 974 tons per day in reactive hydrocarbons,
5963 tons per day of carbon monoxide and 503 tons per day of nitrogen oxides.
Of these amounts we have estimated that mobile source controls are responsible
for 728 tons/day, 6023 tons/day and 397 tonslday of hydrocarbons, carbon
monoxide and oxides of nitrogen, respectively. Our principle conclusions can
then be summarized as follows:

Benefits of achieving ambient standards for air quality
in the South Coast Air Basin for 1979 fall in a range of
1.6 to 3.0 billion dollars per year. Of this total on-
road mobile source control is responsible for approximately
1.36-2.55 billion dollars.
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Assuming that to achieve the ambient standards in 1979 the on-road
mobile source emission reductions are those stated above, then
corresponding total basin-wide control costs fall in the range of .6. -
1.32 billion dollars.

Benefits of control efforts to achieve ambient air quality standards
in the South Cm.at Air Basin appear to be of the same order of magnitude
as control costs. Given uncertainties over benefits and costs, this
implies that ambient air quality standards cannot be rejected as
economically inefficient on the basis of benefit-cost analysis.

Continued growth of population and economic activity in the South
Coast Air Basin could well alter the relative magnitudes of benefits
and costs of achieving the ambient standard in an unknown direction by
the attainment date of 1987.

The next section briefly discusses the use of this type of benefit-cost
study in policy analysis. Section 3 describes the construction of aggregate
benefits, costs of control are presented in Section 4, and Section 5 concludes
with a comparison of benefits and costs.

THE APPLICATION OF BENEFIT-COST ANALYSIS TO ENVIROIMINTAL STANDARDS

The application of benefit-cost analysis to environmental standards has
been described in great detail in the economics literature (see for example
Kneese and Herfindahl, 1974). An ideal or optimal standard is one where net
benefits -- the difference between benefits of improved air quality and
control costs -- are the greatest. For example, Figure 1 shows the optimal
standard as S

1’
where the degree of air pollution control provides a level of

improved air quality (as measured on the horizontal axis) such that benefits,
B , exceed control costs, C , (or both measured on the vertical axis) to the
g+eatest extent. Note thatlin Figure 1, benefits are assumed to increase at a
decreasing rate with air quality improvement while control costs are assumed
to increase at an increasing rate. The slopes of these relationships are
presumed to arise respectively from (i) the diminishing rate of increase of
value to consumers of improved air quality as air quality approaches
“perfection” and (ii) because costs of additional emissions control will rise
increasingly rapidly as a level of zero emissions (i.e., perfect air quality)
is approached. At the optimal or economically efficient standard, S1, given
our assumptions, benefits strictly exceed costs (B > Cl).

1
Thus, in

evaluating the role that on-roa”d  mobile controls p ay in achievement of the
national ambient air quality standards as applied in the South Coast Air
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Basin, the first test for economic efficiency is simply to check if benefits
exceed costs. Obviously, it would be desirable to construct benefit and cost
cumes as shown in Figure 1 to pick the best standards for comparison to
actual standards. However, the uncertainty over benefits and especially costs
makes such an effort of doubtful value. Rather, given the likelihood of broad
ranges for benefits and costs as calculated for the ambient air quality
standards, we are Ynt@restedy  from the perspective of economic efficiency, in
avoiding either a situation like S

$
in Figure 1 or S in Figure 2. In both

these cases, costs far exceed bene its and it is cle~r that the standards, S
or S , are economically inefficient.

2
In the first case (S2 in Figure 1) thez

stan ard has been pushed too far -- to the point where costs of control have
risen above benefits, implying excessive standards (B <c). In the second

2
case (S $in figure 2), control costs are always above bene its and any stand-
ard is &desirable. Given that control costs typically rise very sharply as
emission controls become stringent, it is worthwhile, even with uncertain
estimates, to check if benefits are at least of the same order of magnitude as
costs.

Thus, placed in this perspective our objective is not to develop precise
and defensible cost estimates for comparison to benefit measures developed in
the preceding chapter, but rather to see if claimed ranges for control cost
options to achieve ambient standards possibly allow ambient standards to be
met at costs less than benefits.

BENEFITS FROM AIR QUALITY IMPROVEMENT

Description of the Study Region3

The study area -- the South Coast Air Basin (SCAB) -- consists of Orange
and Los Angeles Counties and portions of San Bernadino and Riverside Counties
of California. This area has a long history of air quality problems. For
instance, Spanish explorers in the sixteenth century noted smoke from Indian
campfires in the basin, trapped by inadequate horizontal and vertical air
mixing. The post World War 11 period, characterized by Southern California’s
rapid population growth and industrial development, was marked by the
emergence of photochemical smog as a threat to the regional environment. In
response, air pollution abatement programs for stationary sources began in the
late 1940’s. Control of mobile source emissions commenced in the early
1960’s, a response to the discovery of the automobile’s role in the smog
formation mechanism. Thus, air quality deterioration in the SCAB has multiple
causes: topography, meteorology, and dense population and economic activity
with correspondingly large emissions.

The SCAB is essentially a coastal plain with connecting valleys and low
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lying hills bounded by the Pacific Ocean to the south and west and mountain
ranges along the inland perimeter [Southern California Association of Govern-
ments, et al., (1979)]. Elevation varies from slightly above sea level in the
coastal areas to greater than 11,000 feet in the mountainous inland. Intra-
basin transport of air pollutants generally follows inland valley pathways.

The main meteorological characteristics of the South Coast Air Basin are
mild temperatures, limited precipitation, low wind speeds and persistent in-
version layers with low mixing heights. Annual average temperatures range
from the low to mid 60’s throughout the basin. Variation in temperature is
much greater in the eastern portion of the basin due to the decreased oceanic
influence. Rainfall amounts vary little throughout the basin and are
generally small, typical of a coastal desert. Sunshine is a critical element
in the formation of photochemical  oxidants, and possible sunshine is generally
high. For instance, 73 percent of possible sunshine is recorded annually in
downtown Los Angeles.

Low wind speeds with little seasonal variation are a common occurrence
throughout the basin. An average wind speed of 5.7 miles per hour has been
recorded in downtown Los Angeles over the period 1950 to 1976. The dominant
diurnal wind pattern, broken only by the Santa Ana winds and winter storms, is
a daytime sea breeze and a nighttime land breeze. Horizontal air movement is,
therefore, limited. Vertical dispersion of air pollutants is also limited due
to frequent existence of temperature inversions near the surface.

The topographic and meteorological conditions inherent in the South Coast
Air Basin imply that the region is limited in its ability to disperse
pollutants, both horizontally or vertically. Therefore, pollution emissions
have a relatively large impact upon ambient air quality. The situation is
further exacerbated since the emission of air pollutants is considerable due
to the region’s dense population and prosperous economy.

Table 1 presents the air pollution emissions for 1975-76 by major source
category for an average summer weekday in the SCAB. Also included are the
relative percentage contributions by mobile and stationary sources. These
figures represent the baseline emissions for the benefit-cost analysis which
follows; that is, the reductions required to attain the federal primary air
standards are determined from these baseline statistics. As is illustrated,
on-road mobile sources (light duty autos and trucks, medium and heavy duty
trucks, heavy duty diesel trucks, and motorcycles) contribute in excess of 50%
of total emissions for all pollutants except sulfur oxides and particulate.
In these latter categories, stationary sources are the dominant contributors.
Offroad mobile sources (aircraft, railroads, ships, etc.) contribute
negligible amounts in all cases.
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In Table 2 the emissions inventory is disaggregate by county. As is
indicated in the Table, Los Angeles and Orange Counties have a
disproportionate share of total emissions, but this corresponds to their
shares in population and economic activity.

The existing emissions inventory is such that on virtually every day, at
least one of the fe’deral air quality standards is violated at some location in
the South Coast Air Basin. For example, the federal oxidant standard (.08
ppm) was exceeded on 252 days in 1976. In addition, the State oxidant first
stage episode level of .20 ppm was violated on 204 days in 1976, with a
maximum reading of .38 ppm. The nitrogen dioxide standard (.05 ppm) was also
consistently violated, with the greatest number of violations occurring in the
densely populated areas of Los Angeles and Orange Counties [Southern
California Association of Governments, et al., (1979)]. Therefore,
significant reductions in existing emissions levels of all pollutants, with
the exception of sulfur oxides are required if the South Coast Air Basin is to
become an attainment region.

It should be noted that reactive hydrocarbons, nitrogen oxides and carbon
monoxide are the pollutants of most importance in the South Coast Air Basin.
Significant reductions of total suspended particulate (TSP) are also required
to meet the corresponding ambient standards. However, total suspended part-
iculate pollution is primarily background [Southern California Association of
Governments et al., (1979]). For this reason, the benefit-cost analysis which
follows concentrates on the required reduction of reactive hydrocarbons,
nitrogen oxides, and carbon monoxide.

In order to determine the emissions reductions to satisfy the federal
standards, one must have knowledge of the relationship between emissions and
air quality. However, this “is an area characterized by substantial
uncertainty and controversy. The estimates used in this analysis are from
the Air Quality Management Plan.

This modelling  indicated that reactive hydrocarbon emission of 506 tons/
day, nitrogen oxides emissions of 800 tons/day and carbon monoxide emissions
of 2480 tons/day would allow the federal ambient standards to be satisfied.
Therefore, the baseline emissions of reactive hydrocarbons, nitrogen oxides
and carbon monoxide would have to be decreased by 974 tonsfday,  503 tonslday
and 5963 tons/day, respectively [Southern California Association of Govern-
ments, et al., (1979)].

Since, the primary concern of this exercise is the evaluation of on-road
mobile source controls then the proportion of the required reductions in
emissions attributable to these controls was necessary information. This was
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Table 5.2

197s-76 Emissions-Major Sources by County
SCAB Average Sumner Weekday

Los Angeles Orange Riverside San Bernardino
County County County County

Tota l  Hydrocarbons”
Stationary Manmade 520.3 91.7 21.5 33.0
Natural 699.3 250.2 89.8 10I . I
On-Road Mobile 686.9 187.1 38.4 54.6
Off-Road Vehicles 65.I 17.7 3.6 5.2 “

TOTAL 1971.6 546.7 153.3 193.9

Reactive Hydrocarbons
Stationary-Manmade 393.1 69.3 16.2 24.9
Natural 91.2 24.6 60.7 43.3
On-Road Mobile 626.7 170.8 35.1 49.8
Off-Road Vehicles 59.6 16.2 3.3 4.7

TOTAL 1170.6 280.9 115.3 122.7

Carbon Monoxide
Stationary 18.9 9.1 23.2 164.2
On-Road Mobile 5462.2 1451.5 352.1 439.0
Off-Road Vehicles 373.1 24.29 9 . 5 30.2

TOTAL 5854.2 1560.1 399.5 633.4

Nitrogen Oxides
Stationary 347.8 32.7 6.7 50.0
On-Road Mobile 482.2 135.5 33.0 42.9
Off-Road Vehicles 86.4 24.3 5 . 9 7 . 7

TOTAL 943.4 192.5 45.6 100.6

Sulfur Oxides
Stationary 234.2 22.8 - - - 55.6
On-Road Mobile 26.0 1.7 2.3
Off-Road Vehicles 22.8 ;:; 1.5 2.0

TOTAL 283.0 36.1 3.2 59.9

Total Suspended
P a r t i c u l a t e

Stationary 75.5 20.7 27.0 27.2
On-Road Mobile 65.5 18.3 4.3 ;.:
Off-Road Vehicles 16.2 4.5 1.1 -

TOTAL 157.2 43.5 32.4 34.4

Reference: AQMP
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calculated as follows. First, baseline emissions (1975-1976) were inflated to
reflect the expected growth from the present to 1987, the expected attainment
date. This yielded the emissions levels in the absence of control. The
inflated emissions were divided into the on-road mobile, off-road mobile and
stationary categories assuming that growth in each was proportional to its
existing share of the emissions inventory.

. . .

Second, from these 1987 emissions levels we subtracte the projected 1987
‘1emissions levels which assume currently mandated controls. The result was

the impact of the control measures in each category. Therefore, on-road
mobile source controls account for .747, .789 and 1.0160f the reduction in
emissions of HC, NO , and CO from the present to 1987. Finally, these
factors were applie ~ to the required emissions reductions stated above. Thus
in the scenario analyzed here on-road mobile source controls are responsible
for reducing emissions approximately 728 tons/day, 397 tons/day and 6023
tons/day of reactive hydrocarbons, nitrogen oxides and carbon monoxide,
respectively. Off- road mobile, stationary and controls make up the balance
of the control effort designed to attain the Federal Ambient Standards.

The Benefits of Emissions Reductions

The benefits from air quality improvements are derivable from either the
housing value method or the survey approach detailed in the previous chapter.
However, the housing value approach, which allows the derivation of an esti-
mated relationship between pollution abatement benefits and the independent
variables income and initial pollution concentration, is more amenable to this
policy application. For this reason, the housing value approach is the
primary method employed to estimate benefits from the air quality improvement
associated with the stated emissions reductions.

The housing value analysis used is a multi-step procedure:7 (i)
estimation of a hedonic housing value equation which relates home sale price
to a set of home and neighborhood variables; (ii) derivation of marginal
willingness to pay for air quality improvement; (iii) estimation of a marginal
benefit equation which relates marginal willingness to pay to income and
existing pollution levels (i.e., this is the inverse demand curve); and (iv)
mathematical integration of the marginal benefit equation to determine total
household benefits for any stated air quality improvement. This final step is
equivalent to determining the area under the inverse demand relationship. It
is this latter relationship that is used to determine basinwide benefits for
any decrease in pollutant concentrations by applying the household benefits to
the relevant population.

The multi-step nature of the housing value approach produces a resulting
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benefit equation which is inherently dependent upon previous steps. For
instance, collinearity among the various pollution measures dictated the use

of nitrogen dioxide (NO ) as a proxy for overall pollution. Also, there
existed no significant 2ifference in statistica12perform~nce  in the hedonic
housing equation between N02 measured as NO , NO , or NO . However, the

?$8resulting benefit estimates were substantial ly a fected y the choice of
measurement. Variation in the third procedural step estimation of the
marginal benefit relationship was found not to alter the benefit results
measurably; that is, benefit estimates were essentially invariant to the form
of the estimated relationship (linear-linear, log-log). Therefore, benefits
from air quality improvement are not determined uniquely, rather a range
results are obtained depending upon the particular estimation procedure used.

In total, six estimated benefit equat ons,3determined by the pollution$
variable used in the initial step (NO , NO , N02) and the form of the marginal
benefit equation (linear-linear, log-?og) ?were utilized to calculate house-
hold benefits. The general structure of the benefit equations corresponding
to the linear-linear marginal benefit equations is

HB

where

HB =
P =
B

~A ~

= C1”(PB-PA) + C2”(PB-PA)”Y  + C3”(P2
B - P:)

household benefits in dollars
initial pollution (N02) level in pphm
pollution (NO ) level after proposed improvement in pphm

?income in dol ars

C,,co,c, = estimated coefficients determined by integration of the appropriate
J.L.J

marginal benefit function.

The general benefit equation corresponding
equations is

H B = C
1

Table 3 presents

In order to

to the log-log marginal benefit

C 3 “

the estimated coefficients.

demonstrate the use of the benefit equations, consider Figure
3. The figure shows a family of constant benefit curves which indicate all
combinations of income and existing pollution that yield an identical
willingness to pay (dollar amount over the life of the home) to achieve the
ambient standard. As is evident, those individuals with high income and poor
air quality would be willing to pay the most for the stated air quality
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TABLE 5.3

. . .

Benefit  Equation Coefficients

Pollution Variable Used in
Hedonic Housing Value Equation

Linear - Linear Marginal N02 NO; NO; ~~
Benefit  Function .

c1 53.996 -1883.1 -2294.5

C2 .11513
.

.086995 .057521

C3 -31.204 66.605 95.145

Log - Log Marginal
Benefit  Function

c1 .024134 .001785 .000115

C2

1.1983 1.1985 1.1988

C3

.69054 1.69195 2.691

9 3
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improvement. Further, an individual with relatively high income and good air
quality would be willing to pay as much as an individual characterized by poor
air quality and low income.

Benefits derivable from moving to the ambient standard can be calculated
given values for income and baseline pollution in all areas. In the context
of the earlier discussion, this constitutes improving the “fair” and “poor”
air quality areas to the “good” category. The fair and poor regions are
assigned values of 9.55 pphm and 12.38 pphm, respectively, as determined by
the sampling procedure outlined in Chapter 3. Therefore, if all regions were
to upgrade to the “good” level, it would involve an approximate 30% improve-
ment in the fair communities and a 45% improvement in the poor air quality
communities.

With respect to income data, two methods were initially utilized. In the
first method each household was allocated the county average income. The
second procedure assumed that the good air quality region was inhabited by an
income group wealthier than average. Thus, on the basis of the survey
responses the good air quality area income was determined and then separated
out from total county income. Each household in the poor and fair air quality
regions was then allocated the average of the remaining income. This second
method, although somewhat lowering average income per household in the poor
and fair communities had little effect on aggregate benefit estimation. Thus ,
results are presented for the first method only.

With all data inputs specified, household benefits are calculated using
the estimated benefit equations. These benefits which accrue over the life of
the home, represent differences in home sale price attributable to variations
in air quality. In order to transform these into annual benefits the standard
annualization procedure is employed (1978 interest rate = .10). Aggregation
is then accomplished for each county by deflating by persons per household and
multiplying by county population. This generalization to the entire county
assumes that the household sample analyzed is representative of the population
at large.

Aggregate benefits associated with achieving the federal air quality
standards in the South Coast Air Basin are presented in Table 4. As is illus-
trated, aggregate benefits range from 1.5 to 3.8 billion dollars annually.
Further, the bulk of the benefits occur in populous Los Angeles and Orange
counties. The upper bound estimate corresponds to the benefit equations
derived from the use of N02 in the hedonic housing equation (initial step of
th multi-step procedure) whereas the lower bound corresponds to the use of

?3
N02. The form of the estimated marginal benefit function has no significant
impact on the benefit estimates.
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Table 5.4

Annualized Benefit Estimates for Achieving the

Federal Ambient Standard (1978 $000)

Functional Form County

Pol lut ion Var iable Functional Form San Bernardino Riverside Orange Los Angeles Total
in Hedonic Housing of Marginal <

Equation Benefit Function

NO, Linear - Linear 295708 234345 638571 2711045 3879669
L

NO; Linear - Linear 194455

NO; Linear -  L inear 118541

53284 414687 1776702 2539128

93117 245573 1065688 1522919

N02 Log - Log 287443 228393 615769 2611015 3742620

NO: Log - Log 204302 162331 413405 1789905 2569943

NO; Log - Log 129231 102681 246916 1092596 1571424

.



For purposes of comparison, the survey approach which accompanied the
property value analysis, yields an aggregate benefit estimate of approximately
1.65 billion dollars annually, whereas a housing value analysis which utilized
total suspended particulate as the proxy variable yields estimates in the 2.2
to 2.7 billion dollar range. Based on this evidence, a narrowing of the
probable range of benefits to 1.6 to 3.0 billion dollars annually seems in
order. . .

Apportionment of these benefit figures between the on-road mobile, off-
road mobile and stationary categories is accomplished through application of
the percentage figures described above. Using the percentage averages over
reactive hydrocarbons, nitrogen oxides and carbon monoxide then on-road mobile
controls are assigned approximately 85% of the benefits. Therefore, the
benefits from air quality improvement associated with on-road mobile controls
range from 1.36 - 2.55 billion dollars annually. Again, the remainder of air
quality improvement benefits are a function of off-road and stationary and
institutional control measures.

Before proceeding to the next section two qualifications should be noted.
First, the benefit calculations are inherently tied to both the air pollution
modeling efforts contained in the Air Quality Management Plan and the esti-
mation procedures outlined in Chapter 3. Second, it should be noted that
these benefit calculations were derived assuming a one year cleanup period.
This essentially static analysis is som what unrealistic given the magnitude

8
of the air quality problem in the SCAB. A dynamic approach which examined the
benefits resulting from a multi-year clean-up would indicate expanded benefits
due to increased population and economic growth and associated increased
emissions levels. The increased emissions would imply a larger required
emission reduction to satisfy the federal standards and a corresponding larger
benefit per household. The greater population would increase aggregate
basin-wide benefits.

In the next section, dollar per ton removed cost estimates are presented
for on-road mobile pollution control methods. These cost estimates are then
used to determine total clean-up costs for the required emissions reductions.

ESTIMATED COSTS OF AIR QUALITY IMPROVEMENT

Institutional Background

Control of vehicular emissions began in 1961, when the automakers, under
pressure from the California legislature,,  installed positive crankcase
ventilation (PCV) systems in order to reroute “blowby” fumes back into the

9engine intake. These emissions had been discovered two years earlier to
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account for 20-25 percent of hydrocarbon emissions. Positive crankcase
ventilation was adapted nationwide in 1963 [Mills, et al. (1978), and
Wakefield, (1980)].

The 1965 amendments to the Clean Air Act directed the secretary of HEW to
set emissions standards for automobiles effective January 1, 1968. The Clean
Air Act was further amended in 1970 setting goals of 90 percent reductions in
emissions from automobiles by 1975-76. The objective of such legislation
seemed reasonable; fewer pollutants, more efficient engines. However, the
attainment of such objectives has been a difficult process.

Emission standards were first set for hydrocarbons (HC) and carbon
monoxide (CO); the 1970 standards were 2.2 grams/mile and 23 grams/mile
respectively (7-mode test). In the early years the control of those
pollutants focused on modification of existing engines. The original
modifications (leaner air-fuel mixtures, retarded ignition timing and higher
coolant temperatures) were relatively unsuccessful, causing associated side
effects (reduced fuel economy and engine response). Later modifications
proved more successful both in combatting pollution and reducing the unwanted
side effects.

California was the first to set a limit on nitrogen oxide (NO ) emissions
-- 4.0 grams/mile for the 1971 year. This was in response to N(J ~eing
identified as an important element in the formation of photochem~cal  smog.
However, the control of NO introduced an inherent conflict. Hydrocarbon and
carbon monoxide control ha~ been achieved by afterburning through air
injection, delaying spark, leaner mixtures or hotter combustion. Nitrogen
oxide control required reducing temperature since they were a byproduct of
very hot, relatively efficient combustion. This was accomplished by exhaust
gas recirculation (EGR) which had dramatic negative impacts on fuel mileage
and driveability (response to acceleration and performance under constant
speed [Wakefield,  (1980)].

Even though the original 1975-76 standards were delayed considerably the
1975 federal emission regulations were so stringent (1.5/15/3.1 grams per mile
of HC/CO/NO  using the Constant Volume Sampling - 75 test) as to require a
technologic~l  revolution. The catalytic converter was introduced. Since the
catalytic converter was downstream from the engine operation it freed the
engine from earlier modifications. This meant better engine response and fuel
economy from a given engine controlled with a catalyst rather than controlled
without a catalyst.

The first catalytic converters controlled HC and CO leaving NO to be
controlled by conventional means. However, 3-way catalytic convert~rs  in
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which two separate catalyst beds control HC, CO and NO now exist. This
latter innovation, together with advances in electroni~  monitoring have
allowed control of vehicular emissions while minimizing the effects on
driveability and fuel economy. However, this is sophisticated and costly
technology. It is the costs we turn to next.

The Costs of Emissions Reductions

The estimation of control costs is characterized by controversy and a
large degree of uncertainty. The difficulty in estimation is concentrated
around two central problems. The first is determining the actual cost of any
particular control technique. In many instances, with very little con-
struction experience, the cost of specific control devises is unknown. Also,
marketing strategies affect the direct cost to the consumer. For example, the
cost of California systems which requires larger emission reductions than
their federal counterparts may be spread out among all automobile consumers
rather than those located in California. Further, control techniques
generally imply associated secondary costs and savings which often escape
quantification. These secondary implications can have a significant impact on
the cost of any proposed control option.

The second problem is the determination of actual, rather than alleged,
emissions reductions corresponding to any particular control strategy. For
instance, control strategies may cause synergistic reductions or may negate
each other. In addition, control strategies may be credited with either
overstated or understated emission reductions. The former problem, phantom
decreases in emissions, seems to occur more often in practice.

Therefore, any cost analysis which is not fortified by detailed
engineering cost evaluation and experience is subject to significant error.
This problem is further ex cerbated in that estimation errors are generally

18
not randomly distributed.

Given the background of controversy and substantial uncertainty, the
objective here is to provide a range of cost estimates to be used for com-
parison to the benefit calculations presented in the previous section. The
cost estimates contained herein were derived from a variety of sources,
primarily from Environmental Protection Agency (EPA) publications and auto-
mobile manufacturer statements. All costs are stated in 1978 dollars per ton
removed.

Due to the automobile’s substantial role in the South Coast Air Basin air
quality problem (see Tables 1 and 2) mobile source control must be the central -

element in any attainment plan. However, control cost figures associated with
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any level of control vary widely, dependent upon one’s assumptions regarding
initial capital cost, size of any mile per gallon benefit or penalty, unleaded
fuel cost differential, etc. In order to offset some of the variation we
standardized the cost estimates by assuming the following: (1) control cost
devices have a lifetime of 50,000 miles; (2) the cost of gasoline is
$1.00/gallon; (3) the unleaded fuel cost differential “s $.04/gallon [Lloyd,

Ii
(1979)]; (4) baselinemileage is 20 miles per gallon ; (5) maintenance
savings are $25 over the life of the emissions system [Lloyd, (1979)]; (6)
evaporative emissions and altitude control add $15 to initial capital costs;
and (7) the capital costs of going from totally uncontrolled vehicles to the
1977-79 standard of 1.5/15/2.0 of HC/CO/NO is $140 [Lloyd, (1979)], where
uncontrolled vehicles correspond f~ the 1973 federal standard (Constant Volume
Sampling-72 test) of 3.4/39/3.0. Further, we examined the total cost of
moving from this 1973 level of control to the 1981 federal standard of
.41/3.4/1.0.

Even with this degree of standardization there exists significant vari-
ation in mobile control costs dependent upon the source of information, the
assumed fuel mileage savings or penalty and the assumed allocation of total
costs to hydrocarbon, carbon monoxide and nitrogen oxide control. Tables 5,
6, and 7 present this range of cost estimates for light duty vehicles.

Each of the tables uses the same references to generate total control
costs. The General Motors estimate is based upon initial capital costs of
$460 and a three percent mileage penalty, whereas the EPA estimate is $415 for
initial capital cost with a seven percent mileage improvement. The American
Motors and manufacturer average sticker price estimates for first cost are
$557 and $475 respectively. These are combined with the General Motors and
EPA mileage penalty or saving estimates to obtain two of the estimates
presented. The third estimate assumes an eight percent mileage penalty
[California Air Resources Board, (1979)]. Cost effectiveness is then
determined by dividing the total cost per car by the emission reduction over
50,000 miles.

In Table 5 the lower bound figure of the range for each
cost-effectiveness estimate is based upon an allocation of 30.4 percent of the
total control cost to hydrocarbon measures [Schwing, et al., (1980)]. The
upper bound figures assume one-third of total cost is allocated to hydrocarbon
control. In Table 7, the upper bound figures for each estimate correspond to
an allocation of .33 and .362 to nitrogen oxides control [Schwing,  et al. ,
(1980)]. The figures in Table 6 assume one-third of total cost is allocated
to carbon monoxide control.

As is illustrated in the tables, the cost effectiveness range ($/ton
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Table 5.5

Hydrocarbon Cost Estimates for Mobile Source Control

($1978/ton removed)

C o n t r o l  C a t e g o r y  ‘“ ‘ cost Reference

Light Duty Vehicles $

Heavy Duty Vehicles

Inspection and Maintenance

160-

620-

880-

1340-

1610-

257 General Motors (GM)l

680 EPA2

965 American Motors3, EPA
Mileage -

470 American Motors, GM
Mi 1 cage

770 American Motors, Eight

730- 800

1190-1310

1460-1600

Percent Mileage
Penalty

Manufacturer Average 4,
EPA Mileage

Manufacturer Average,
GM Mileage

Manufacturer Average,
Eight Percent
Mileage Penalty

3400-3450 AQMP5

3720-3770 EPA

1410-1590 AQMP

R e f e r e n c e s :  1 . General Motors Corporation, “Estimated Effects of Exhaust
Emission Standards on Potential Hardware, Fuel Economy,
Fuel Consumption and Additional First Cost to Consumer,”
May 1979.

2. Lloyd, Kenneth H., Cost and Economic Input Assessment for
Al ternat ive  Levels of the National Ambient Air Quality
Standard for Ozone, USEPA, February 1979.
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3. American Motors Corporation Cost Information contained in
“Automobile Emission Control - The Development, Status,
Trends and Outlook as of December 1976,” USEPA, April,
1977.

4. California Air Resources Board, “Status Report on the Need
for Land Feasibil i ty of a 0.4 NOX s tandard  for  L ight  Duty
Motor Vehicles, December 1979.

5. Southern California Association of Governments and South
Coast Air Quality Management District,  Draft Air Quality
Management Plan, January, 1979.
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Table 5.6

Carbon Monoxide Cost Estimates for Mobile Source Control

($1978/ton removed)

. . .
Control Category cost Reference

Light Duty Vehicles 160 General Motors (GM)’

85 EPA*

120 American Motors3, EPA
Mi 1 cage

184 American Motors, GM
Mi leage

2 2 0 American Motors, Eight
Percent Mileage
Penalty

100

163

200

Manufacturer Average 4,
EPA Mileage

Manufacturer Average,
GM Mileage

Manufacturer Average,
Eight Percent
Mileage Penalty

Heavy Duty Vehicles 290-310 AQMP5

320-340 EPA

Inspection and Maintenance 175-195 AQMP (Revised)

R e f e r e n c e s :  1 . General Motors Corporation, “Estimated Effects of Exhaust
Emission Standards on Potential Hardware, Fuel Economy,
Fuel Consumption and Additional First Cost to Consumer,”
May 1979.

2 . Lloyd, Kenneth H., Cost and Economic Input Assessment for
Alternative Levels of the National Ambient Air Quality
Standard for Ozone, USEPA, February 1979.
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3. American Motors Corporation Cost Information contained in
“Automobile Emission Control - The Development, Status,
Trends and Outlook as of December 1976,” USEPA, April,
1977.

4. California Air Resources Board, “Status Report on the Need
for Land Feasibil i ty of a 0.4 NOX s tandard  for  L ight  Duty
?lotbr Vehicles, December 1979.

5. Southern California Association of Governments and South
Coast Air Quality Management District,  Draft Air Quality
Management Plan, January, 1979.
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Table 5.7

Oxides of Nitrogen Cost Estimates for Mobile Source Control

($1978/ton removed)

. . .

Control Category cost Reference

Light Duty Vehicles 1910-2070

1010-1100

1440-1570

2200-2390

2640-2870

1195-1300

1950-2120

2390-2600

Heavy Duty Vehicles 2020-2120

2210-2320

General Motors (GM)’

EPA2

American Motors3, EPA
Mi leage

American Motors, GM
Mileage

American Motors, Eight
Percent Mileage
Pena 1 ty

Manufacturer Average 4,
EPA Mileage

Manufacturer Average,
GM

Manufacturer Average,
Eight Percent
Mileage Penalty

AQMP5

EPA

Inspection and Maintenance 1310-1600 AQMP

R e f e r e n c e s :  1 . General Motors Corporation, “Estimated Effects of Exhaust
Emission Standards on Potential Hardware, Fuel Economy,
Fuel Consumption and Additional First Cost to Consumer,”
May 1979.
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2. Lloyd, Kenneth H., Cost and Economic Input Assessment for
Alternative Levels of the National Ambient Air Quality
Standard for Ozone, USEPA, February 1979.

3. American Motors Corporation Cost Information contained in
“Automobile Emission Control - The Development, Status,
Trends and Outlook as of December 1976,” USEPA, April,
‘1977.

4. California Air Resources Board, “Status Report on the Need
for Land Feasibil i ty of a 0.4 NOX s tandard  for  L ight  Duty
Motor Vehicles, December 1979.

5. Southern California Association of Governments and South
Coast Air Quality Management District,  Draft Air Quality
Management Plan, January, 1979.
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removed) for hydrocarbon control is approximately $600 - $1800 while carbon
monoxide control is $80-$200 and NO control is $1000-$2600. The predominant
source of this wide variation is thz assumption concerning fuel use over the
50,000 mile life of the control device.

The cost effectiveness of heavy duty vehicle emissions control were
calculated in a manner similar to that described above for light duty
vehicles. In this instance total cost per vehicle figures published in the
Air Quality Management Plan (January, 1979) and an EPA report [Lloyd, (1979)],
were utilized. The former reference was also the source for the corresponding
emissions reductions. Total vehicle cost includes all capital costs and costs
for the associated inspection and maintenance program. Cost effectiveness
estimates for heavy duty vehicles are presented in Tables 5, 6, and 7 for the
pollutants HC, CO, NOX, respectively. Again, the range of costs is dependent
upon the allocation method used; either one-third to each pollutant or .329 to
HC , .354 to CO and .317 to NO~, [Schwing, et al., (1980)].

The final component of on-road mobile source control is the light duty
vehicle inspection and maintenance program. The importance of this program
cannot be understated for without it, auto owners have no incentive to
maintain the performance of their emission control systems. Furthermore, the
lack of performance invalidates the cost-effectiveness figures presented above
which assume that the control devices work as designed. For example, if
control mechanisms on light duty vehicles deteriorate linearly over 50,000
miles from their designed operations levels then the cost effectiveness of
such mechanisms doubles. This situation is worsened if systems deteriorate
more quickly or are tampered with. The success of any control system is
therefore inherently dependent on an effective inspection and maintenance
program.

The annual cost of the program is the sum of the inspection fee
multiplied by number of automobiles plus the cost of repairing failed auto-
mobiles. The air quality management plan assumes a $9 inspection fee, and a
35 percent failure rate with associated $23 repair cost.

‘0weveri3r;:y:ost
evidence shows that the failure rate may be closer to 42 percent.
calculations contained in Tables 5, 6, and 7 assume this latter figure with a
corresponding repaix cost range of $20 - $25. Emissions reductions associated
with the inspection and maintenance program were obtained from the Air Quality
Management Plan (January, 1979). Allocation of total cost among the
pollutants was based on either one-third to each pollutant or the proportions
used for light duty vehicles [Schwing,  et al., (1980)].

Any control strategy devised to meet the ambient standard would use a
variety of control options, each with an associated cost effectiveness.
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Therefore, the cost effectiveness figures for light duty vehicles, heavy duty
vehicles and the inspection and maintenance program form the basis for the
derivation of aggregate cost estimates to achieve the federal ambient
standards.

It is not the objective of this exercise to cost out a specific air
quality improvement program, but rather to develop a range of costs for
comparison to benefits. This can be accomplished by an examination of an
upper and lower bound for costs. In either case, a weighted average of light
and heavy duty vehicle costs and the inspection and maintenance costs is
utilized, where light duty vehicle costs are the dominant component.

As was stated in the previous section on-road mobile controls account for
approximately 85 percent of the required emissions reductions. This
translates into 728 tons/day of HC, 6023 tons/day of CO and 392 tons/day of
NO . In order to estimate total control costs these emissions reductions are
fu~ther apportioned into the light duty vehicle, heavy duty vehicle and
inspection and maintenance categories. Reductions associated with inspection
and maintenance are determined directly from the Air Quality Management Plan
(January, 1979). The shares corresponding to light duty vehicles and heavy
duty vehicles are determined by their relative shares in annual vehicle sales.
Therefore, three percent of the required reductions minus the effect of
inspection and maintenance are allocated to heavy duty vehicles with the
remainder to light duty vehicles.

A lower bound total cost estimate would correspond to the EPA capital
cost, a seven percent mileage improvement and one-third allocation to each
pollutant. In this case total cleanup costs for on-road mobile controls would
be approximately .61 billion dollars. Conversely, an upper bound estimate
would be 1.32 billion dollars. This latter estimate would utilize American
Motors capital costs, an eight percent mileage penalty and one-third
allocation to each pollutant. Thus, the total cost of using on-road mobile
controls to achieve the above stated pollution reductions range from approx-
imately .61 to 1.32 billion dollars. A best estimate (manufacturer average
capital cost, three percent mileage penalty) would be 1.02 billion dollars.

Before proceeding to the concluding section it should be re-emphasized
that these cost figures are subject to a great deal of uncertainty. There
could be significant error in the estimates. It should also be noted that, as
in the case of the benefit estimate, this is an essentially static analysis.
In a dynamic context, one would expect the costs to increase significantly as
a result of larger emission reductions necessitated by expanded population and
economic activity. The costs would likely increase non-linearly as more
costly control measures were employed to achieve the required reductions.
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This latter aspect exists because
already been made.

COMPARISON OF BENEFITS TO COSTS -

many of the easy technological fixes have

CONCLUDING REMARKS

There has been much discussion of the desirability of achieving the
federal air qualiLy standards. This study constitutes an attempt to evaluate
a portion of these standards in the South Coast Air Basin of Southern
California from an economic or benefit-cost perspective. Based upon modeling
contained in the Air Quality Management Plan, achievement of the ambient
standards in 1979 would require emission reductions of the 974 tons/day, 5963
tons/day and 503 tons/day of reactive hydrocarbons, carbon monoxide and
nitrogen oxides. It is the share of these emission reductions attributable to
on-road mobile source control which was evaluated using benefit-cost analysis.

Benefits were calculated through an examination of housing value dif-
ferentials attributed to air quality. Achieving the ambient air quality
standards was consistent with improving the “fair” and “poor” air quality
regions to the “good” category as specified in the previous chapter. In
effect, this constituted an approximate 30 percent improvement in the fair
areas and a 45 percent improvement in the poor air quality areas. Correspond-
ing benefits were estimated to fall between 1.6 and 3.0 billion dollars per
year, independent of any benefits accruing to agriculture and ecosystems. The
share of these benefits associated with on-road “mobile source control was
estimated to be 1.36-2.55 billion dollars.

Cost estimates were developed from existing data sources, primarily from
manufacturer statements and government publications. Given the variation in
control cost options and the uncertain nature of the cost figures, it was
found that on-road mobile source control consistent with a policy to achieve
the ambient standards in 1979 would involve a cost of between ,61 and 1.32
billion dollars, with a best estimate of 1.02 billion dollars.

It seems then, that the benefits from on-road mobile emissions reductions
consistent with satisfying the ambient standards are of the same order of
magnitude as the cost estimates. This implies that the ambient air quality
standards are not without some economic justification, though the uncertainty
concerning the benefit and cost calculations prevents one from accepting the
controls outright. However, on-road mobile controls consistent with the air
quality standards cannot be rejected as economically inefficient either.

Therefore, although the mid-range benefit estimate exceeds the mid-range
cost estimate, the situation is best characterized as highly uncertain.
Further, the static analysis performed herein does not answer significant
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questions concerning the behavior of the benefit and cost functions over time.
Stronger statements could only be made in the context of a much more detailed
analysis supported by a solid cost data base.

. . .

1 1 0



Appendix 1
Air Quality Modelling in the

. . .

Air Quality Management Plan

The principal modeling procedure utilized in the Air Quality Management
Plan is proportional rollback. This method is based on the assumption that
atmospheric concentrations of the contaminant are in direct proportion to
emissions. Mathematically, the proportional rollback method can be expressed
as:

Baseline Emissions Baseline Air Qualitys
Emissions Objective Air Quality Objective .

The emissions level consistent with the federal standards (objective) can then
be determined with knowledge of the other three components. The procedure was
employed to calculate the required reductions of carbon monoxide. A somewhat
more sophisticated rollback method was used for total suspended particulate
[Southern California Association of Governments and South Coast Air Quality
Management District, (1979)]. The rollback method provides an accurate
assessment of emissions reductions required in cases where the contaminant is
emitted uniformly over the region and there are only limited atmospheric
reactions among pollutants. Accuracy is severely curtailed when these
conditions are not satisfied. In the South Coast Air Basin, where pollutants
are emitted nonuniformly with nonuniform distribution and photochemical
oxidants are the primary problem, the linear rollback method is of limited
usefulness. Therefore, ozone production was modeled in the AQMP using the
Empirical Kinetic Modeling Approach (EKMA).

The EKMA Method is a mathematical model which generates a set of atmo-
spheric ozone concentration isopleths as a function of early morning concen-
trations of hydrocarbons and nitrogen oxides [Mikolowsky, et al, (1974) and
Southern California Association of Governments and South Coast Air Quality
Management District, (1979)]. Figure Al illustrates the inherent nature of
the ozone isopleths (curves of equal concentration). The curvature of the
isopleths indicates that a control strategy which reduced only one of the
pollutants -- reactive hydrocarbons or nitrogen oxides -- could conceivably
worsen rather than improve the situation. The proper control strategy would,
therefore, require that both pollutants be reduced simultaneously.
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Note, for example, that the average daily maximum concentration of NO in
“good” air quality communities is .069 ppm where the ambient standard2

required an average concentration of .05 ppm.

In addition to the difficulty in obtaining accurate cost data on
stationary and institutional controls the decision to focus on on-road
mobile source control was a function of its relative share of both
existing pollution and the future clean-up as envisioned in the
Air Quality Management Plan (January, 1979).

The area description follows closely the Air Quality Management Plan
(January, 1979).

A brief discussion of air quality modelling  is contained in the appendix
to this section.

Air Quality Management Plan (January, 1979).

The share of the reduction in CO attributable to on-road mobile sources
estimated to be in excess of 1.0 indicated an increase in CO emissions
from off-road mobile sources and neither an improvement nor deterioration
from stationary sources.

See Harrison and Rubinfeld  (1978) for a detailed description of the
methodology.

Although the static approach is somewhat unrealistic it was chosen since
there was insufficient data on costs and the dynamics of pollution
emissions, population, etc. to support analyzing a particular attainment
plan.

Blowby is the collection of combustion gases that slip past the piston
rings from the combustion chamber into the crankcase. These fumes were
vented to the atmosphere to prevent contamination and thinning of
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crankcase oil [Mills, et al. (1978) and Wakefield (1980)].

10 Personal Communication with Dr. Richard Perrirte,  UCLA.

11 The 20 miles per gallon assumption corresponds to the CAFE mileage
standards for’1980 on a sales weighed basis. Further, these standards
are front loaded up to 27.5 MPG in 1985. Thus, using 20 MPG overstates
the lifetime fuel cost differential and the mileage penalty.

12 Even though the 1973 federal standard was chosen as the level of un-
controlled emissions, the 1973 levels represent approximately 61%, 55%
and 25% control over truely uncontrolled emissions of HC, CO and NO
respectively. The 1973 level was chosen to be conservative (overstate)
in the cost effectiveness of emission control devices.

13 Personal communication with Dr. Richard Perrine, UCLA.
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., CHAPTER 6

EFFECTS OF AIR POLLUTION AND OTHER ENVIRONMENTAL
VARIABLES ON OFFERED WAGES

INTRODUCTION

Much of the recent interest in the econometric estimation of labor supply
models using individual or micro data has been stimulated by important policy
questions such as the role of women in the labor force and the advisability of
negative income tax programs. Frequently, these models have consisted of two
interrelated equations that explain: (1) how an individual’s offered wage
rate is determined and (2) how this wage rate together with other factors
affects the amount of time an individual chooses to work. Effects on wages
and hours in response to changes in exogenous variables including the actual
negative income tax rate faced or the number of pre-school children in the
home can then be estimated through this framework. This general approach can
be easily extended to make parallel estimates of the labor market effects of
changes in environmental amenity levels. Such extensions would have obvious
policy relevance in that the extent of reduced productivity due, for example,
to air pollution could then be assessed.

The purpose of this report is to construct some exploratory estimates of
the effect of changes in air pollution levels on offered wage rates.
Repercussions on the work time choice are not explicitly considered.
Specifically, hedonic equations are estimated that allow for an individual’s
offered wage rate to be determined by his own labor supply characteristics
together with measures of amenity levels in the community in which he lives.
In this type of analysis, supply characteristic’s such as education, work
experience, and health status ~re frequently used exclusively to explain the
variation in the offered wage. This specification carries the restrictive
implicit assumption that the demand schedule for classes of individuals
possessing identical values of these independent variables is infinitely
elastic. That is, observed differences in individual wage rates are
attributed only to supply characteristics. In order to circumvent this
limitation, Nakamura, Nakamura, and Cullen (NNK) (1979), have suggested the
inclusion of work environment variables such as the local unemployment rate
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and a local job opportunities index as additional regressors. These work
environment variables, obviously) capture the fact that local labor demand
conditions may influence offered wages after adjusting for the effect of
individual labor supply characteristics. However, as recognized by other
investigators~  variables measuring working conditions and job related hazards
(Lucas 1977, Hamermesh 1977, Thaler and Rosen 1975, Viscusi 1978, and Brown
1980), social infrastructure (Nordhaus  and Tobin 1972, and Meyer and Leone
1977), as well as environmental amenities (Hoch 1977, Rosen 1979, and Cropper
1979) can also play an important role, in explaining the behavior of wage
rates. For example, in the case of environmental amenities, ‘if a community is
located in an area that is subject to extreme temperatures or unusually high
air pollution levels, employers may find it necessary to pay their workers a
premium in order to induce them to remain there.

SPECIFICATION AND THE DATA USED IN ESTIMATION

The general form of the offered wage rate equation to be considered here
is then

WAGE = f(P,W) (1)

where WAGE denotes the offered wage rate paid, P denotes a vector of personal
labor supply characteristics, and W denotes a vector of work environment
characteristics. Moreover, the vector P is assumed to contain measures of:
(1) whether the individual is a union member (uNON), to an individual working
400 hours or less had that individual have chosen to work, for example, full
time. An excellent survey of the sample selection problem as it relates
hedonic wage and labor supply estimates is contained in the recent paper by
Wales and Woodland (1980).

The
shown in

Ln(RWGH)

exact specification of the wage equation used in the present study is
Equation (2).

= f(UNON, HVET, FMSZ, HLTH, EDC2, EDC3, TOJ2, WARM,
JACR, COLD, HUMD, SOXM, TSPM, NOXM, P**2, SOXM**2, (2)
N**2, CONSTANT).

In Equation (2), the function f is linear in the parameters and RWGH denotes
the real wage. Also , note that the squares of the levels of the three
pollution variables are included as regressors in order to allow for possible
nonlinearities  in the way that air pollution affects the real wage. This
equation was estimated by ordinary least squares for both the complete sample
of 1395 observations and for selected partitions of this sample constructed on
the basis of age (AGEH), race (RACE), sex (SEXH), and occupation
particular, there were three age categories (1729, 3049, 5069),
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categories, (white, nonwhite), two sex categories (male, female), and two
occupation categories (white collar, blue collar). The total number of
possible partitioned regressions was therefore 24(3x2x2x2). However, not all
of these possible regressions were actually estimated because f r certain

tpartitions the number of available observations was insufficient.

Before turning to a discussion of the results of these regressions, two
additional points should be made regarding the pollution variables. First, as
previously indicated, observations on these variables were not available for
each of the 669 counties of residence for families (2) whether the individual
is a veteran (HVET), (3) the size of the individual’s family (FMSZ), (4) the
individual’s health status (HLTH), (5) the individual’s prior educational
achievement (EDC2,EDC3),  a~d (6) the length of time the individual has spent
on his present job (TOJ2). Next, W contains measures of: (1) mean January
and July temperature in the individual’s area of residence (COLD, WARM), (2)
the job accident rate in the industry where the individual works (JACR), (3)
average rainfall in the individual’s area of residence, and (4) levels of the
air pollutants sulfur dioxide (SOXM),  total suspended particulate (TSPM),  and
nitrogen dioxide (NOXM).

Unfortunately, this formulation may be subject to a specification error
of unknown severity resulting from the omission of relevant explanatory
variables. While the personal labor supply characteristics are fairly
standard for analyses of this type, biased coefficient estimates may result
from the exclusion of still other relevant work environment variables. That
is, climate, job hazards, and air pollution do not exhaust the list of
potential amenities that may affect the offered wage rate. (For good surveys
of the role other variables may play, see Brown (1980) and Rosen (1977).)
Proximity to recreational opportunities and the amount of local social
infrastructure are but two examples of work environment variables that could
in principle be measured and included. Also, the more labor market specific
variables used by NNK have been excluded from consideration here. Due to
budgetary and time constraints, no efforts were made to collect observations
on these potentially relevant variables. The variables used to explain vari-
ations in the offered wage rate were simply chosen from those that had been
collected previously by the Resource and Environmental Economics Laboratory at
the University of Wyoming for use on other research projects.

More specifically, the basic data set used to estimate the wage equation
consisted of observations drawn from the Panel Study of Income Dynamics (PSID)
for the 1971 inteniew year. In total, there are observations for household
heads on variables that can be used to construct a measure of their real
wages, together with measures of the variables in the P vector defined
previously in Equation (l). The exact definitions of all of these variables
as well as their numerical codes used on the PSID tapes are provided in Table

119



1 entitled Variable Definitions. Table 1 also gives definitions of the vari-
ables appearing in the vector W. For the 1971 interview year, the PSID data
gives the household’s state and county of residence and two digit SIC industry
of employment. Consequently, data were collected on COLD, WARM, HUMD, SOX31,
NOXM, and TSPM by county and then were matched to the individual observations
obtained from the PSID.

. . .

For the variables COLD, WARM, AND HUMD, this matching process was quite
simple and requires no further elaboration. However, the matching of the air
pollution variables to counties should be explained in greater detail. The
matching process was begun by listing each of the 669 counties in the 50
states where PSID families lived during 1970. Outdoor air pollution monitoring
data existed for at least one of the three measures SOXM, NOXM, AND TSPM for
247 of these counties. In cases, where data from only one monitoring station
in the county were available, those data were automatically assigned to all
PSID families residing there. On the other hand, where data were available
from multiple monitoring stations in the county, data from the single station
that had operated for the greatest portion of the nine year period 19671975
were selected. The monitoring stations selected using this rule tended to be
at central city locations. Finally, since no pollution data were available
for 422 counties (699247), values were assigned to the air quality variables
for these counties using one of two procedures for handling missing
observations that will be described momentarily.

For the purpose of estimating the hedonic wage equation, the data set was
reduced from the roughly 3300 possible observations to 1395 observations after
excluding all housholds where: (1) any family member received transfer
income, (2) the head’s annual hours of working for money was less than 400
hours. The first of these exclusions was made in order to reduce the
statistical problem created by families that may be facing nonconvex budget
constraints while the second was made in order to eliminate casual workers,
who may be out of equilibrium because their asking wage may exceed offered
wage, from the sample. Curiously, after making these two exclusions, there
were no families remaining in the sample where the head: (1) received income
from ~ertime, bonuses or commissions, or (2) was self employed.

The restricted sample used here is quite similar to that used by Wales
and Woodland (1976, 1977, 1978) in their numerous papers on the empirical
determinants of labor supply using PSID data. However, by excluding household
heads who worked less than 400 hours, the estimates reported in the next
section are subject to sample selection bias, a problem dicussed at length by
Heckman (1976, 1979). Essentially, Heckman contends that the estimates
resulting from such a sample do not apply to the general population. Instead,
they apply only to those in the population having the same characteristics of
those in the sample. In short, the estimates say little about the wage rate
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DISPLAY 1
VARIABLE DEFINITIONS*

A. PECUNIARY VARIABLES

HOURS = (1839) (head’s annual hours working for money)
AWGH = (1897) (head’s money income from labor)
WAGH = O if HOURS = O, otherwise WAGH = AWGH/HOURS
BDAL = Index of comparative living costs for a four person family for various

areas as published by Bureau of Labor Statistics in the Spring 1967
issue of Three Standards of Living for an Urban Family of Four Persons.
The lowest living standard was used. This index is published for the
39 largest SMSAS and by region for other SMSAS.

RWGH = VAGH/BDAL

B. SUPPLY CHARACTERISTIC VARIABLES

HLTH = 1 if (2121) = 1 or 3 or if (2122) = 1 or 3 or both.
= O otherwise (If HLTH = 1, there are limitations on amount

or kind of work that the head can do)
UNON = 1 if (2145) = 1, zero otherwise (Head belongs to a labor union

if UNON = 1)
EDC1 = 1 if (2197) = 0, 2, 3, or 9 zero otherwise (If EDC1 = 1, head”

has completed grades
08 or has trouble
reading.)

EDC2 = 1 if (2197) = 3, 4, or 5 zero otherwise (If EDC2 = 1, head has
completed grades 912 +
possible nonacademic
training.)

EDC3 = 1 if (2197) = 6, 7, or 8 zero otherwise (If EDC3 = 1, head has
completed at least some
college.)

HVET = 1 if (2199) = 1 zero otherwise (If HVET = 1, head is a veteran.)
FMsz = (1868) (Family size in 1971)
TOJI = 1 if (1987) = 1, 2, or 3 zero otherwise (head’s length of time

on present job is 3 years
or less if TOJI

TOJ2 = 1 if (1987)
= 1)

= 4, 5, or 6 zero otherwise (head’s length of time
on present job is longer
than 3 years if TOJ2 = 1)
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Variable Definitions (Continued)

c. WORK ENVIRONMENT VARIABLES

WARM =

COLD =

JACR =

SOXM =

~m =

NOXM =

TSPM =

SOXM**
p**2 =
N**2 =

Mean annual July temperature in the county of residence in 1970 in
F“ X 10.0. These data are from the U.S. Bureau of Census, County and
City Data.Book, 1971.
Mean annual January temperature in the county of residence in 1970 in
F“ X 10.0. These data are from U.S. Bureau of Census, County and City
Data Book, 1971.
Number of disabling work injuries in 1970 for each million employee
hours worked by 2 and 3 digit SIC code. The data were obtained from
Table 163 of Bureau of Labor Statistics, Handbook of Labor Statistics,
1973, Bulletin 1735, U.S. Department of Labor, Washington, DC., USGPO,
1972.
Annual 24 hour geometric mean sulfur dioxide micrograms per cubic meter
as measured by the Gas Bubbler Pararosaniline Sulfuric Acid Method.
These data were obtained from the annual USEPA publication, Air Quality
Data Annual Statistics, and refer to a monitoring station in the
county of residence for 1970.
Mean annual precipitation in inches x 100.0. These data are taken
from the U.S. Bureau of Census, County and City Data Book, 1971.
Annual 24 hour geometric mean nitrogen dioxide in micrograms per cubic
meter as measured by the Salzman Method. These data were obtained from
the annual USEPA publication, Air Quality Data Annual Statistics and
refer to a monitoring station in the county for residence for 1975.
Annual 24 hour geometric mean total suspended particulate in micrograms
per cubic meter as measured by the HiVol Gravimetric Method. These data
were obtained from the annual USEPA publication, Air Quality Data
Annual Statistics and refer to a monitoring station in the county for
residence for 1975.
= SOXM2
TSPM2
NOXM2

D. PARTITIONING VARIABLES

AGE = (1972) (head’s age in years)
OCCP = 1 if (1984) = 1, 2, 4, or 5 otherwise = O (head is a white collar

worker
a blue
OCCP =

SEX = 1 if (1943) = 1 otherwise = O (head is male if SEX
RACE = 1 if (2202) = 1 zero otherwise (If RACE = 1, head

if OCCP = 1 and,
collar worker if
o)
= 1)
is white.)
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Variable Definitions (Continued)

E. AUXILIARY VARIABLES

REGI = 1 if (2284) = 1 otherwise = O (head lives in a northeastern
state if REG1 = 1)

REG2 = 1 if (.2284) = 2 otherwise = O (head lives in a northcentral
state if REG2 = 1)

REG3 = 1 if (2284) = 3 otherwise = O (head lives in a southern
state if REG3 =’1)

REG4 = 1 if (2284) = 4 otherwise = O (head lives in a western
state if REG4 = 1)

PRX1 = 1 if (2210) = 1 zero otherwise (If PRX1 = 1, head’s dwelling
unit is within 5 miles of center
of city of 50,000 or more.)

PRX2 = 1 if (2210) = 2 zero othemise (If PRX2 = 1, head’s dwelling
unit is between 514.9 miles of
city center.)

PRX3 = 1 if (2210) = 3 zero otherwise (If PRX3 = 1, head’s dwelling
unit is between 1529.9 miles of
city center.)

PRX4 “ 1 if (2210) = 4 zero otherwise (If PRX4 = 1, head’s dwelling
unit is between 3049.9 miles
from city center.)

PRX5 = 1 if (2210) = 5 zero otherwise (If Pl?X5 = 1, head’s dwelling
is greater than 50 miles from
city center.)

AVGT = Average annual temperature for counties in degrees centigrade for
1970.

*variable  numbers from the pSID tape code book are given for the data collected

from the PSID interviews. For the remaining data, no variable  numbers are given.
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that would be paid in. the PSID data set. In these cases, the missing
observations were either replaced by the means of the observed values for the
pollutants or estimated using a technique suggested by Dagenais (1973). A
brief discussion of the replacement with means method is outlined in Maddala
(1977). The Dagenais procedure involves running a regression of each
pollution variable on: (1) all remaining (nonpollution) explanatory variables
in Equation (2), and. (2) relevant auxiliary variables that may be selected
and then pr dieting the values of the missing obsemations from these

7
regressions. Predicting equations for each of the three pollutants are shown
in Tables 21, 22, and 23. As shown in these tables, the auxiliary variables
used are dummies relating to the distance of a family’s residence from a city
center (PRX1, PRX2, PRX3, PRX4, PRX5), the region of the country where the
family lives (REG1, REG2, REG3, REG4) and a measure of the averag~ temperature
in the family’s county of residence (AVGT). Unfortunately, the R ‘s for these
regressions ranged from .33 for NOXM to .37 for TSPM to .54 for SOXM
indicating that their forecasting power may not be particularly high. k
alternative to either the replacement with means or the Dagenais’ procedures
would be to restrict the sample to only those observations where actual
measurements were available on all variables, including the pollutants. Even
though this restriction reduces the available data set to 112 observation , it

~
was employed in the estimation of one equation for illustrative purposes.

A further problem with the SOXM data is that they were obtained using the
Gas Bubbler PararosanilineSulfuric  Acid Method. This method has been shown to
result in estimates of SO levels that are biased downward. Mathtech,
however, has supplied a co~version  equation that corrects for the bias in the
original data. That conversion equation is given below.

C S O X  =  1 0 . 6 2 5  +  1.97269(SOXM) - O . 1 O 8 9 1 [ S O X M  ●  AVGT] (3)

where CSOX is the converted sulfur dioxide measure. In estimat~g Equation
(2), CSOX was substituted in place of SOXM, and its square, CSOX = S**2 was
used in place of sOXM**2.

EMPIRICAL RESULTS

As previously indicated, three basic versions of Equation (2) were
estimated where: (1) the restricted sample of 112 observations was employed,
(2) the Dagenais  procedure was used to construct the pollutants, and (3) the
replacement with means procedure was used. All regressions were estimated by
OLS.

Table 2 reports the results from estimation with the restricted data set.
In this equation, all of the supply characteristic variables are significant
at the 1 percent level except HLTH and TOJ2. However, the work environment
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variables are all insignificant at conventional levels. In fact, the t-
statistics on the pollution variables in no case exceed 1.1 in absolute value,
Using the replacement with means procedure, the quality of the estimated
coefficients improves considerably. These results are shown in Table 3. With
the increase in the number of observations employed from 112 to 1395, all of
the supply characteristic variables turn out to be significant at the 1
percent level and.haue the correct sign. Differences in data sets and in
equation specifications make it difficult to directly compare these results to
those obtained in previous studies. Nevertheless, their general pattern of
the estimates presented in Table 3 corresponds closely to those obtained by
other investigators.

The estimates of the coefficients on the work environment variables also
tend to be more highly significant and are more plausibly signed than in the
case where the restricted sample of 112 observations is used. Also, they are
generally consistent with the findings of other investigators. As indicated
in Table 3, the variables WARM and COLD enter with a significant negative
sign. In the case of WARM, the negative sign indicates that the individuals
in the sample are willing to accept a lower wage in order to live in an area
with hot summers. That same qualitative result has been obtained by Rosen
(1979) using individual data from the Current Population Survey together with
SMSA specific attributes and by Hoch (1977) and Cropper (1979) using aggregate
SMSA data exclusively. On the other hand, the negative sign on COLD suggests
that individuals must be paid a premium to live in areas where mean January
temperatures are low and winter weather is probably severe. Of the three
studies just mentioned, only the one by Hoch employs a similar variable. The
coefficient on “winter temperature” is positive in his regressions on Samples
I and II and negative in his regression on Sample III (see Hoch’s Table 5, p.
39) .

Next, the coefficient on JACR is positive and significant supporting
Viscusi’s  (1978) result that employers must pay a premium in order to induce
workers to accept jobs where the probability of accidents is higher. Also ,
this result is consistent with the findings of other investigators who
measured other dimensions of working conditions. For example, Lucas (1977),
Hammermesh (1977), and Thaler and Rosen (1975) consider the effect of wages of
variables including: (1) a generalized measure of poor working conditions,
(2) the presence of hazardous materials and/or equipment, and (3) deaths per
1,000 man years of work. All three of
positively and significantly related to
used in the present study.

With respect to the HUMD variable,

these variables have been found to be
similar dependent variables to the one

Table 3 shows that its coefficient is
negative but ‘statistically insignificant at the 5 percent level. Although
this negative sign is intuitively implausible, that same result was obtained
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in Hoch’s regressions on each of his three samples. Rosen, however, obtains
the more appealing result that increases in precipitation are positively
associated with real wages. The precipitation variable that Rosen uses, which
is defined as number of rainy days, was always positive and usually
statistically significant in each of 29 different equation specifications (see
Rosen’s Table 3.3, p. 94).

. ,

The pollution variables do not perform quite as well as the other
variables in the equation. Both the linear and quadratic terms for CSOX and
for NOXM are statistically insignificant at the 5 percent level. The result
for CSOX conflicts with those of Cropper (1979). In her regression for all
earners and in four of her eight occupation specific regressions, a measure of
S02 turned out to be positively and significantly related to median earnings
of males who were employed full time. However, in the Cropper study S02 was
the only pollution measure used and, therefore, this variable could also be
proxying the effects of other pollutants. Rosen’s results show that this
conjecture is a real possibility. His SO measure occasionally has the right
sign, but is more frequently negative an2 significant. Particulate, on the
other hand, exhibit superior performance in Rosen’s equation. This variable
was positive in each of the 32 cases where it was used and had a tstatistic
exceeding 2 in 27 cases (again, see Rosen’s Table 3.3, p.94). The results on
the TSPM variable used in the present study compares favorably with the
findings of Rosen. As Table 3 shows, the linear TSPM term has a positive and
statistically significant coefficient and the quadratic TSPM term has a
smaller negative but significant coefficient.

The elasticity of the real wage with respect to a change in TSPM can be
computed from the estimates presented in Table 3 according to

~RWGH TSPM
‘ T S P M  = —3TSPM RWGH

= a“TSPM + 2B’’TSPM2 ( 4 )

where e denotes the elasticity, a denotes the estimated coefficient on the
linear ;~!!! and B denotes the coefficient on the quadratic term. Evaluated at
the mean of the obsened values for TSPM, e = 0.0367, evaluated at the

TS M
national primary standard, e s evaluated at the national
secondary standard, e

~SPM
= .~~fl.= ~~~2;~a?of the actually observed values

of TSPM = 96.56 and t e national primary and secondary standards for TSPM are
shown in Table 24. The comparatively high value for the mean of TSPM can be
attributed to a relatively small number of counties in the data set where
total suspended particulate was considerably in excess of 100. In any case,
these results suggest that in the neighborhood of the national air quality
standards benefits from reducing TSP concentrations are likely to exist.

Illustrative calculations of benefits of national pollution abatement
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programs are presented
calculations are derived

In particular:

for two SMSAS, Denver and Cleveland. These
from the pooled regression estimates in Table

(i)

(ii)

(iii)

SMSA specific means for the
and FMSZ were obtained from
100 public use sample tapes
equation reported.

variables EDC2, EDC3, HVET,
the 1970 U.S. Census 1 in
and substituted into the

SMSA specific averages for the variables WARM, COLD,
and HUMD were obtained from other sources and substi-
tuted into the equation reported.

For the remaining nonpollution  variables, UNON, HLTH,
TOJ2, and JACR, the sample means reported in Table 22 were
substituted into the equation reported. This
procedure was used because of the difficulties in
obtaining meaningful SMSA specific means for these vari-
ables.

These means, which are reported in Table 26, were then multiplied by their
respective coefficients in order to obtain a predicted wage exclusive of
pollution effects.

For the pollution variables, it was assumed that neither community would
have air pollution levels higher than the primary standards for SO , N02 and
TSP by 1985 and that the secondary standards for all three pollutants would be
met by 1987. In cases where current (1978) pollution concentrations are lower
than the secondary standards, those current concentrations were assumed to
prevail throughout the forseeable future. As previously indicated, Table 27
reports the national primary and secondary standards legislated to take effect
in 1985 and Table 28 reports 1978 pollution concentrations for Denver and
Cleveland.

In Denver, for example, the change in the predicted RWGH associated with
a reduction in total suspended particulate concentrations was obtained holding
constant the values of the other pollution and nonpollution variables. The
values for the remaining pollution variables were held constant because Denver
is already meeting the national secondary standards for them. Also, the
values of the nonpollution  variables were assumed to remain unchanged over
time. Projected benefits were then obtained by multiplying the change in the
hourly real wage by annual hours of full time work and then multiplying this
result by an estimate of the number of affected household heads in each SMSA.
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Annual hours of full time work were assumed to be 2000 and the 1 in 100 Census
Bureau public use sample indicated that there were approximately 382,700
household heads in Cleveland and 218,100 household heads in Denver with the
hours of work and employment characteristics required for inclusion in the
sample used to make the pooled regression estimates.

Annual benef~t  estimates from pollution abatement in the two cities are
positive according to the calculations made here. For Denver, meeting the
national secondary standards for TSP results in a reduction in the offered
real wage, from $4.1758/hr. to $3.9626/hr. Multiplying this difference of
$.2136/hr. by the number of persons affected times 2000 hours yields an
estimated annual benefit for Denver of $92,968,935. A similar calculation for
Cleveland reveals that meeting the national secondary air quality standards
causes the real wage to fall from $3.8756/hr. to $3.7693/hr. implying a
benefit of $81,360,489. Note that benefits per household head in the two
cities are $426.35 for Denver and $212.60 for Cleveland. Simple calculations
using the estimates in Table 3 and the mean values in Table 26 show that
reductions in TSP levels would be responsible for all of these estimated
benefits. The larger value for benefits for all of these estimated benefits
per person in Denver arises because greater reductions must be achieved as
compared with Cleveland, in order to achieve the national secondary standards.

Finally, the results from estimating Equation (2) using the Dagenais
procedure to construct the missin~observations on the pollution variables are
reported in Tables 4 through 20. Tables 4 through 19 contain various
partitions of Equation (2) based upon age, race, and sex and Table 20 contains
the pooled sample regression. The coefficients on the supply characteristic
variables reported in Table 20 are very similar to those reported in Table 3.
However, both the linear and quadratic terms for all three pollutants enter
the pooled regression insignificantly at the 5 percent level using a twotailed
test. In the partitioned regression equations, the8air pollution variables
are seldom significantly different from zero either. More specifically, there
are five of these regressions where one of the pollution variables entered
significantly. These are: (1) the Male, White, White Collar Worker, Age 5069
partition (TSPM), (2) the Male, White, Blue Collar Worker, Age 3049 partition
(TSPM) , (3) the Male, White, Blue Collar Worker, Age 1769 partition (CSOX) ,
(4) the Male, NonWhite, Blue Collar Worker, Age 3049 partition (CSOX),  (5) the
Female, White, White Collar Worker, Age 1769 partition (TSPM). Neither the
linear nor the quadratic term on NOXM was ever significantly different from
zero at the 5 percent level. In the five cases where a pollution variable was
significant, the elasticity of the real wage with respect to a change in the
pollution was computed using the method shown in Equation (4). All of these
elasticities were evaluated at the grand mean (computed over all 1395
observations) of the pollution variables. These means, together with the
means and standard deviations of all variables used in this analysis are shown
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in Table 25. Finally, the results of the elasticity calculations are
presented beneath the coefficient estimates for the equations to which they
pertain. As indicated there, three of the calculated elasticities are
positive while two are negative.

The relatively weaker performance of the pollution variables in the
equations estimated using the Dagenais procedure can perhaps be attributed to
several factors. First, although Dagenais shows that his method produces
consistent prediction of the missing obsenations, this asymptotic property
may say little about the finite sample properties of such a procedure,
particularly when a large fraction of the observations are missing. Table 29
shows how this missing observations problem relates to each of the 16
partitional  equations estimated. In particular, this table presents the
number of observations for each partition for which actual pollution data were
available. As can be seen, four of these partitions had no observations where
data on all three pollutants were available. Second, the consistency of
Dagenais’ method depends upon the use of a generalized least squares procedure
to estimate the hedonic wage relation that requires the solution of a set of
simultaneous, nonlinear equations. Because of computational difficulties, OLS
was used instead. In this setting, it is not clear what statistical
properties can be claimed for the Dagenais approach. Two other reasons for
weak performance, which are common to the replacement with means procedure can
also be offered: (1) observations that do exist on the air pollutants may be
measured with so much error
(2) after adjusting for the
pollution, even if measured
wages paid.

that they provide a great deal of misinformation,
other factors included in each regression, air
perfectly, may not be an important determinant of

Illustrative benefit calculations were also made for Denver and Cleveland
using the estimtaes presented in Table 20. The procedure for making these
calculations was the same as that described previously. For Denver, meeting
the national secondary standards for TSP results in a reduction in the offered
wage from $4.3545/hour to $4.0490/hour implying that annual benefits per
household head are $611 and total benefits are $133,198,000. For Cleveland,
on the other hand, meeting the national secondary air quality standards causes
the real wage to fall from $3.3251/hour to $3.2336/hour so that annual
benefits per household head are $183 and total benefits are $70,034,100.
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Table 2

Restricted Sample Regression,.,
Estimates

VAR B T

UNON
HVET
FMSZ
HLTH
EDC2
EDC3
TOJ 2
WARM
JACR
COLD
HUMD
Csox
TSPM
NOXM
pw:z
S,?*2
N?:*2
CONSTANT

R2 =  .59

.313

.265

.0302
-.202
.205
.495
.0801
.942
.0000594

-.291
.0102
.532

-.832
.0394
.00000334

-.00000305
.000000526

-30.473

DF = 94

2.920
2.991
2.074

-1.324
2.136
4.477
.957

1.050
.0433

-1.357
1.388
.895

-1.o6o
.117

1.066
- .538

198
- :818
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Table 3

Pooled Sample Regression--
.$

Replacement with means

VAR

UNON
HVET
FMSZ
HLTH
EDC2
EDC3
TOJ2
WARM
JACR
COLD
HUMD
Csox
TSPM
NOXM
pf:::z
S::!:2
N~~2
CONSTANT

B—

.127

.187

.0218
-.107
.0726
.491

-:::;77
.00145

-.00807
-.00192
-.00298
.00945
.00206

-.0000509
-.00000548
-.0000252
1.505

T

4.576
7.179
3.969

-2.873
2.153
12.747
4.929

-2.865
3.561

-3.148
-1.589
- .609
2.045
.268

-2.203
- .0805
- .294
3.237

R2
= .30 DF = 1377
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. . . Table 5

Male, White, White Collar Worker,

Household Heads Aged 30-49
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. . . Table 8

Male, White, Blue Collar Worker,

Household Heads Aged 30-49

‘TSPM = 1.4204
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. . . Table 9

Male, White, Blue Collar Worker,

Household Heads Aged 17-69
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<.,

Male, Non-Wh
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Table 10

te, White Collar Worker,

d Heads Aged 30-49
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.,, Table 11

Male, Non-White, White Collar Worker,

Household Heads Aged 17-69
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. . . Table 12

Male, Non-White, Blue Collar Worker,

Household Heads Aged 17-29

140



, ,.. .=
,. ,.:. . . ,. t- ,. ,-.. . . . . . . . :
~;$~

al
c-)
(n
o
x

;.::
;\---.-:-: !

,.’-,. . ,
:J
i-
~-

.,. . . .. . . . ., .,: .:,.:.,. ..-.
II
.
E
VI
Lo

,. .,, .-:,. . ..
.-’, .-.:. ..

!:!~

,=
. -

. . .,

:-.,.,
;— :-.
.C:
(.,;

. ...,..,. .,-,.._,, z
o
c
(n
(1)

Z
n t-t

(D
.s

(D
al
n
In

m
c
(1

w
0
0

nJ
-1

-1
.

,



.:., ,. :i~. . . . ,:.: : :-= :. :. :. . . . . . . . ,.—:! ! :.-.
.=
-..

~
7:;,,:

a.

x
(1
(II
CL
in

.

-1
al
u

m

&



. . . Table 15

Male, Non-White, Blue Collar Worker,

Household Heads Aged 17-69
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., Table 18

Female, White, Blue Collar Worker,

Household Heads Aged 17-69
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<. Table 19

Female, Non-White, Blue Collar Worker,

Household Heads Aged 17-69
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., Table 20

Pooled Sample Regression

VAR

X1O-UNON
X12-HVET
X19-FMSZ
X26-HLTH
X28-EDC2
X29-EDC3
X40-TOJ2
X43-WARM
X44-JACR
X45-COLD
X46-HUMD
X41-CSOX
X47-TSPM
X49-NOXM
x 1-P*;*2
x 2-s5,?2
x 3-N;M2
CONSTANT

R-SQUARE = 0.3065
SSR = 281.1 DF = 1377

B

12826
:18686
.2290TD-01

-.99943D-01
.74755D-01
.49221
.12811

-.7T862D-02
.14097’D-02

-.73928D-02
-.78358D-04

184620-02
:823400-02
.164T5D-02

-.37398D-04
-.97076D-04
-.40s460-05
1.1411

T

4.5299
7.1260
4.1336

-2.6863
2.2167
12.708
4.7644

-2.4942
3.4679

-4.1044
- .56596D-01

.55284
1.8694
.84763

-1.6590
-1.5851
- .28572
3.5403
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. . Table 21

Regression to Construct SOXM

VAR

X1O-UNON
X12-HVET
X19-FMSZ
X26-HLTH

X28-EDC2
X29-EDC3
X4O-TOJ2
x42-AvGT
X43-WARM
X44-JACR
X45-COLD
X46-HUMD
X35-REG1
X36-REG2
X37-REG3
X30-PRX1
x31-PRx2
X32-PRX3
X33-PRX4
CONSTANT

R-SQUARE = 0.5420
SSR = .3229D + 05

B

3.0550
-2.5744

.27915
- .69527

.35916
-1.3497
-1.6145
-2.2513
- .96528D-01
- .32979D-01

.46237
- .39650
30.051
9.0446

21.416
-3.644o
-4.0488
-2.9865
-6.1270
40.391

DF = 482

T

3.5062
-3.0967
1.7229

- .57786
.35429

-1.1199
-1.9672
-3.3839
- .52877
-2.6856
1.9103

-5.1329
10.556
3.3579
6.9766

-1.0700
-1.2150
- .86171
-1.3064
2.9248
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., Table 22

Regression to Construct TSPM

VAR

X1O-UNON
X12-HVET
X19-FMSZ
X26-HLTH
X28-EDC2
X29-EDC3
X40-TOJ2
X42-AVGT
X43-WARM
X44-JACR
X45-COLD
X46-HUIID
X35-REG1
X36-REG2
X37-REG3
X30-PRX1
X31-PRX2
X32-PRX3
X33-PRX4
CONSTANT

R-SQUARE = 0.3727
SSR = .22410 + 06

B

- .27108
.13148
.20762
.11578

-1.2855
-5.3022
- .62307
-4.2312

.786o1
- .96968D-02
1.5041

-1.1924
39.444
32.932
29.224
14.834
17.663
13.110
-2.0068
41.964

DF = 691

T

- .17266
.885050-01
.65983
.57456D-01

- .65959
-2.3759
- .41121
-7.9669
2.9667

- .41621
8.9149

-10.784
8.8559
7.7270
5.8749
3.6951
4.4771
3.0617

- .36068
2.2201
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. . Table 23

Regression to Construct NOXM

VAR

XIO-UNON
X12-HVET
X19-FMSZ
X26-HLTH
X28-EDC2
X29-EDC3
X4O-TOJ2
X42-AVGT
X43-WARM
X44-JACR
X45-COLD
X46-HUMD
X35-REG1
X36-REG2
X37-REG3
X30-PRX1
X31-PRX2
X32-PRX3
X33-PRX4
CONSTANT

R-SQUARE = 0.3337
SSR = .4039D + 05

B

4.0234
-3.1084
- .65904
-5.6057
-2.8367
- .42449

.58784
10.479
-3.5136

.61724D-02
-1.6996
- .29514
7.1282
8.1533

-15.842
-3.4347
- .47142
-7.1744

-31.613
271.03

DF = 236

T

1.8520
-1.6117
-1.8977
-1.9463
-1.2861
- .16104

.31671
4.5831

-3.2760
.22688

-2.6106
- .74684

.67026
1.0176

-1.3853
- .59532
- .8351OD-O1
-1.2183
-2.8677
3.6656
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Table 25

Means and Standard Deviations

of Variables



S02

N02

TSP

Tabie 26

MEANS OF NON-POLLUTION VARIABLES

USED IN BENEFIT CALCULATIONS

VARIABLE

UNON

“ HVET

FMSZ

HLTH

EDC2

EDC3

TOJ2

WARM

JACR

COLD

HUMD

CONSTANT

Denver

.307

.402

3.40

. 148

.456

.449

.390

72.00

58.46

30.60

13.73

1.00

t4EAN

Cleveland

.307

.556

3.46

.148

.567

.298

.390

71.90

58.46

18.90

33.66

1.00

Table 27

NATIONAL AIR POLLUTION STANDARDS

(In Micrograms Per Cubic Meter)

PRIMARY STANDARD SECONDARY STANDARD

75 60

100 100

75 60

Table 28

1978 POLLUTION CONCENTRATIONS

IN DENVER AND CLEVELAND

(In Micrograms Per Cubic Meter)

DENVER CLEVELAND

Soz 16.9 61.49

N02 100 65.0

TSP 86 72.2
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Table 29

Table Number

4

5

6

7

8

9

10

II

12

13

14

15

16

17

18

19

TSPM

58

164

59

28

28

22

59

78

40

80

25

145

24

32

16

57

SOXM

30

94

49

19

17

15

39

60

36

61

23

I 20

18

22

6

52

Cross-Tabulation of Incidence of

Actual Pollution Data By Partition

NOXM TSPM,SOXM TSPM,NOXM SOXM,NOXM

17 26 5 5

48 87 25 18

22 42 10 14

2 16 1 2

5 11 0 1

10 12 6 5

19 33 13 17

36 46 22 29

23 30 13 17

32 50 17 24

11 19 9 10

66 99 39 51

6 18 6 6

7 19 3 4

5 6 0 0

32 43 21 27

TSPM,NOXM,SOXM

.4

15

10

I

o

4

13

19

II

14

8

23

6

2

0

18



. . . REFERENCES

1. See, for example, papers by Hall (1973), Heckman (1976), Rosen (1976), and
Wales and Woodland (1980).

2 . The variables contained in P and W will be defined more explicitly
momentarily.

3. The procedure used to assign air pollution measures to the individual
observations is similar to that used by Crocker, Schulze, et al. (1979) .

4. Regressions for partitions containing less than 50 obsemations were not
estimated. For these cases, the observations from two or more partitions were
pooled and one regression was run on the combined data sheet.

5. Dagenais also suggests using a generalized least squares approach to
estimate the hedonic wage equation. However, the approach recommended
required that a system of k simultaneous nonlinear equations be solved in
order to obtain estimates of the slope coefficients where k denotes the number
of regressors. Because of the computational burden involved in using the
procedure, it was abandoned in favor of the simpler OLS approach.

6. Additionally, even if the NOXM variable was eliminated from consideration,
there would still have been only 432 families for whom data on both SOXM and
TSPM could have been matched.

7. Note that in some of these partitioned regressions, variables such as UNON
and HVET are excluded because all observations on them are equal to zero. For
example, HVET has been excluded for this reason in Table 17.

. 8. The regressions used to construct the missing values for the pollution
variables are shown in Tables 21, 22, and 23.
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