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SUMMARY

This paper reviews 1} the quantitative measurement of the welfare impact
due to an externality and 2) the empirical estimation of the welfare impact of
an externality using the property value approach.

The welfare impact on an individual can be measured in two ways. First,
the welfare impact equals what the individual would be willing to pay to pre-
vent the introduction of a negative externality (or, in the case of a positive
externality, what he would be willing to pay to attain the welfare impact).
Second, the welfare impact equals what the individual would be willing to
accept in compensation to have a negative externality imposed upon him (or, in
the case of a positive externality, what he wouid be willing to accept in com-
pensation if he were prevented from receiving the welfare impact). The cor-
rect measure of the welfare impact of an externality depends upon the assign-
ment of property rights as determined by society.

One methodology used to empirically estimate a willingness-to-pay measure
of the welfare impact of an externality--the property value approach--is then
examined. It was concluded that property value studies may be of little value
for environmental change welfare impact estimation {including the welfare
impact due to visual change). This conclusion is based on the existence of a
set of extremely restrictive assumptions and practical constraints correspond-
ing to the property value approaches discussed. However, this conclusion is
tempered with the note that information is needed on the extent to which the
restrictive assumptions cause the property value proxy of welfare impact to
deviate from the neoclassical theoretical measure. If the deviation between
these two measures is small, then the property value approach may provide a
meaningful approximation of the welfare impact of an externality.
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FOREWORD

This report results from a Nuclear Regulatory Commission sponsored pro-
ject to determine the sociceconomic consequences from people viewing alter-
native closed cycle cooling systems on nuclear power plant landscapes. This
was accomplished by measuring individual perceptions of visual aesthetic dif-
ferences among alternative cooling systems and relating the perceived differ-
ences to individual willingness to pay and be compensated for the differences.

The contents of this report are contained in Appendix B of the following
two-volume final report.
Currie, J, W. 1979. The Visual Impact of Alternative Closed Cycle Cooling

Systems, Executive Summary. NUREG/CR-0989, PNL-2952, Pacific Northwest
Laboratory, Richland, Washington.

Adams, R. C., et al. 1979. The Visual Impact of Alternative Closed Cycle
Cooling Systems, Main Report. NUREG/CR-0989, PNL-2952, Pacific Northwest
Laboratory, Richland, Washington.
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A REVIEW OF THE PROPERTY VALUE APPROACH TO MEASURING
THE WELFARE IMPACT OF AN EXTERNALITY

INTRODUCTION

This report documents ane segment of a Nuclear Regulatory Commission
(NRC) sponsored project conducted by the Pacific Northwest Laboratory (PNL) to
evaluate the visual impact of alternative closed cycle cooling systems. In
this report, the "property value approach" is reviewed as a potential measure
of social welfare change due to an environmental change.

Following the conclusions and recommendations, the first major section of
this report is subdivided into three parts. The first defines and discusses
external goods (externalities). The second part addresses the question of how
to measure an externality's impact on an individual consumer. The third part
generates a dollar equivalent measure of the externality's impact on the
consumer.

The next major section discusses three approaches to measuring the social
value of an externality using property value data. These three approaches are
analyzed in terms of their potential viability for empirically measuring the
visual impact (social welfare change) due to alternative closed cycle cooling
systems,

In theory, the price system of an unregulated economy operates in
response to decisions made by consumers and business firms acting as individ-
uals. In deciding what is and is not to be produced, the price system reacts
to individual wants and satisfactions.

It can be shown that competitive markets will lead to an efficient allo-
cation of society's resources. When in equilibrium, the price system will
equate the willingness of consumers to pay for a good (as reflected in the
demand curve) and the cost of producing the good (as reflected in the supply
curve}, That is, at equilibrium, the social marginal {extra) benefit derived
from consuming the last unit of output is just equal to the social marginal



cost of producing the Tast unit. Any output less than or greater than this
equilibrium output would not equate marginal benefits with marginal costs and,
therefore, would cause an inefficient allocation of society's resources.

This framework rests upon the important assumption that all the benefits
and costs associated with the production and consumption of each product are
fully reflected in the demand and supply curves. This assumption implies that
no externalities are associated with the production or consumption of each

product. If an externality occurs, then some of the benefits or costs asso-
ciated with the production or consumption of a good fall on a third party and,
therefore, are not reflected in the good's demand and supply curves. It fol-
lows that the presence of an externality will lead to an inefficient alloca-
tion of resources.

The most obvious examples of externalities involve environmental resid-
uals. Industries discharging wastes in rivers and streams sometimes impose
costs on individuals downstream. Industries that erect towers for smoke or
water vapor emission sometimes impose costs {e.g., health, visual) on individ-
uals surrounding the plant.

Given a measure of the social value of externalities, it may be possible
to promote a more efficient allocation of resources in a society with external
goods {externalities). If the change in social welfare due to the external-
ities of a product could be measured, then it may be possible, through various
corrective policies, to reach a position in which marginal social benefits are
equated with marginal social cost--an efficient condition.



CONCLUSTIONS AND RECOMMENDATIONS

The neoclassical measure of the welfare impact of an externality is equal
to the summation of the changes in producer and consumer surplus in all
affected markets. The property value approach is applied using the assumption
that the real estate market will reflect the total externality welfare impact
in all markets.

Two property value approaches were discussed. The first involved measur-
ing an externality's welfare impact with the product of real estate price
change due to the externality and the stock of real estate. The Bahl and the
Lind theoretical bases for this first approach were discussed. The assump-
tions required for the price change times reail estate price measure to equal
the neoclassical welfare impact measure were identified for each theoretical
basis. It was concluded that the assumptions required in each case were
restrictive and unrealistic.

The second property value approach measured welfare impact by the area
under an estimated marginal benefit function for changes in the level of the
externality. The application cost of using this approach would be extremely
high because extensive data, which are not available from secondary sources,
would be required., It was concluded that, given the cost, the application of
this approach may be unreasonable.

Application of economic principles to empirical problems often results in
a situation in which somewhat unrealistic or questionable assumptions are
required, It is recommended that research be carried out to determine the
extent to which the nature of the assumptions causes a deviation between the
change in price times stock estimate and the actual welfare impact measure.
Given the required resources, a vaiuable exercise would be one in which the
marginal benefit function approach and the price times stock approach were
applied to the same area. The results of this experiment should provide valu-
able information on the relationship between the nature of the assumptions and



the deviation between the change in price times stock estimate and the actual
welfare impact of an externality. This type of information is required before
conclusive statements can be made concerning the viability of the property
value approach.



QUANTITATIVE MEASUREMENT OF THE WELFARE
IMPACT OF AN EXTERNALITY

In this section, external goods (externalities) are defined and dis-
cussed. Next, techniques are presented for measuring an externality's impact
on a consumer. Finally, a dollar equivalent measure of the externality's
impact on a consumer is generated.

DEFINITION OF A NONPECUNIARY EXTERNALITY AND SOCIAL COST

In many situations, the actions of one producer or consumer affect the
welfare of others. The actions taken by a consumer may henefit or harm other
consumers. The actions taken by a producer may benefit or harm consumers or
other producers. By definition, such situations involve externalities.

One type of externmality is the nonpecuniary externality. By definition,
the effects of a nonpecuniary externality are not directly reflected in price.
Consider, for example, the impact of industrial exhaust. Some of the damages
caused by smoke emitted from a factory are not included in the price of the
final product produced by the factory and are, therefore, external to the firm.

The existence of nonpecuniary externalities implies that two types of
costs exist in the economy. First, there are private costs, which in¢clude all
production inputs for which the producer has to pay a price. Second, there
are additional costs from a social standpoint due to nonpecuniary external-
ities that are part of the cost of production {(external costs). Social cost
is defined as private cost plus uncompensated damage to others.(a) Thus, a
nonpecuniary externality exists if the social cost of production is not equal
to the private cost of production.

The existence of a nonpecuniary externality alsc impiies that equality
between marginal private benefits and marginal private costs does not insure
an efficient allocation of resources in the economy. To determine the point

{a) Use of the term uncompensated damage is not meant to exclude the positive
externality case in which the external good creates a net benefit and
social cost is less than private cost.



at which marginal social benefits are equal to marginal social cost, the value
of the uncompensated damage to others due to the externality must be deter-
mined. The uncompensated damage is referred to as the welfare impact of the
externality.

MEASURING THE WELFARE IMPACT OF AN EXTERNALITY

The effect of a nonpecuniary externality on an individual consumer can
best be illustrated by using a basic concept in consumer behavior theory,
indifference curve analysis. Assume that a cooling tower is placed in opera-
tion in a community. Further assume that the visual impact of the tower
affects the residents negatively.

Figure 1 shows a resident's initial equilibrium position. This figure
assumes the resident consumes only two goods, Xl and Xz, and that all his
income is spent on these two goods. (Although these assumptions are unrealis-
tic, they do not invalidate the analysis. Rather, they permit the illustra-
tion of a simplified analysis of consumer behavior on an X,Y plane.) Given
this resident's indifference curves and price Tine, he will maximize his total
utility by consuming {a} units of X1 and (b} units of xz.

The wvisual impact of the introduction of the cooling tower and plume
causes this resident's entire indifference curve schedule to shift outward.(a)
That is, the negative visual impact causes this resident to receive a lower

(b)

The indifference curve Ué now occupies the position

level of utility with the same price line.

(c)

previously occupied by indifference curve Ul'

The effect of the visual impact
is shown in Figure 2.

{a) A positive external impact would cause the indifference curves to shift
inward.

{b) The indifference curves shift because the consumer cannot voluntarily pur-
chase more or Jess of the externality. The impact is imposed on him and,
thus, his quality of 1ife {level of utility) changes.

(¢) This analysis assumes that all other factors affecting the individual are
held constant.











































































