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The past decade has seen a greater acceptance of contingent

valuation as a technique for valuing changes in the level of a non-

market good or service. Through this technique, willingness to pay

or accept responses are collected on a survey instrument for hypo-

thetical. changes in the level of a nonmarket good. The purpose of

this research is to expand the empirical knowledge base of contingent

valuation by investigating the relationships beten contingent valu-

ation responses and objective indicators of the quality or quantity

of the good, losses incurred from the current level of the good,

related private market purchases and household characteristics.

Contingent valuation responses are ex ante responses, or intended

behavior, and are affected by underlying attitudes. Also of interest

is the relationship between these attitudes, measured as satisfaction,

and contingent valuation. Where contingent valuation is concerned
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with valuing a spcified change in povisionB, satisfaction is n

general, unconstralued attitude about the adequacy of provision.

The results Lndicatd r;hat the mean annual willingn to-ay fr

improved aIr quality was $26.67. For improved safety from crino the

mean bid was $41.23. The relationh1p between at fac:io &nd w:L.1-

ingness to pay for improved air qaiity is judged to be açpopriateiy

modeled as a recursive system. !owever, the empirical ru for

public safety indicate that the hypothesized recursive :e1atL'uship

does not exist. Th is likely due to the complexities

the issue of crime tc the variability in the copo rite f

satisfaction neasure. AppLi:etJon of tobit analysis to

valuation responses is aio &xpiored.
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"Potential choices... which seek to establish how much an individual

would buy, were conditions something other than they are now.., has

had little actual use in empirical economics, though one might say

it is the chief content of the pure theory of demand."

Kenneth J. Arrow
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AN ANALYSIS OF CONTINGENT VALUATION APPLIED TO AIR
OIJALITY AND PUBLIC SAFETY FROM CRIME

INTRODTJCTI ON

Problem Statement and Purposes

An individual's preferences for local public goods are expressed

in several different fashions. The way in which these preferences

are directly revealed in the market place is through migration to

another community. This is equivalent to Tiebout's voting with

one's feet concept of moving to another community in order to consume

a different and more satisfying "bundle" of local goods. Preferences

for local amenities have been hypothesized to be important factors in

explaining the rural population turnaround of the 1970's and recent

research has more precisely identified that role (Beale; Stevens,

1980). Similarly, amenities of urban and suburban areas attract in-

dividuals who hold those preferences. Of course, only extremely dis-

satisfied residents would be willing to incur the high costs of moving

and even then, these types of adjustments will be made infrequently.3-/

For the majority of residents, preferences for local public goods are

expressed indirectly in the market or in nonmarket settings. Identi-

fication and understanding of underlying preferences have become major

challenges for economists.

The general purpose of this research is to extend the current

knowledge of preferences for local public goods and consequent

Tiebout's theory has been criticized on other grounds as well.
For example, it assumes that interjurisdictional externalities are
nonexistent (Stiglitz and Atkinson).
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responses of individuals to the communally provided quantities. The

inarginalist approach of neoclassical economics has much to contribute

to an analysis of preferences for local, goods. One contribution from

applied economics, contingent valuation, is the major focus of this

research. Contingent valuation is a survey approach designed to elic-

it dollar values for hypothetical changes in the level of a public

good. Because of its newness, there are many important unanswered

methodological questions regarding contingent valuation. Specific

contributions of this research in addressing some of these questions

include: a comparison of contingent valuation results to objective

indicators of quality; a comparison of contingent valuation results

to Individual private market adaptions and costs incurred due to neg-

ative externalities; application of contingent valuation to two dif-

ferent public goods with similarly designed survey questions for each

respondent in the sample; and comparison of willingness-to-pay 'and

willingness-to-accept responses.

The complexities of human nature have shown the standard economic

tools to be deficient in explaining the responses of individuals to the

fixed quantities of public goods. Responses of individuals may include

augmenting the public goods with private market goods or becoming polit-

ically active in order to influence the level of a public good provided.

However, not all individuals who are dissatisfied will invest time and

money in alternative economic and political avenues. They may simply

remain dissatisfied. In order to better explain this phenomenon, this

research will also attempt to integrate two approaches to understanding
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preferences--contingent valuation and subjective satisfacti-on. Both

contingent valuation and satisfaction are important constructs in

social science research but no attempt has ever been made to explore

their relationship to each other. As mentioned, contingent valuation

was developed within the economics discipline and attempts to nasure

the value of changes in the level of a public good. Subjective satis-

faction is a general social science construct used in this research

to measure attitudes regarding the adequacy of provision. The public

goods of interest are air quality and public safety from crime.

Organization of Dissertation

This dissertation will be organized in the following manner: The

remainder of this section will present a definition of public goods

and a description of the two goods to be analyzed. Then, a brief

description of empirical techniques for valuing public goods will be

presented. The next section will present the theoretical framework

for economic valuation of changes in public goods and review the

literature on empirical applications of contingent valuation. The

following section will describe the framework of the research draw-

ing on economic and social psychological theory. Next, the survey

design and the data collection procedure will be described. The next

two sections will provide the analytical model and results for air

quality and public safety, respectively. This will be followed by a

brief section on the applicability of tobit estimation to contingent

valuation models. Finally, the conclusions and implications of the

research will be presented.



Background Information on the Problem

Public Goods: Air Quality and Public Safety

One way in which economists classify goods is according to

whether they are one of two types of 'pure" goods, private consump-

tion goods or collective consumption goods.2! The latter type of

goods, collective consumption, are of focus in this research. How-

ever, the relationship between the two types of goods can provide

much useful information on collective consumption goods. Many of

the techniques for measuring the value of collective consumption

goods which are described later in this section draw on the inforina-

tion imbedded in the relationships between the two types of goods.

The two types of goods will now be described.

For a private consumption good, or pure private good, the total

quantity of that good equals the sum of the quantities held by each

individual. Good X is a pure private good if = EX1, where

X1 is the quantity of X held by individual i for each of n individ-

uals. This implies that consumers who do not pay for good X can be

excluded from consuming that good and property rights associated with

the good are completely transferred in market transactions. This

implication is known as the exclusion principle.

A collective consumption good, or pure public good, is a good

whose total quantity is available separately to each individual, so

2! These definitions were initially defined by Samuelson in 1954 and
are also valid for services.
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that Xtotal = for each of the n iridividudals. This implies that

each individual's consumption of a pure public good does not subtract

from the consumption of that good by others. According to Samuelson,

the usual market solution does not exist to determine expenditure

levels for public goods nor are there alternative methods to force

consumers to reveal their true preferences. Any reluctance to engage

in economic analysis of nonmarket goods is supported by Samuelson's

exposition, if not rooted in it.

Very few goods fit into this polar classification scheme of pure

public or pure private goods. Most public goods are not available

equally to everyone due to extraniarket rationing effects, such as

congestion or distance, and partial exclusion results. Similarly,

most private goods could not be viewed as purely private due to exter-

nalities in their production or consumption. Both Enke and Margolis

contend that most goods and services supplied by governments are not

purely public since increased use by some consumers generally leaves

less available for consumption by others and spillovers of benefits

to other governmental jurisdications cannot always be avoided.

Air Quality. Clean air is close to being a pure public good

although, like safety from crime, it too varies across geographical

areas. The best indicators of air quality are measures of pollution.

Although some pollution is naturally produced by the environment,

most pollution is the result of human activities. Common pollutants

of air include suspended particulates, ozone, carbon monoxide, sulfur

dioxide, nitrogen dioxide, hydrocarbons and lead. The public commit-
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ment to clean air, and a healthy environment in general, has been

reaffirmed even during our current economic recession. This concern

about clean air is largely the result of many epidemiological studies

which have verified the adverse effects of poor air quality on human

health (Lave and Seskin; Crocker, etal.). During the 1970's, there

were almost two dozen major environment-related laws enacted. These

include Public Law 95-623 which called for a study of the present

and projected future health costs of pollution and other environmental

conditions. In addition to the negative health effects, pollution also

causes property deterioration. Although some of the economic costs of

pollution have been measured, a difficulty remains in estimating bene-

fits from clean air.

Public Safety. A commonly held value of most citizens is safety

from crime. The local police or sheriff's office is the major pro-

vider of public safety from crime. This publicly provided service

does not fit the polar classification of goods. For example, it is

not available equally to all. The best indicator of public safety is

the crime rate and it varies by the type of area. Metropolitan areas

experience higher crime per capita for all types of crime than non-

metropolitan areas. In 1978, there were 45.9 violent crimes per 1,000

population in central cities, 34.7 in metropolitan areas outside of

central cities, and 21.6 per 1,000 population in nonmetropolitan areas.

(U.S. Dept. of Justice). Also, crime has been increasing over time;

between 1960 and 1979, for example, the percentage change in the FBI

Total Crime Index was 412.5% for rural areas and 368.1% for urban
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areas (Carter, etal., 1982).3/ The importance of public safety as a

local public good is certainly a result of this increasing crime rate.

Its importance is indicated by the increase in expenditures for law

enforcement activities at the local level. Between 1967 and 1977 per

capita expenditures for police services increased by 256 percent in

nonmetropolitan areas and by 190 percent in metropolitan areas. (u.s.

Bureau of the Census). In this study, crimes are confined to crimes

against property and not crimes against persons.

Techniques for Measuring the Value of Nonmarket Goods

In the past two decades resource economists have attempted to

incorporate measures of the value of nonmarket goods into benef it-

cost analyses. Before that time, analyses would at the most mention

the possible nonmarket effects of various alternatives and hypothesize

their directions. Federal and state legislation has served as a major

impetus in this area which sometimes requires the valuation of market

and normiarket benefits. By the nature of the goods, they are all at

least one step removed from the direct observation of prices and

quantities. Of the eight major approaches to benefit estimation one

involves supply, five involve demand, and two are what V.K. Smith has

referred to as institutional approaches. These will be briefly de-

scribed.

3/ Since 1973, the crime rate includes a measure of total larceny.
Before that time the crime rate included only larceny of $50 and over.
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Approach based on Production Theory

1. When the public good is an input into a production process of

a private good, rather than an argument in the utility func-

tion, benefits can be measured from observable market data of

the private good either in the output or input market, depend-

ing on conditions.

Approaches based on Consumer Behavior Theory

If a public good's marginal utility is zero whenever the

quantity demanded of a private good is zero, then there is

weak complementarity between the goods (Mäler, 1974). This

situation allows for the estimation of the demand function for

the public good (without derivation of the underlying utility

function or expenditure function) from observable market data

on the private good.

If a private market good and a public good are perfect substi-

tutes in consumption (i.e., elasticity of substitution is in-

finite), Mler has shown that the marginal price of the public

good can be estimated from the substitution ratio between the

two goods and the price of the private good.

If a private market good and a public good are perfect comple-

ments in consumption (i.e., elasticity of substitution is zero),

Mãler has shown that, over certain ranges of the private good,

the marginal price of the public good can be estimated from the

complementarity relationship between the public and the private

good and the demand function for the private good.
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If the quantity of the public good supplied varies -over

geographical areas, it may then be possible to estimate the

demand for public goods from the price differentials in the

market for the private goods which are affected by the level

of the public good. This approach is termed the hedonic

approach .4

If the household can realistically be viewed as deriving

utility from a commodity produced by the household with known

private market and public goods as inputs and where there is

information on the household production technology, the house-

hold production function approach may be used to estimate the

demand for a public good. Because the household is viewed as

producing the commodity which is an argument in the utility

function, this approach also draws on production theory (Muth).

C. Institutional:

The contingent valuation approach elicits willingness-to-pay

and/or willingness-to-accept responses directly from individ-

uals for hypothetical changes in the supply of public goods.

This may be accomplished through the use of a bidding proce-

dure on a survey instrument.

The demand-revealing techniques are survey and experimental

approaches based on the assumption that the tendency for

4, Smith classifies the hedonic approach in the production category
because the public good and private goods are jointly supplied in
production.
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strategic bias exists under direct questioning. Information

based on various schemes to counteract that bias is selec-

tively provided to individuals during the experiments. These

schemes are believed to ensure that a utility maximizer will

provide an accurate response.

Each of the above mentioned techniques for estimating the demand

for nonmarket public goods has specific constraints and assumptions

and each has specific information requirements. Several researchers

have provided excellent descriptions of the conditions under which

each approach is appropriate (M.1er, 1974; Brookshire, etal., 1981;

Freeman, 1981; Smith, 1981). Contingent valuation (approach C.l) is

applied in this research. It was originally developed for valuing

outdoor recreational experiences and has proven especially useful in

valuing nonmarket goods which do not have clear and measurable rela-

tionships to private market goods, making the application of many of

the other techniques impossible. A major reason that the contingent

valuation technique was chosen for this research is because of its

possible potential for valuing many types of nonmarket goods and

because of the interest in the nature of its relationship to subjec-

tive satisfaction, also collected through a survey instrument. This

relationship and the role of contingent valuation in general will be

described in later sections.



ThE ThEORETICAL BASIS FOR CONTINGENT VALUATION
AND REVIEW OF THE EARLIER APPLICATIONS

Theoretical Concepts

Contingent valuation (CV) elicits willingness-to-pay (WTP) and

willingness-to-accept (WTA) responses directly from individuals

through a bidding process on a survey instrument. WTP and WTA are

now understood to be the building blocks of the appropriate economic

measures of welfare change. Before reviewing the applications of

CV, these theoretical concepts will be described in more detail.

WTP can be related to the market situation by viewing It as the

maximum amount a buyer would offer and WTA corresponds to a seller's

reservation price or the minimum amount he or she would accept

rather than withhold the good from exchange. The four measures of

welfare change based on WTP and WTA were defined by Hicks. These

measures are compensating variation, equivalent variation,

compensating surplus and equivalent surplus. In the first two

measures, the assumption is made that an individual will be

permitted to make optimizing adjustments in his or her consumption

after a welfare change. In the surplus measures, it is assumed that

an individual is not permitted to make these adjustments.

The surplus measures are the more relevant for situations

involving changes in public good consumption because an individual

in a given community faces a restricted quantity of the good.

Compensating surplus is defined as the amount of money necessary to

compensate an individual after an economic change (either positive

or negative), who cannot make adjustments after the change, in order

11



to leave him or her as well off as the initial position. Equivalent-

surplus is the amount of money necessary to compensate an individual

(again, either positive or negative) in lieu of an economic change,

in order to leave the individual as well off as she or he would be

in the subsequent position and where quantity adjustments cannot be

made. The important distinction between the two measures, and

likewise for the variation measures, is the difference in the

utility reference levels. For the compensating measures, the

relevant reference level is the initial level and for equivalent

measures, the relevant reference level is the subsequent level.

A direct method of providing a definitional expression for

these welfare measures is through the use of the expenditure

function. The expenditure function approach is the dual of the

standard utility maximization approach in which consumers are

presumed to minimize the objective function of consumer expenditures

subject to a given fixed utility level (Silberberg, 1978). The

first order conditions yield Hicksian demands and the expenditure

function, m, is derived upon substitution of these demands into the

objective function. The expenditure function is then a function of

prices and a constant utility level:

m= f(p1 , ti ) I = 1,... ,n

If prices and income change, the compensating variation, with the

initial utility as the reference level, can be expressed as:

Compensating Variation = m1 - in (p1, U)

where m Is the subsequent income level; and equivalent variation,

with the subsequent utility as the reference level, can be expressed

as:

12
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Equivalent Variation = m (p, U1) - in0

where in Is the Initial income level.
0 -

For compensating and equivalent surpluses, the expenditure

function approach is also the most direct approach for providing for

an expression of the measures. However, the quantity restriction

does complicate their derivation. Following Just, Hueth and

Schmitz, the development of the expenditure function with a quantity

restriction is presented In Appendix A. The definitions of

equivalent and compensating surplus which result from that

development do not exactly correspond to Hicks' definitions because

adjustments are allowed for some of the commodities. Those

definitions in terms of the expenditure function for a change in

prices, income and a quantity restriction, q°, are:

Compensating Surplus = m1 - m (p1, U, q)

Equivalent Surplus = m(p, U1, q°) -

Graphically, a change in a quantity restriction can be evaluated as

for a price change for an unrestricted quantity, but only left of

the quantity. That is, below the compensated demand curve, above

price and left of quantity.

Figure la and b show compensating and equivalent surpluses

graphically for an individual in the case of an Increase in the

provision of a restricted quantity. In la, the individual Is

initially consuming q° of the restricted quantity and x of all

other goods and is at utility level U. The Marshallian demand

curve (income held constant) can be traced out by observing the

change in consumption of q which would result if the price of q

changed and income was held constant at m. That demand curve, Dm,



Figure 1--Compensating and Equivalent Surpluses for an
Increase in a Public Good.
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is drawn in lb. The Hicksian demand curves (utility held constant)

can be drawn by observing the changes in consumption of q as the

price of q and m change but utility Is held constant. That is, the

Hicksian demands are constructed by observing q demanded as the

budget constraint shifts to a new point of tangency on the same

indifference curve. A Hicksian demand curve passes through every

point on the Marshallian demand curve. At the initial position, the

corresponding Hicksian demand is shown as D. If the restricted

quantity is increased from q to q1, the Individual will be affected

in the same way as if the price decreased from p0 to p1 In lb. The

new price ratio will leave the Individual at a higher level of

utility, U1, as is shown In la. Intermediate optimizing adjustments

cannot be made in the consumption bundle and the equivalent surplus

for a change in a quantity restriction from q0 to q1 is equal to the

distance in1 - in. The corresponding equivalent surplus area in lb

is shown as the area behind the Hicksian demand curve D

(corresponding to utility level U1) above the price line and behind

the quantity restriction. The compensating surplus which must be

given up is equal to the distance in2 - in in lb and corresponds to

the area behind above the price line and behind the quantity

restriction.

As shown in Figure 1, compensatIng and equivalent surpluses are

ordinally related to an individual's utility. However, the sum of

these potential compensations resulting from an economic change are

not money measures of social utility. If more than one individual

is affected, the measures can be used in some cases to determine

whether an economic change is a welfare improvement under the

15



potential Pareto principle or the Kaldor-Hicks/Scitovsky

compensation principle. A change is a potential Pareto Improvement

if it is possible to make someone better off without making anyone

worse off. The Kaldor-Hicks/Scitovsky compensation test states that

state A is preferred to state B if all individuals could potentially

be made better off by the gainers compensating the losers for

changing to state A and that losers cannot successfully bribe the

gainers not to make the change.

Because the welfare principles are based on improvement from

the status quo position, the compensating measures were recommended

by Mishari (1971) for use in cost-benefit Analysis. However, Meade

later pointed out, and Mishan concurred (1976), that the equivalent

measures are also valid. This issue decomposes to a property rights

issue. For example, if a change were to occur so as to mean an

increase in an amenity to an individual or group who retains the

property rights then the equivalent measures would be appropriate.

If it were to cause a decrease in an amenity to the property rights

holders, the compensating measures would be appropriate. The

dilemma is, however, that it is not always clear where the property

rights lie.

The issue of whether a money measure of a change In utility

could be calculated represents a significant split between the "old

welfare economics" and the "new welfare economics." In order to

define a money measure of utility, it Is necessary to know the

undefined and abstract social welfare function. Marshall, of the

old welfare economics, erroneously believed that his measure of

consumer surplus did represent a money measure of utility. Because

16



of its central role in the past it is useful to discuss consumer

surplus and its relationship to the WTP and WTA concepts of

contemporary welfare economics.

Although Marshall himself stated in his Principles that the

concept of consumer surplus "introduces no new difficulties and

makes no new assumptions," future economic literature has disproved

that. Marshall, who popularized the concept, defined consumer

surplus as "the excess of price which (an individual) would be

willing to pay rather than go without the thing, over that which he

actually does pay." Graphically, the triangular area behind a

(fixedincome) demand curve and above the price line is an

individual's consumer surplus area (assuming there is no quantity

restriction).

Later economists have shown mathematically that Marshall's

Intention of defining consumer surplus as a unique measure of gain

or loss which could be related to an individual's utility function

is only realized under very stringent conditions (Samuelson, 1942;

Silberberg, 1972). Measures of consumer surplus are related to an

individual's utility function only if the marginal utility of income

is constant with respect to prices or income. Uniqueness of the

measure requires that the path of adjustment for more than one price

change or a price and Income change does not affect the change

In consumer surplus. This latter condition is met if the marginal

utility of Income Is constant; but the relationship does not hold in

reverse. These conditions are so stringent that they essentially

are useless in application.

17



Consumer surplus is important as a measure of welfare, however,

in its relation to compensating and equivalent measures. Consumer

surplus is exactly equivalent to these measures only under the

unrealistic assumption that no income effects exist.5/ Hicks argued

that the geometric area of consumer surplus would be a good

approximation of compensating and equivalent measures if the income

effects were "small.' Recently, Willig has significantly upgraded

the definition of small by showing that consumer surplus is usually

a very good approximation to compensating and equivalent variations

through rigorous calculations of bounds on the percentage

errors of the approximation.

Applications of Contingent Valuation

Contingent Valuation allows for the measurement of WTP without

deriving a demand curve for the goods. Therefore, application of CV

is most useful in situations in which a market does not exist for

the good nor do any estimable relationships exist with that good and

any market good. In particular, it has been applied to valuation of

environmental quality.

The first empirical works in this area were Davis, Bohm and

Randall etal. Davis' major contribution in the area was to provide

the first empirical work which recognized the potential of a survey

technique in valuing nonmarket goods. The good which he measured

was the quality of the environment for recreational purposes.

The possibility of strategic bias is by far the greatest

drawback of the CV approach. Bohm conducted an experiment on the

5/Mishan refers to these as welfare effects.



role of strategic bias in WTP responses. The direction and

magnitude of strategic bias was hypothesized to be a result of the

terms of the proposed exchange. The 211 participants in the

experiment were each paid Kr. 50 ($10), divided into six groups, and

each group was asked a different version of the WTP question. A

broadcasting monopoly-provided T.V. program was the public good

evaluated. Five of the six approaches required actual payment

before viewing the program and the sixth required only that

participants specify the amount they would pay if they were required

to pay. The terms of the payment approaches varied from those

hypothesized to lead to underestimating to those hypothesized to

elicit overestimation of payment. Bohm's results showed no

significant differences at the 5% level between any of the

approaches which required payment. Additionally, the approach which

allowed viewing of the program without payment but with

specification of its worth to them, was significantly different from

only one of the payment-required approaches. Mitchell and Carson

have reported that when outliers were removed, this significant

difference disappeared. This systematic testing for strategic bias

in direct questionning, which lead to the rejection of the null

hypothesis that strategic bias, existed has contributed to the

greater credibility of CV among economists.

Randall et al,'s work on the value of aesthetic environmental

improvements linked Bradford's concept of the aggregate bid curve to

CV. The improvements were actually abatement of damage to the

environment caused by coal stripinining and a steam electric

generation plant in the Four Corners area. These activities
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increased the pollutants in the air, disturbed the ecosystem, and

added transmission lines to wide-open landscapes. The aggregate bid

curve was defined as the vertical snuimation of individual bids.

This is similar to the vertical summation of individual demand

curves to obtain a market demand curve for a public good. Personal

interviews were conducted for three groups of respondents (i.e.,

Indians on the reservation, nonreservation residents and tourists)

and hence realistic payment vehicles were necessary for each group.

For both reservation and some nonreservation residents, the payment

vehicle was the sales tax, for the remaining nonreservation

residents the monthly electric bill was the payment vehicle, and for

tourists, the payment vehicle was an increase In the user fee. The

respondents were asked to participate in the bidding process after

viewing three sets of photographs with varying levels of aesthetic

quality. The photographs depicted the area at different stages of

development. In addition to estimating aggregate bid curves, the

income elasticity of the bids were estimated.

Since these early works, subsequent applications of CV have

included applications to other aspects of aesthetic environmental

quality (Brookshire etal., 1976; Desvousges etal.; Rowe etal.

Thayer), air pollution-induced health effects (Loehman; Brookshire,

etal., 1982), and the availability of wildlife resources for

hunting and fishing (Hammack and Brown; Sinclair; Bishop and

Heberlein; Brookshire etal., 1980). Various aspects of these works

will be highlighted below.

To the extent that it is a controversial technique, CV is so

because of the possible biases embedded in the WTP/A reponse.
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Therefore, major advances of later applications have been made in

the area of testing for biases in respondents' bids. Testing for

biases is necessary at two levels. The first issue is whether any

form of CV will yield an unbiased response. Tests of this question

involve crosschecking of the CV results for consistency with other

noninarket or experimental market benefit estimation techniques. If

the crosschecking process yields a general acceptance of the

technique, the next issue is whether a particular form or

characteristics of a CV question leads to a biased response. Of

course, tests at the latter level of analysis can lend support to

results of the former. For example, if you fail to reject the

hypothesis that bias is nonexistent in all versions of CV questions

which are tested then that would tend to support the hypothesis that

the CV technique can yield an unbiased response.

After discussing (1) the crosschecking of the CV approach and

(2) biases resulting from the content and structure of the CV

questions, the other major focus of the later literature will be

reviewed. Again this involves empirical tests of another aspect of

the relevant theoretical literature, the difference between

equivalent and compensating measures of consumer surplus.'

Methodological Crosscheck

The first published research providing a methodological

crosscheck of CV was by Bishop and Heberlein.6/ They compared

6/ Rowe et al., did utilize a household production framework as
well as a CV approach to valuing visibility but these were not
comparable because of the differences in the sample composition,
residents and recreators vs. recreators, respectively.



valuations of goose hunting permits for East Central Wisconsin from

three techniques: CV (using a mail questionnaire), the travel cost

approach, and an experimental market using actual cash payments.

Their estimated surplus per permit under CV was $21 for WTP and $101

for WTA; under the travel cost approach, $45 7/, and under the

actual cash payment experiment the surplus per permit was $63. The

researchers expressed pessimism regarding the validity of CV

responses based on the substantial difference between the CV

responses and actual cash offerings. It is also important to note

that the actual cash payment fell within the range bounded by WTP at

the lower end and WTA at the upper end.

In another study, the CVestimated value of a recreational

visit without the impacts of geothermal development was compared to

a site substitution valuation for day visitors and campers in New

Mexico (Thayer). The site substitution valuation was based on the

increase in driving costs due to modifications in recreational

habits which respondents stated they would undertake. Two ranges of

driving costs were estimated, but the author concluded that the more

realistic range of costs should include only costs from fuel, oil

and minor maintenance. The individual bid under CV for the sample

was $2.54. This compares to the site substitution estimate, based

on the realistic range of travel costs, of $1.85 to $2.59. The

author concluded that these results dispel the position that a

survey instrument cannot yield accurate responses.

7/ This value assumed the hunters' time was valued at onehalf
their income rate. Values were also calculated under the assumption
of time valued at onequarter their income rate and zero. These

surplus estimates were $28 and $11, respectively.
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Another crosscheck on CV responses was applied to air quality

In the South Coast Air Basin of California (Brookshire, etal.,

1982). The CV responses were compared to estimates of value derived

from the variation in property values through the hedonic technique.

With the hedonic technique it is assumed that housing prices reflect

the variation in structural housing attributes and neighborhood

amenities, including public goods or bads. The hedonic model was

used to derive the differential rent gradient for differences in

pollution. The authors noted that one advantage of the sample

location is that, due to the seriousness of the air pollution

problem, residents are relatively well informed about the aesthetic

and health effects of air pollution as well as the variation of air

quality within the area. After surveying respondents in 12

communities regarding their WTP for improved air quality, the data

for the hedonic analysis were obtained on home sales in those

communities for a 15month period which included the interviewing

dates. They were able to explain approximately 90 percent of the

variation in sale price by their model. Based on the similarity

between the implicit price of air quality derived from the hedonic

model and the values from the CV approach the authors were able to

"view these results as a qualified verification" (Brookshlre, et

al., 1982; p. 177) of the usefulness of CV for estimating the value

of public goods.

The most recent effort to compare contingent valuation to

another nonmarket benefit estimation technique Is Desvousges, etal.

(1983). They compared the results of contingent valuation applied

to the recreational benefits of a water quality improvement (to the
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Monongahela River in Pennsylvania) to the results of a travel cost

recreational demand model. The basis of comparison was the -

estimates of consumer surplus from the travel cost approach to the

compensating surplus of the contingent valuation approach for 69

users along the river. They found that the direction of the water

quality change affected the relationship between the results from

the two methods. The travel cost valuation was less than the CV for

improvements and greater than CV for water quality deterioration.

However, the authors did conclude that the results of the two

approaches were generally consistent.

In summary, three of the four major research efforts on

crosschecking have yielded support for the CV technique. The other

study, Bishop and Heberlein, suggests caution in the use of CV.

Their results should be given extra weight due to the uniqueness of

the market created which provided actual cash payments. A major

consideration of all of the studies is the soundness of the other

techniques against which the CV results were compared. The major

problems of the travel cost approach involve specifying the correct

valuation of multiple purpose trips and specifying the individual's

perceptions of travel expenses, in contrast to the true costs. With

the hedonic technique it is necessary to correctly specify all the

factors influencing the property values although this generally

leads to problems of multicollinearity. Even the validity of the

experimental market can be questioned because its artificial nature

may be too unrealistic, and is certainly extraordinary, to yield the

same behavior as a true market would.
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Survey-Induced Biases

Many of the studies which utilized the CV approach to valuing

public goods also included internal tests for biases (Brookshire, et

al., 1976; Rowe, etal.; Brookshire, etal., 1980; Thayer;

Brookshire, etal., 1982). In addition, significant contributions

in detection of biases induced by the structure and content of the

survey instrument have been made by laboratory studies (Bohm; Scherr

and Babb; Vernon L. Smith, 1977).

Schuize et al., have summarized the types of biases which may

be involved in cv: strategic, vehicle, starting point, information

and hypothetical biases. Strategic biases arise through consumers'

incentives to misstate preferences in order that their true

preferences will be realized in the final outcome. The method of

payment and the initial bid postulated can also bias the response.

These are termed vehicle and starting point biases, respectively.

Because the interviewer controls the limited information available

to a respondent for bid-making, there is also the chance that the

information provided is insufficient, imprecise or that it is not an

accurate description of the relevant situation. This is termed

information bias. It should be noted that this definition of

information bias also includes the effect of the information

provided on precision. Hypothetical bias is a result of the

hypothetical nature of the question which may not be adequately

perceptible or credible, but it Is difficult to test for

hypothetical bias unless the hypothetical situation occurs.

Consequently, separate tests of hypothetical bias have not been

reported in the literature. One would expect the aggregated and
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unseparable effects of all biases to be evident when CV is compared

to studies based in other nonmarket benefit estimation techniques,

such as those reviewed above.

Strategic Bias. In the theoretical literature on preference

revelation of public goods, strategic bias has been of greatest

concern. In theory, the direction of the bias will depend on the

terms of compensation for a change in the level of a good. For

example, if an individual would incur the actual cost of his or her

bid for a public good then an underestimate would be expected since

that underestimate would not significantly affect the quantity

provided. On the other hand, if an individual would not be

responsible for any or all of the full WTP response and he or she

thought the outcome could be affected, then there is an incentive to

overestimate the bid.

In addition to methodological crosschecks, applications of the

CV approach have used two techniques to test for strategic bias..

Brookshire etal. (1976) assumed that nonstrategic bids are

distributed normally and strategic bids will cause the distribution to

be flattened. In other words, if strategic bias was a serious

problem, one would expect a large number of extreme bids relative to

the mean bid. Since this situation was not detected, strategic bias

was believed not to exist. However, this technique can be

criticized because there is no a priori reason to expect bids to be

normally distributed. And, in fact, there is reason to expect bids

to be distributed in a way similar to the distribution of income,

i.e., skewed to the left. In another CV study, Rowe etal. tested

for strategic bias by providing a subsample of respondents who had
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been told they would have to pay the average bid, rather than their

own, with additional information about a mean bid (although this was

ficticlous information). In addition, the full sample was queried

regarding its environmental positions. This allowed for the

estimation of a model which contained an interactive dummy variable

for the combination of additional information and environmental

positions. Since the interactive dummy variable was not

significant, it was concluded that strategic bias did not exist. As

in most CV studies, extreme bids (greater than 10 standard

deviations from the mean) were eliminated in the analysis if further

questioning found that the bid was a negative reaction to the

vehicle or the bidding game.

Laboratory experiments of demand for public goods have also

tested for, but could not detect, the existence of strategic bias.

The most widely referenced is Bohm's experiment of valuing a public

TV program using five questions which resembled those used in CV

applications. As described above, his findings that strategic bias

did not exist was critical in lending support for the validity of

the CV approach.

Two other laboratory experiments using complex demand-revealing

techniques are also relevant here (Scherr and Babb, Vernon L.

Smith). Demand-revealing techniques are games devised to provide

incentives to individuals to respond in a nonstrategic fashion.

Scherr and Babb evaluated responses from two games based on recent

demand-revealing theory (Clarke, Loebman and Whinston). Their

method for evaluating these mechanisms for pricing public goods

involved comparing those responses to a CV-type question, which was



viewed as a control. They hypothesized that the CV type question

would yield responses that were equal to or lower than the other two

systems because there would be greater incentives in the CV-type

question for strategic bias. However, they found that the CV-type

question actually yielded responses that were higher than bids under

the other two systems. Although the experiment was designed to test

two demand-revealing techniques, the results can also be interpreted

as providing additional support for the absence of strategic

behavior in contingent valuation responses.

Smith also concluded that strategic bias may be of little

consequence in his incentive-compatible auction mechanism for public

goods. Under this mechanism, participants privately bid among

alternative proposals with known values. Then the proposal with the

highest sum of the bids is chosen and players rewarded in cash based

on the their bids. When applied, the auction mechanism yielded the

optimal proposition in 80 percent of the elections and strategic

responses were not detected.

In general, empirical applications of CV have not found

stragetic bias to exist. One explanation for its absence is that

strategic bias requires more information than is provided in a CV

question, as well as extra effort and thought (Johansen).

Vehicle Bias. Vehicle bias has generally been tested by: (1)

inclusion of a dummy variable for the types of vehicle in the model

and calculation of the significance of the coefficient or (2) by

testing for a statistical difference between mean aggregate bids for

each vehicle. Three studies have found vehicle bias to exist (Rowe

etal.; Brookshire, etal., 1980a; Brookshire, etal., 1980b). Rowe
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etal. tested both a utility bill and a payroll deduction as the

payment vehicle for a recreational experience without geothermal

development by method 1 and found the bids with the payroll

deduction vehicle to be significantly higher than the bids with the

utility bill vehicle. Brookshire, etal. (1980a), in valuing

wildlife experiences, used method 2 and found the hypothesis that

the type of vehicle influenced the final bid could be rejected at

the .01 level. However, they also found that more protest votes

were elicited by the utility bill vehicle than by either the license

fee or access fee vehicles. By method 2, Brookshire, etal.,

(1980b) found a statistically significant difference between total

mean bids in one-third of the sample areas In their valuation of air

quality. It appeared that the major reason for the bias was due to

the athestic component of the total bid rather than the acute or

chronic health components.

Starting Point Bias. Testing procedures for starting point

bias have been similar to the procedure for vehicle bias. Starting

point bias was detected in the Rowe, etal. and the Desvousges, et

al. studies and not detected in four other studies which tested for

its presence. Desvousges, etal. also found a significant

difference between mean bids which were elicited with a direct

question (which did not provide a starting point) and mean bids

which did provide a starting point. It is possible that starting

point bias may be avoided by permitting the respondent to choose the

initial range of bids.

Information Bias. Rowe, etal. also found information bias to

exist by providing the additional information to individuals that



the total bid was too low to cover costs after they made their

initial bid. They were then allowed to alter their bid. Although

one-third of the sample did so, there was not a significant

difference between the initial and final bids. Several other

studies which tested for information bias did not detect its

existence.

Differences Between Compensating and Equivalent Measures

The interpretation of the empirical evidence on the difference

between compensating and equivalent measures of surplus is much more

unresolved. As described earlier, Willig has shown how bounds can

be derived for the percentage difference between the theoretically

correct measures of the welfare impact for market price changes --

compensating and equivalent variations -- and consumer surplus.

Theoretically, the differences are a result of the income effects of

the price change. The calculations of the bounds requires

information on the elasticity of demand for the good in the relevant

region and the proportion of the consumer's income spent on that

good. Brookshire etal. (1976) applied the Willig approach in

estimating one measure from the other.

Randall and Stoll later translated this concept of estimating

bounds on the differences between the compensating and equivalent

measures into commodity space. This approach is relevant when the

bundle of goods, rather than prices, changes. It requires

information on the price flexibility of income for the good, the

individual's income, and the proportion of income spent on the good.

In both price and commodity space the difference between the
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compensating and equivalent measures which bound consumer surplus

are generally expected to be rather small in most cases. Randall

and Stoll have pointed out that the situations where this does not

hold will likely include environmental commodities and human life.

More completely, this will be true when the quantity change is

large, the good is highly valued, or the amount a consumer would be

willing to spend to consume a given quantity of a commodity is high

and increasing as income increases. This latter effect is measured

as the price flexibility of income.

In addition to the expected larger income effects for the types

of commodities described above, there may also be other reasons for

a large difference between compensating and equivalent measures.

The differences due to income effects will be measurable under the

Willig/Randall and Stoll procedure but other effects will not be.

Other reasons for a difference between the two measures include the

effects from the differing property rights; the income constraint in

the WTP and lack of it in WTA; the presence of strategic behavior;

and protest votes due to objections with the bidding procedure.

Several CV studies have empirically measured the differences between

WTP and WTA responses (Hammack and Brown; Gordon and Knetsch; Bishop

and Heberlein; Rowe etal.; Brookshire, etal., 1980).

Hammack and Brown sought to empirically measure the difference

between compensating and equivalent measures in their CV application

to wetland and waterfowl resources. They found that the difference

between the compensated and equivalent measures was significant.

The WTA measure was over four times as large as the WTP measure.
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Cordon and Knetsch used data from a survey by Sinclair on the

WTP for preservation of fishing sites and the WTA to allow their

deterioration. The median WTP was $35 and the median WTA was $700.

They specified separate models for WTP and WTA and used regression

analysis to test the hypothesis that income effects are the complete

cause of this difference. They found that the regressions provided

no support for this hypothesis. Furthermore, the coefficient of the

income variable was nearly four times as large on the WTA responses

than for the WTP responses, indicating that income may be more of a

constraint on the WTA. Bishop and Reberlein found a similar

situation for the WTP and WTA of goose hunting permits. The average

WTA was $101. This compares to a WTP per permit of $21. They

suggest that WTP should be considered a lower bound and WTh on upper

bound on the true welfare measure.

Rowe, et al., collected both WTP and WTA responses for changes

in visibility due to industrial development. For each proposed

change, the equivalent and compensating surpluses were statistically

different. The authors suggested that a major reason for the

difference could be that respondents resented the compensating

surplus' WTA approach which implied they could be "bought off". In

fact, over one-half of their sample refused to cooperate with the

WTA question or gave a response of infinite compensation.

As in the Rowe, etal. study, Brookshire, etal. (1980)

directly asked a WTP and a WTA question. Their application was to

the right to hunt elk. After estimating the mean bid curves, the

authors applied Willig's technique, converted to commodity space by

Randall and Stoll, in order to test for differences between the



observed and derived compensating and equivalent measures using both

WTP and WTA. For WTP they found no significant difference. For

WTA, however, they did find a significant difference between the

observed compensating measure and the derived equivalent measure.

They also found that over half of the subjects refused to cooperate

with the WTA question.

Empirical evidence consistently shows a large difference

between the WTP and WTA responses. Given that respondents are

unaccustomed to receiving compensation for an increase in a

disainenity, the WTA response may tend to provoke a biased response.

This is consistent with the belief that in order to elicit an

unbiased response the bidding instrument must be realistic.

In summary, the standard theoretical concepts for analyzing the

economic value of nonmarket goods were briefly described in this

section. In addition, an attempt was made to review earlier CV

applications and the results of three broad areas were highlighted.

These areas are crosschecks of CV results with results from other

techniques, tests for survey biases and differences between

compensating and equivalent measures. The final conclusions

regarding the usefulness of CV results based on a comparison against

other techniques Is still a matter of judgement. For example,

Brookshire etal. (1982) were much more optimistic in interpreting

Bishop and Heberlein's results than the authors themselves. Many

studies have tested for various biases with mixed results. The Rowe

etal. study stands out as one in which several types of biases were

detected. However, Thayer has questioned the soundness of their

survey design. Although that issue is debatable, it is certain that
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a sound design is imperative. Soundness includes a commodity which

is well-defined and familar to respondents; an unbiased vehicle; and

a credible situation including linkages between commodity, vehicle,

and institutional setting. Past CV applications have consistently

shown WTA questions to yield many unuseable bids. In general, CV

with a WTP-type question can at least provide a rough estimate of

value which is certainly more useful than the alternative of no

information.
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HOUSEHOLD RESPONSES TO PUBLIC GOOD PROVISION, THE ROLE
OF CONTINGENT VALUATION AND THE CONCEPTUAL MODEL

Efficient Provision of a Public Good

35

The most efficient level of a public good or service is reached

when the marginal cost of providing the good or service is equal to

the marginal value to society or a community from consuming it.

Theoretically, the marginal value of a public good is derived by ver-

tical summation of individuals' demand curves to yield an aggregate

value curve since each unit of the good can be consumed by everyone.8!

Defining the efficient supply and pricing of public goods is

virtually impossible in application because of the difficulties in

determining the correct aggregate value curve. In reality, the

decisions regarding the optimal quantity and tax prices are made

disjointly in the political arena with information on economic eff i-

ciency being only one input into the decision-making process. A sub-

stantial body of economic literature exists on modeling this process

of collective choice (Deacon).

The purpose of this research is to investigate the behavioral

and attitudinal adjustments made by individuals, given an exogenous

quantity restriction of a public good, and not to explain the collec-

tive process which leads to the level of the restricted good.

8/ Bradford has argued that a total curve is the appropriate concept
over a marginal demand curve for an individual, as well, because (1)

individuals are most concerned with the total provided rather than
the relationship between the average expenditure per unit and the
level of provision, and (2) because demands for increases in public
goods are, many times, for increases in quality rather than quantity.
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Responses to a Nonoptimal Supply of a Public Good

Because individuals are restricted in their consumption of a

public good and required to pay a tax price established through

political processes, the majority of individuals are likely to demand

either more or less of the nonmarket good or service than that which

is provided. For a given tax price and level of provision, an indi-

vidual will be in one of three positions: exactly supplied, under-

supplied, or oversupplied. Figure 2 depicts these three situations.

In 2a, the individual is satisfied with both the quantity restriction

and his or her tax price. In 2b and 2c, the individual is dissatis-

fied. In 2b, the individual is undersupplied by the amount q1-q°.

In 2c, the individual is oversupplied by the amount q°-q2.

In the latter two cases, where an individual is in a disequilib-

rium position, three possible adaptions which he or she may make are:

(1) the purchase of private market goods which augment the restricted

public good, (2) psychological responses and (3) the participation in

political activities with the intent of affecting either or both the

tax price or the quantity provided of the public good. Of course,

these are not mutually exclusive and will be employed by an individual

in various combinations over the duration of a decision process. It

is beyond the scope of this research to comprehensively model the com-

plexities of human response, but the above adaptions will be described

in general terms.

Before discussing these responses in greater detail, it is inter-

esting to reflect on the possible nature of the process which occurs



Figure 2--Exact Supply, Undersupply arid Oversupply of a Public

Good.
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between the individual's perception of the quantity supplied and its

price in relation to wants and his or her response. The focus of

economics is on the behavioral response, more specifically, on market

buying and selling behavior. However, economics is based on a formal

development of the optimization processes which lead to market behav-

ior. The consumer is viewed as rationally maximizing utility--which

is strictly a theoretical concept and can not be measured. Con-

sequently, economic analysis generally begins at the point where a

market transaction is made and does not deal explicitly with the

relationship between the psychological state which precedes a market

transaction and the transaction itself.9! This state involves the

interaction of an individual's motives, expectations, and aspirations

with his or her environment. They shape the perception of reality as

well as the response to it. Katona refers to these variables as inter-

vening variables. He has incorporated these psychological variables

Into a model of consumer behavior.'0!

A relevant, yet controversial, body of sociological and

psychological literature Is that on the relationship between attitude

and behavior. Attitudes can be defined as the verbal expression of

an underlying psychological feeling or belief toward a particular

9/ Prominent economists sometimes do, however. For example, see
Arrow for a synthesis from across the behavioral sciences on the
issue of attitudes and choices.

10/ Based on his model, he has developed an Index of Consumer Senti-
ment which provides a summary measure of the changes In intervening
variables. The Index has proven useful in foreshadowing the changes
in standard economic indicators.
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object (Wicker). They contain both an affective, or emotional, com-

ponent and a cognitive, or rational, component (Andrews and MeKennell).

Behavior can be defined as one or a collection of observable responses.

Three comprehensive reviews of the literature have been done on this

subject (Tittle and Hill; Wicker; Ajzen and Fishbein). Tittle and

Hill reviewed 15 empirical studies and found that discrepancies be-

tween attitude and behavior which were detected were partially due to

the methodologies employed. They concluded that the degree of corre-

spondence was a function of the measurement technique, the complexity

of the behavior measure, and the extent to which the circumstances

were normal for the respondent. Six of the fifteen studies found a

high correlation between attitude and behavior. The methodologies

which tended to find a high degree of correlation were those using a

multi-item instrument, where the behavior was measured as a set of

acts, and where the respondent viewed the circumstances as normal.

Wicker's review article, based on 33 previous studies, was more

pessimistic than Tittle and Hill's. He found that attitude and behav-

ior were more likely not to be related than to be related. However,

he only reviewed a measure of correlation, generally product-moment;

and did not attempt to review and comment on the differences in meth-

odology which may have been responsible for the differences.

The most recent review article on the attitude-behavior rela-

tionship was by Ajzen and Fishbein. They show that attitudes and

behaviors have been found to be related when there is correspondence

between their basic elements. These elements consist of the action,
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the target at which the action is directed, the time at which it is

performed, and the context in which the action is performed. Con-

sistency of the action and the target is particularly important for

a high degree of correspondence between attitude and behavior.

The exact degree of correspondence between attitude and behavior

is yet to be determined. Most researchers would agree that other fac-

tors, internal and external to the individual, need to be taken into

account. Although the degree of consistency between attitudes and

behaviors is not firmly established, the issues surrounding and the

progress made in understanding that research question are very rele-

vant to the economic literature on contingent valuation. First, it

may provide information useful for improving the design of the CV

survey question. Moreover, it is relevant to this research because

of the focus on the relationship between satisfaction and CV responses.

Satisfaction is an attitude, which evidence suggests involves a larger

ratio of cognition to affect than many other verbal expressions' of

well-being and which tends to tap more negative than positive affects

(Andrews and McKennell). The contingent valuation response is not a

true behavior, but in this research it is viewed as a verbal expres-

sion of an intended, or potential, behavior. Consequently, research

on attitude-behavior consistency has some relevance to research on

the relationship between satisfaction and CV responses. The discus-

sion on responses to a restricted level of a public good will now

continue.
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Private Market Responses -

In some situations, an individual who is oversupplied or under-

supplied with a nonmarket good can make adjustments in his or her

consumption of private market goods in order to increase his or her

level of utility, given the quantity restriction. To see this, a

simple model will be described for the case where the nonmarket

input Is restricted and for the case where It Is not. In addition,

it will be shown how the household production model can be related

to the standard consumption model.

The unit of analysis will be viewed as a household rather than

an individual since that is the more realistic consumption unit.

The basic idea of the simple model developed here Is that nonmarket

and market goods do not directly yield the household utility. Rather,

they are inputs, along with household labor, into the production of

commodities or service flows which are direct arguments in a house-

hold's utility function. For example, personal security is a direct

argument in a household's utility function and the crime rate, a non-

market good (which in turn is influenced by several factors including

the size of the local police force), is an input into the production

of personal security for the household. Personal victimization can

also be considered as a "nonmarket bad" input into the production of

security. Similarly for healthy air, the level of the nonmarket bad,

pollutants in the air, is an input into the household's production

of healthy air. This idea is conceptually identical to the household

production function model. However, the model described here is in-



complete in that it is focused on the production of one commodity and

not on the household maximization of utility from all commodities.

Market inputs can be substitutes for the nonmarket good but they

may also have a complementary relationship to the nonmarket good. The

availability and contribution of market inputs to the production of

a household commodity varies by the type of commodity. For example,

households have a greater number of market inputs available for the

production of household safety than they do for clean air. Other

market goods which can be viewed as an expense resulting from the

level of the nonmarket input are defined as defensive expenditures.

These are the costs incurred because of negative externalities, such

as health expenses from pollution-induced ailments or house repair

bills from damage due to a burglary.

If the availability of nonmarket inputs were not fixed, economic

theory would define the optimal allocation between nonmarket and mar-

ket inputs at the point where the ratio of the marginal product of a

nonmarket good to its price is equated with the ratio of the marginal

product of a market good to its price for all goods:

MPq1 MPq

Pq1 - ____
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S S ,fl

where qj - public good

- private goods j 2, ...n

MPq1 - marginal product of qj - service flow! q1

and Pq - price of qj I - 1, ..,n
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However, the quantity of the nonmarket input available to the

household is generally fixed, at least in the short-run)-1! In that

case, households would optimize in their use of other Inputs, given

the restriction. The quantity of market Inputs and household labor

used in producing a service flow can be expected to vary across house-

holds. This is due to the variation In household income and tastes,

price of Inputs and the production technology for the commodity.

The production function for a final service flowZ with a fixed

nonmarket input can be represented as:

f(qO, K, L)

where: q°- fixed quantity of nonmarket input

K - market inputs

L - household labor.

With a fixed quantity of a public good the substitution of .K for L

along any level curve Z is determined by the production technology

employed In the household. In order to show the role played by

household income and the price of Inputs, the budget constraint can

be expressed as:

Pq q° > + PLL

where: yO - the household income allocated to Z

Pq Y'
- price of q0, K, and L, respectively.

11/ For the commodities considered here, safety from cri'ie and air

quality, in the long run, households could always relocate to other

neighborhoods in order to realize a different level of the nonmarket

input.
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The slope of the budget constraint equals pK/pT and Is equal to the

slope of a level curve Z at the point of tangency. This tangency

point represents the optimal allocation of K and L in the production

of commodity Z with a given quantity of a nonmarket good and given

the optimal allocation among commodities. The Input demands for K

and L will be a function of the price of Z, the price of K and L, and

the fixed quantity of the nonmarket good q°. The price of q0 does not

enter the input demand curves, however.

It is of interest to note that under some assumptions, the house-

hold production model can also be expressed through consumption theory.

To see this, assume that household utility is a function of the final

service flow of interest, Z1, and all other commodities, Z2:

U = U(Z1, Z2)

and If the Z11s (I = 1, 2) are produced nonjointly so that each

private and public good enters the production of only one final

service flow:

Z1 = Z1 (qi, q2)

= Z2 (qj) i = 3, ..., n

where qj is a public good and q2 to q are private goods, then a

weakly separable utility function can be specified as (Deaton and

Mueflbauer):

U = ULZj(qj, q2); Z2(qj)] I = 3, ..., n

In this form, the relationship between the nonmarket and market

goods, q1 and q2, can be expressed as the household's marginal rate
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of substitution for q1 and q2 in the conventional utility framework

(Freeman). From the theory of consumer behavior it is known that

the marginal rate of substitution of qj for q2 is equal to the ratio

of their prices when utility is maximized.

Psychological Responses

Utility is a theoretical construct of a psychological state which

contains information about underlying personal preferences. If indi-

viduals are not in an equilibrium position with respect to their pre-

ferences for a restricted public good, at least two psychological

responses (or nonresponse) are possible. (1) An individual may alter

his or her underlying personal preferences so that a state of equilib-

rium is reached. (2) Or an individual may maintain those preferences,

remain in a state of disequilibrium and, hence, attain a lower level

of utility than he or she would in an equilibrium position. Because

it is impossible to measure utility, the economic discipline does not

generally address the topic at this level.

There is other research with some relevance to the topic of

psychological responses outside of formal economic theory. This

literature utilizes concepts which are only loosely associated with

the economic paradigm of utility and, furthermore, the association

can only be presumed. The major concept of this literature, and

whose relationship to CV responses Is of focus in this research, is

satisfaction. As mentioned previously, satisfaction is an attitude

and is measured on numerous scales through survey instruments. The
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interpretation of satisfaction responses in an economic context is

difficult because it is not clear on what level the respondent is

formulating that response. This issue relates to the affective and

cognitive components of satisfaction. For example, it is not clear

if a satisfaction response is formulated before, during or after the

optimizing behavior of the economist's model. This problem of inter-

pretation is intensified when the cognitive and affective proportions

of the response vary across individuals.

Most of the research utilizing the satisfaction concept is de-

signed to explain the variation in satisfaction responses by personal

attributes and objective indicators of the object of interest. Among

other things, these vary by the level of aggregation (Individual or

community) and the object of interest (Including a local service and

overall satisfaction). Stevens has used this type of a model to

determine the relationship between subjective satisfaction, personal

attributes, and objective measures for the two goods of interest in

this study, public safety and air quality (1982a). For public safety,

personal attributes and objective measures accounted for 17 percent of

the variation In subjective satisfaction. When interaction terms were

included, this increased to 28 percent. For air quality, 18 percent

of the variation in satisfaction was explained by objective indicators

and personal attributes, without the addition of the interaction terms.

Mason and Faulkenberry have developed a model which defines

satisfaction as a function of relative differences between aspira-

tions and achievement. Aspirations refer to a goal, irregardless
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of its likelihood of occurrence; and achievements refer to-the state

actually realized. Highly satisfied individuals will have little or

no differences between their aspirations and achievements. The con-

verse is true for individuals who are highly dissatisfied. In addi-

tion, general trends of satisfaction with the quality of different

domains of life are expected to occur within demographic groups.

They applied this model to 1974 survey data of Oregon residents.

The effects of age, sex and income on the satisfaction were found to

occur through different processes for the different domains and inde-

pendent variables. This research is of special interest because it

recognizes the role played by aspirations. Another relevant concept

is that of expectations. Expectations differ from aspirations in

that they involve consideration of the likelihood of occurrence or a

rational prediction of a future state (Campbell, Converse and Rodgers).

Aspirations and expectations are obviously related to an individual's

preference structure; again, however, direct relationships to utility

can not be defined.

Absent from the literature is research which attempts to measure

and explain satisfaction as a dynamic process. Such research would be

of interest in explaining the psychological responses to a change in

the public good, if satisfaction could be measured at two points in

time, before and after a change in the good. This type of research

is currently in progress using an Oregon sample.
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Political Responses -

Political responses to the level of a public good which is pro-

vided may Include voting, lobbying and donating time and/or money to

political campaigns. Unlike psychological responses and changes in

the consumption of related private market goods, the goal of political

responses may be to alter the level of the public good provided at a

cost to the household. Breton has developed an economic model which

incorporates political activities into a model of household behavior.

The significant difference between model which includes poli-

tical responses and one that does not is that the tax price of the

public good and the level of provision are no longer exogenous if

the household's political participation can affect those levels. The

degree of political participation of the household will be influenced

by the expected net returns from various types of adjustments, includ-

ing political involvement, and by whether the household is oversup-

plied or undersupplied with the public good. If the household's

expected net return from political activities is less than zero, they

would not engage in political activities. If a household has a posi-

tive expected net return from political activities but is undersupplied

(as in Figure 2b), they will engage only in activities which will

increase the quantity and not those which will increase their tax price;

although an increase in the quantity supplied may lead to an increase

in their tax price. However, if the expected net return were greater

than zero and they were oversupplied with the public good (as in

Figure 2c), they would engage in a political activity or combination
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of activities which yielded the greatest expected net return by affect-

ing either or both a decrease In quantity and a decrease in the tax

price.

The Role of Contingent Valuation

A major point to be made from the basic household model developed

earlier is that, although the optimization process with its implicit

valuation occurs within the household unit, valuation of the nonmarket

goods is not directly observable. Compensating and equivalent sur-

pluses are the appropriate valuation measures for a quantity restric-

tion. The contingent valuation technique is one way to estimate

these values. The willingness-to-pay and accept contingent valuation

responses for a change in a nonmarket good yield equivalent and com-

pensating measures, respectively. A formal expression for a CV

response can most directly be derived from the expenditure function

defined previously. A useful property of the expenditure function Is

that Its derivative with respect to a nonmarket good yields the com-

pensated inverse demand function or marginal willingness-to-pay or

accept for the nonmarket good, qj:

= (Pj, q, 1Y I = 1, ...,n

Appendix B further develops this expression by including private

market goods related to the nonmarket goods in the model. Alterna-

tively, an expression for the CV response can also be derived through

the primal utility maximization approach (Brookshire, etal., 1982).



12/ Unless of course, one disputes the correctness of the whole of
welfare economics.
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Crosscheck of Contingent Valuation

As mentioned previously, the theoretical correctness of CV can

not be disputed.'2! However, the ability of a survey instrument to

elicit an unbiased response is still a matter of some question. For

this reason, it is important to compare the intended, or potential,

behavior implied by the CV response to measures of market behavior

which can be expected to have a certain relationship to the willing-

ness-to-pay or accept response. Most of the techniques for estimat-

ing nonniarket benefits are based on the assumption of a specific

relationship between the nonniarket and market good. These techniques

and the relationship on which they are based were described in the

introduction.

Substitute-Based Crosscheck. One technique of some relevance to

this research is that based on the assumption of the market and non-

market goods being perfect substitutes. Although there are no perfect

substitutes for the two commodities of interest, estimates based on

this approach can be compared to CV estimates for safety from crime if

the substitute relationship between safety and market goods is known.

Although households may purchase air filters, in effect, there are no

real market substitutes for good air quality. The perfect substitute-

based estimates can be expected to provide underestimates of the bene-

fits and, hence, be less than the CV estimates. This approach will

now be described in more detail.
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Màler has shown that the marginal willingness to pay for a non-

market good can be expressed as -p MRS, where Pj equals the price
1

of the market substitute and MRS is the marginal rate of substitution

between market and nonmarket goods. Freeman has elaborated on Näler's

model of the substitute-based technique by assuming utility to be weak-

ly separable and written as:

-p 0 P -i/P
U U [(c q + (1-c) q ) , u (q)1

i 1

q = the nonmarket good

where qj = market goods i = 2,..,K for 2<K<N

qj = market goods j K + l,...,N

Then the marginal rate of substitution of q1° and q1 is expressed as:

_E._
MRS 1-c (q/q1)

C 1/cr

MRS = i (q°/qj)

where i = 2,...,K and = the elasticity of substitution.

Under the assumption of perfect substitutability, the elasticity

of substitution is infinite and the marginal rate of substitution re-

duces to:

C
MRS = (i)

which can be defined as the subtitution ratio between market and non-
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market goods. Although the problem of identifying the subtitution

ratio remains, rough estimates of a range of substitution ratios may

be available from data on relevant individual private market behavior.

For example, the ratio of dead bolt locks to the crime rate would

provide an estimate of this substitution ratio. This ratio can then

be substituted directly into Mäler's original formulation to yield an

estimate of the marginal willingness-to-pay. Of course, the accuracy

of this approach hinges on the accuracy of the estimation of the mar-

ginal rate of substitution.

Loss-Based Crosscheck. The level of a nonmarket good many times

is associated with separate gross amenities and gross disamenities,

or losses. A change in the level of that nonmarket good results in a

change in both amenities and losses, where amenities do not include

the savings in losses. (That would be double counting). A measure

of benefits should account for changes in both components. For ex-

ample, for a change in a nonmarket good which resulted in a decrease

in losses and an increase in amenities, a full accounting of benefits

would include valuation of the changes In the amenities and of the

foregone losses. CV attempts to capture the full range of benefits.

One Intuitively appealing approach to crosschecking CV is to

compare Its results to a measure of the gross disamenities or actual

dollar losses incurred from the level of the nonmarket good. Many

times losses can be more readily quantified. The willingness-to-pay

for an Increase in a good would be expected to be equal to or greater
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than the savings from the resulting foregone losses. Thisapproach

of measuring foregone losses is actually the one on which many health

and safety regulations are based.

Of course, the difficulty of using losses as a crosscheck on CV

arises from the problem of specifying the relationship between the

level of the nonmarket good and the quantity and value of losses.

One simplistic framework for comparing the CV response to losses would

be based on the assumptions that (1) the households have knowledge of

losses and risks of losses, (2) the marginal damage from the level of

the nonmarket good is constant over the range of the nonmarket good

and (3) other outlets for influencing the level of the nonmarket good

or for providing substitutes for the good are not effective. The

relationship between the WTP for an increase in a nonmarket good which

is associated with an increase in an amenity and a decrease in a loss

would then be expected to be greater than the expected value of the

foregone losses. This relationship can be expressed as:

WTP > (probability) (loss) (change)

where probability = the probability of incurring a loss

loss = the average loss incurred by those experiencing

a loss

change = the hypothetical percent decrease In the loss.

However, because of the stringency of the assumptions, this

approach should viewed as a rather weak crosscheck.
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Conceptual Model of Contingent Valuation and Satisfaction

In addition to the application of contingent valuation to two non-

market goods and comparison to estimates derived from other techniques,

another major purpose of this research is to evaluate the relationship

between the responses elicited through (1) contingent valuation, a

potential, or intended, behavior and (2) satisfaction, an attitude.

Many of the factors affecting the contingent valuation responses are

expected to affect the satisfaction responses. These factors will be

categorized and described in a general fashion below. Precise defini-

tions of the variables and their hypothesized relationships to the

endogenous variables are provided along with the specification of the

air quality and safety from crime models.

These factors include socioeconomic characteristics of the

individual household and other indicators of the household's demand

and vulnerability, such as to crime and pollution.

In addition, the joint dependent variables of willingness-to-pay

and satisfaction are also affected by the quantity of the noninarket

good currently available. These factors will be referred to as objec-

tive indicators. For air quality, they measure the total suspended

particulates (TSP) for a geographic area. Previous studies indicate

that TSP may be a good proxy variable for air pollution (Liu and Yu).

Moreover, TSP is the most commonly measured pollutant. For public

safety from crime, the crime rate in the city, town or rural area of

a county serves as the best objective indicator of safety. This

research is limited to safety from property crimes because attitudes
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and intended behavior regarding crimes against persons will likely

evoke more emotional responses. It is Impossible to totally separate

the fear of personal attack from the fear of property loss, however.

In addition, another justification for focusing on property crimes

only is that there is no easy way to compute a meaningful crime rate

which combines personal and property crimes, and property crimes occur

more frequently. All objective indicators are deficient in that they

aggregate over dissimilar areas. This aggregation issue is explored

below.

Another important set of factors which are relevant to the model

are those described earlier as adaptions (private market, psychological

and political) to the restricted level of a public good. Only private

market adaptations will be considered here. The major reason for focus-

ing on market goods is because of the importance of their relationship

with nonmarket goods in nonmarket benefit estimation techniques. They

may contain important information about the preferences for nonmarket

goods. Psychological adaptions are not included here because they

involve the process of changing ones expectations or aspirations and

their measurement would involve unavailable data on the differences

between two psychological states for the respondents in the sample.

Of course, satisfaction is a psychological state In itself, but it

is measured in a static sense. Political responses are not included

for the pragmatic reason of limiting the research question and because

individuals may be politically active because they gain utility from



56

that activity over and above what they gain from influencing the level

of the nonmarket good.

A final set of factors which affects both willingness-to-pay and

satisfaction are those which measure losses incurred by the individual

household. The distinction between this set of variables and the

objective indicators set is based on the level of aggregation.13! As

mentioned, an objective indicator masks any variation within the area

because it is a measure of central tendency. The variation it masks

is a combination of two factors which are evident at the household

level. First, the true level of the disamenity is variable within

the geographic unit. This is an unavoidable measurement error. Sec-

ond, for an actual fixed level of the disamenity, there is variation

among households in their degree of vulnerability. For these reasons,

the objective indicators and measures of losses are not redundant sets

of factors affecting the dependent variable.

In household safety, for example, the objective measure of the

number of burglaries and thefts per 1,000 residents of a community

provides a measure of risk constant for all households in the community.

But losses will not be constant. For those within the community who

are victimized, their losses will be positive in comparison to those

who are not victimized (aside from the effects of externalities).

A similar example can be made for air quality. The objective

indicator of TSP is a community indicator of the air quality and can

13! The two sets of factors may be related in the sense that the sum
of losses for a community is a function of the objective indicators.
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be used to derive a damage function for air pollution for areas with

different TSP levels. However, individuals within the geographic

area in which the level of TSP is measured will suffer different

losses. These losses will vary not only because of the masked true

variability of TSP but because individuals vary in their vulnerability

to air pollution. Hayf ever sufferers are probably the most common ex-

ample of this point.

As mentioned, these four sets of factors are hypothesized to

affect both satisfaction and contingent valuation responses. Satis-

faction and CV are both concerned with capturing information about

preferences. One important difference between them is that contingent

valuation is a constrained expression of preferences since it involves

the household's budget constraint, although income is hypothesized to

be related to both. Because the psychological state of satisfaction

is an attitude and is expected to be linked to a predisposition towards

behavior, it is hypothesized to affect the CV response as well. Since

behavior is assumed not to influence attitudes, the CV response is not

hypothesized to affect satisfaction. These hypothesized relationships

specify a recursive system because the endogenous variables, contingent

valuation and satisfaction, are determined sequentially.

This can be written as:

Sat = f (SES, Obj, Market, Loss)

WTP/A = f (Sat, SES, Obj, Market, Loss)

where Sat = Satisfaction with nonmarket good



WTP/A = The willingness-to-pay or accept response -

SES = Immutable household characteristics

Obj Objective indicators of the nonmarket good

Market = Market purchases related to the nonmarket good

Loss = Losses incurred as a result of disainenity

Like any model, this is a simple abstraction from reality. The

process is actually much more complex. For example, because market

adaptions are a type of behavior they will likely be affected by

satisfaction, an attitude. In addition, market adaptions will affect

and be affected by losses. Household decisions regarding market adap-

tions and other responses occur in a dynamic process. Households were

surveyed and data collected at one undefined point in the dynamic pro-

cess of each household's decision-making. The endogenous variables

were measured for the time of the interview but the market adaptions

were measured for the past and losses were arbitrarily measured for

the preceding year. Because of the nature of the data, the complexi-

ties of modeling human responses and the focus of the research on

contingent valuation and its relationship to satisfaction, the simple

recursive model is viewed as most appropriate. Empirical estimates

of this model will be presented after the sample design and survey are

described.
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SURVEY AND SANPLE DESCRIPTION

This research is an addition to a project on the dynamics of

satisfaction with selected public services in rapid growth communi-

ties (Stevens, 1982b). That parent research project was funded by

the Western Rural Development Center. Its major purpose is to

determine how (dis)satisfied people are in rapid growth communities

with local public services, what determines that (dis)satisfaction

and how residents respond to dissatisfaction. Research on these

questions is currently in progress.

WTP and WTA Questions

Data were collected in a face-to-face interview of noninstitu-

tionalized household heads 18 years old or more. The survey instru-

ment required only a few additions in order to collect the data

needed for the CV research project because of the compleintarity of

the CV research and the original proposed research. The WTP and WTA

questions for air quality and safety from crime re the major addi-

tion. For both of the goods, a household was asked either, but not

both, a WTP or a WTA question. The safety question informed the

respondent of the risk from burglary in his or her area.14/ The air

quality CV question required a preceding question to determine if the

respondent felt air pollution was worse some days than others. The

14/ The risk from burglary was measured as the probability of burglary
per household (rather than per capita) over the three-year period
1979-81 for the local police or sheriff jurisdiction.
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purpose of this question was to aid the respondent in having a mental

tabulation of the air quality situation in his or her area in mind

before he or she responded to the WTP or WTA question. This was be-

lieved to be necessary because, unlike the CV question for household

safety, inclusion of an objective measure of air quality would likely

be meaningless to the respondent.

The CV questions were the most complex questions of the survey.

The exact wording of the CV questions are provided in Appendix C.

The questions specified the vehicle of payment, the distribution of

costs and the hypothetical process for changing the levels of the

local good. The vehicle can be described as a generic tax. The type

of tax was not specified in order to minimize biased responses result-

ing from the type of vehicle chosen. The respondent was also told

that each household would pay or receive the average of the amounts

specified by a large number of households through a change in their

taxes. This information was believed to prevent the respondent from

engaging in strategic behavior which would bias the bid. A hypothet-

ical situation was then described which linked the change in tax

revenues to the change in the production process of the public good

which would lead to a specified change in the level of the public

good from the current level. For air quality, the production process

was specified as a change in the management of air qualify regulations

and the percent change in air quality was specified as a 50 percent

change in pollution from the current levels. For household safety,

the production process was specified as a change in the police force
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and the percent change in safety was specified as a 33 percent change

in the risk of burglary from the current levels. As mentioned, each

respondent was given a measure of their current risk from burglary

which was based on their local 1980-1982 property crime rates. As

with all CV qestions, these questions could both be susceptible to

hypothetical bias and, Indeed, some respondents expressed their doubts

during the interview about whether improvements in the police force

would improve their safety. However, there is no adequate test of the

existence of hypothetical bias.

After the respondent was provided with this information, the

bidding process began. First, the respondent was handed a card with

four ranges of bids and asked to identify the appropriate range of

bids. For WTP, this was the largest amount he or she would pay and

for WTA it was the smallest amount he or she would receive. The

respondent was then queried about paying or receiving the median

value of the range he or she specified, and based on that response

was queried about moving up or down a series of bids.

Data Collection and Sampling

The survey instrument was developed in the fall of 1982 and

pretested in December 1982. The results of the pretest supported

the suspicion that WTA questions result In nre missing responses

than do WTP questions. Therefore, out of the proposed 800 final

questionnaires, only 100 included a WTA version of the question for

air quality and 100 for household safety. The survey was conducted
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in January 1983 and 403 surveys were completed in each of the sampled

states, Oregon and Colorado.

The sampling scheme varied by state. Four counties were sampled

in each state. In Oregon, an attempt was made to sample diverse coun-

ties. These were chosen on the basis of their recent population

growth, air quality levels and crime rates. In Colorado, diversity

was not a priority but there was an interest in sampling in the iso-

lated western part of the state which was experiencing rapid growth

from energy resource development. The plan to determine sampling

rates also varied by state. In Oregon, an attempt was made to maximize

the variation in the burglary rate through the use of a statistically

rigorous sampling formula. In Colorado, the sampling was proportional

to the population.

Within counties, households were randomly chosen based on an area

probability sample. Under this procedure, counties are subdivided

into numbered geographic blocks of approximately equal population

size and the blocks are serially listed. Ten percent of the blocks

were randomly drawn for physical listing based on a table of random

numbers. Dwelling unit intervals were computed and households se-

lected at random. No more than two households per block were sam-

pled. The interviewing was done under contract by private firms in

each state. Interviewers were assigned specific households to contact

and were required to meet specific sex and age quotas for respondents

interviewed. If an eligible householder was not at home, at least two

cailbacks were made. The response rate in Oregon was 81 percent and



in Colorado it was 75 percent. If an eligible householder was still

not at home at the last callback or refused to be interviewed then

another household was randomly chosen for substitution from the same

geographic block. By mid-July 1983, the editing, coding and checking

had been completed by the employees of the Survey Research Center at

Oregon State University.

Appendix D provides the formula for the sampling scheme in

Oregon and the number of interviews in each city, town, or rural

part of the county for both states.

Survey Bias

In the previous section the various biases in earlier CV applica-

tions were discussed. These biases were starting point, strategic,

vehicle and information biases. In order to avoid starting point

bias, the CV question in this research began by asking the respondents

to, in effect, choose their own starting point. Since respondents were

not given a starting point, starting point bias is assumed not to be a

problem. Tests for other potential biases cannot be conducted, however,

because the complete sample was asked the same types of contingent valu-

ation questions.

Enumerator bias was tested by Including dummy variables for the

enumerators in the WTP models, along with the other independent vari-

ables. In the air quality model for Oregon, four of these dummy vari-

ables were larger and statistically significant at the 5% level. In

the Colorado air quality model, two of these variables were significant.
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These results suggest that enumerator bias may be a problem. However,

another plausible explanation for the significance of these variables

Is that an important regional variable, such as TSP, is not adequately

measured in the area in which the enumerators interviewed. Similarly,

an important regional variable may have been omitted from the model

and its effect captured by the enumerator dummy. That is, because the

enumerator dummy variables are regional variables, their significance

may be capturing a structural difference In preferences from respond-

ents in other areas. These. alternative explanations are supported by

the fact that all three of the enumerator dummy variables for Jackson

county were significant at the 10% level.

Early models were tested without the cases collected by the

enumerators who are suspected to have elicited biased bids. These

results did not show major differences in the model or the signif I-

cant variables from the results with all the cases. . For this reason,

the analysis was continued using all cases without missing data.

The household safety model with enumerator dummy variables did

not show any dummy variables to be significant.



RESULTS OF THE AIR QUALITY ANALYSIS

The willingness-to-pay bid for a 50 percent reduction in air

pollution ranged from zero to $390.00 annually. The mean willing-

ness-to-pay bid was $26.27. For willingness-to-accept a 50 percent

increase in air pollution, the bid ranged from $4.10 to $1,000.15!

The mean WTA bid was $147.02 and the median was $72.50. The range,

mean and median bids by state are presented in Table 1.

As mentioned previously, the concepts of compensating and equi-

valent surpluses are, theoretically, expected to differ only "slightly"

as a result of income effects in most situations. Willingness-to-pay

arid willingness-to-accept are used to measure these concepts and the

empirical evidence has not supported the theory. Consequently, the

question regarding the difference between WTP and WTA was identified as

one focal point in this research effort. The results of this research

are consistent with the other empirical work on the question. The WTA

bid was over 3 1/2 tImes greater than the WTP bid in OregonJ6/ Bishop

and Heberlein found WTA to be almost 5 times as great and Cordon and

Knetsch found WTA to be 20 times as great as WTP. The WTA bidding pro-

cess is not only a very difficult concept for both the enumerator and

15/ During editing, problems became evident in the WTA responses.
Some respondents (N=19) indicated a minimum WTA of 0-$5 after they
indicated that they would not accept $5-b and other greater amounts
of compensation. These respondents likely meant they would not be
willing to "trade" at all and a more accurate coding of that response
would have been a very large amount or infinity. Because of the
obvious confusion, these bids and three other very low bids ($2.50
or less) were coded as missing. The mean WTA bid with these bids
included was $108.03.

16/ The WTA bids were elicited only in Oregon.
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1/ WTA bids were elicited only in Oregon.
2/ The $1000 bid was coded and used in

analyses as $999.
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Table 1--Summary Statistics of WTP and WTA Bids for..
a Change in Air Quality, by State.

Bid Total Oregon : Colorado

WTPAO
Mean $26.67 $40.18 $18.42
Median 0 $12.50 0
Range O-$390 O-$390 0-$390
n 624 225 399

WTAAQ1/
Mean $147.02
Median $72.50
Range $4.1O_10002/
n 46



the respondent to grasp but, unlike the WTP bid, it is not ëonstrained
by the respondent's budget. Because of these issues, the rest of the

analysis on crosschecking the CV response and on estimating the recur-

sive ndel will focu8 on the WTP responses. The differences between

the WTP and WTA responses will be compared between the two areas of

application, air quality and public safety, in a later section.

Crosscheck of CV

The only market substitute for ambient air quality is a household

air filter. An air filter is a very poor substitute and, of course,

completely ineffective outside the home. A crosscheck defined as a

comparison of CV responses to a substitution-based techniques is mean-

ing less .17/

An election was held in Oregon several nnths before the survey

was conducted and one of the ballot measures was for decreasing property

taxes. Although this was a general tax issue, It is still of interest

to know that there was a statistically significant (p<.05) difference

between the mean bids of those who said they voted for the tax decrease

and those who said they voted against it, $29.22 and $48.57, respective-

ly. This evidence from actual voting behavior, lends some support to

the validity of CV. A measure which would have effectively lowered tax

17/ the Mäler-Freeman approach described earlier was applied with
the substitute defined as a household air filter, the nonniarket good
as the TSP measured at the nearest monitoring site and the price of
the filter as an annual price. The results were as expected, WTP was
grossly underestimated by the benefits measured with the filter data.
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bills was also on the ballot in Colorado. However, no statistically

significant difference was found between the bids.

A benefit estimation technique with more realistic assumptions

for providing a suitable crosscheck to CV Is the hedonic approach

using market data on home sales. The quality of the air is a factor

in determining housing prices of an area, although its degree of

importance varies. Those who experience extreme disutility from

the quality of the air may move to a new location. As was reported

earlier, Brookshire, etal., (1982) used the hedonic technique as a

crosscheck on CV applied to air quality.18!

A simpler and weaker crosscheck on CV which will be reported

here is based on the losses incurred as a result of poor air quality.

An expression for the expected relationship between air quality and

losses was presented earlier. Because CV Is believed to estimate

the full range of benefits from an improvement in quality, including

foregone losses, it is hypothesized to be greater than losses incur-

red. By far, the most significant loss to the household from poor

air quality is from adverse health effects.

Poor air quality likely has negative impacts on health in ways

that cannot readily be detected nor separated from other impacts.

The risk to most is unknown. Furthermore, for the minority who are

18/ The CV estimates of this sample will also be compared to the
hedonic estimates and those results will be reported in the future.
In contrast to the Brookshire, etal., study, the data necessary for
the hedonic techniques were collected from the same sample from which
the CV responses were collected.
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clearly aware of the risks, they or household members have èuffered

health losses. Many times, the health losses due to poor air quality

are a result of complications to an existing respiratory condition.

The point is that there is a threshold effect in the perception of a

risk whose true distribution is unknown. The implication of this for

calculating losses for comparison to Cv is that the probability of a

loss can effectively take on a value of 0 or 1. Perceptions of risk

are important for the purpose of crosschecking with the Cv approach.

The expected loss with a dichotomous probability simply equals the sum

of losses.

Because health losses are underestimated by medical expenses and

because health losses are just one component of total losses from poor

air quality, the WTP response is hypothesized to be greater than the

losses due to medical expenses.'9! This relationship between CV and

losses can be expressed as:

WTP > (Loss) (Change)

where WTP = The mean willingness-to-pay for a 50% reductIon

in air pollution

Loss Mean annual medical expense for those requiring

physican care as a result of poor air quality

Change = Hypothetical percent decrease in pollution

The relationship between WTP and loss was found to be that which

was expected. The mean WTP for a 50 percent reduction, $26.67, was

19/ See Appendix B for a complete explanation of the measurement of
medical losses.

69



significantly larger than the expected loss computed from tbe afore-

mentioned formula of $10.68. It should be noted that the exact rela-

tionship between reduction in air pollution and health expenses is

uncertain. Previous research results are mixed on this issue. Liu

and Yu found the percentage reduction in morbidity costs was less

than the percent reduction in TSP levels. The reverse was true when

they estimated morbidity costs from sulfur dioxides. Lave and Seskin

found an opposite relationship to hold for sulfur dioxide. This ques-

tion is a biological question and when it is fully understood that

information can be used to validate the CV technique. However, it

is the respondent's perception of this relationship which is implied

above in the comparison between WTP and losses. How closely that per-

ception resembles the true technical relationship is unimportant for

comparing the WTP response to losses for consistency.

Another test of the relationship between WTP and health losses

is by the comparison of the mean WTP for those who incurred health

expenses to the mean WTP for those who did not incur health expenses.

As expected, the mean WTP for reductions in air pollution is greater

for those who incurred health expenses from pollution than for those

who did not, $77.06 compared to $21.75. This difference is statis-

tically significant based on a t-test of the difference in means

between the two groups.20/ Overall, the above comparisons should

be considered weak crosschecks on the CV response.

20/ Statistical significance here and, unless otherwise noted, in
the rest of this dissertation refers to significance at the 5 percent
level.



Estimation of Recursive Model

The general recursive model described earlier is applied to air

quality and is written as:

SATAQ = f (AGE, INCOME, FILTER, HEALTH, TSP).

WTPAQ = f (SATAQ, AGE, INCOME, FILTER, HEALTH, TSP).

where

WTPAQ = Willingness-to-pay for a reduction in air pollution

of 50 percent.

SATAQ = Satisfaction with present air quality

AGE = Age of respondent

INCOME = 1982 gross household income

FILTER Annual real cost of air filter

HEALTH = Health expenses due to poor air quality in 1982

TSP = Total suspended particulates

The mean values of each of the above variables are presented in

Appendix E, Table E.l. This table is accompanied by notes on the

measurement of the variables.

The expected relationship of the independent variables with the

dependent variables differs between equations, and in some cases is

not clear. The expected relationship AGE has to satisfaction is one

example. Older people may be more bothered by chronic illness from

poor air quality than younger people but they may also have lower

expectations than younger people. For these reasons, the relation-

ship between age and WTP is also unclear. INCOME is expected to be
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positively related to both satisfaction and WTP because higher-income

people have more "market power" which brings more flexibility to move

or purchase air filters or to pay increased taxes. That increased

flexibility is expected to affect attitudes and behavior. HEALTH

and TSP are expected to be negatively related to satisfaction and

positively related to WTP. Filters are considered as a substitute for

good air quality and therefore could be expected to have a negative

relationship to WTP. On the other hand, they are such poor substitutes

for good air quality, that they may be an additional indicator of dis-

satisfaction or health losses and, hence, be positively related to WTP.

The relationship of satisfaction and WTP is of special interest. More

satisfied individuals may be optimally supplied with good air quality

and a negative relationship would be expected. Dissatisfied individ-

uals may be either undersupplied or oversupplied and a case may be made

for a relationship between satisfaction and WTP in either direction.

However, it is hard to conceive of an individual feeling oversupplied

because people generally feel that the property rlght8 to clean air

belong to them. For this reason, a negative relationship is expected.

Further mention will be made of these relationships as the results are

presented.

The model for air quality was estimated separately for each state

because the most commonly reported measure of pollution, TSP, may lack

comparability for particulates from different sources. Appendix E

elaborates on this issue. It should also be noted that the sample

sizes differ for estimation of the WTP and satisfaction equations.



Cases were included for each equation if there were no missing data

for that equation separately, rather than for the complete model.

The results of the estimation of the satisfaction equation will be

presented first.

Satisfaction Estimates

Ordinary Least Squares (OLS) was used to estimate the first equa-

tion of the system with satisfaction with air quality as the dependent

variable. The estimated residuals closely followed a normal distribu-

tion, especially those for the Oregon model. Several transformations

of the model were made, including natural logarithms, squaring, and

square roots of the dependent variable alone and for both the dependent

and independent variables. None of the transformations significantly

improved the fit; thus the results reported here are based on an anal-

ysis of untransformed data. Table 2 presents the results of the OLS

estimation for Oregon (OR) and Colorado (CO).

Both the OR and CO satisfaction equations are statistically

significant and the are similar. The for OR is .16 compared to

.12 for CO. The independent variables which are significant in the OR

equation are also significant in the CO equation: AGE, HEALTH and TSP.

The latter two have the expected negative relationship to satisfaction.

This means that individual's attitudes are affected by an objective

indicator of pollution, TSP, and by the extent of the adverse health

effects they experience. The unstandardized coefficient of TSP is

greater itt the CO equation than in the OR equation. However, the
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Table 2--Ordinary Least Squares Regression Results of
Satisfaction with Air Quality, by State.

F5,370 = 15.21*** F5,326 = 9.61***

R2= .17 R2= .13

12=.16 i2=.12

N=376 N=332

1/ Standard errors are in parenthesis below coefficients.

2/ In thousands of dollars.

* Indicates significance at p<.lO
* Indicates signficiance at p<.Ol
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Independent
Variable

Oregon : Colorado

B'! : Beta1! : B-/ Beta1!

Constant : 7.6352***
(.4317)

ll.3658***
(1.1830)

AGE : .0182*** .1419 .0199*** .1525

(.0061) (.0474) (.0068) (.0524)

INCOME2! -.0007 -.0037 -.0125 -.0882
(.0085) (.0475) (.0076) (.0537)

HEALTH _.0035*** -.1926 _.0045*** -.2257
(.0009) (.0484) (.0010) (.0518)

FILTER : -.0014 -.0206 -.0094 -.0151
: (.0035) (.0480) (.0329) (.0528)

TSP : _.0409*** -.3059 _.0703*** -.1824
(.0064) (.0481) (.0203) (.0526)
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relative importance of TSP is greater in the OR equation than in the

co equation, as measured by the standardized coefficient. In fact,

TSP is the most important variable in the OR equation. The most im-

portant variable in the CO equation is HEALTH, again as measured by

the standardized Beta coefficient. AGE is positively related to

satisfaction in both OR and CO. As mentioned, the direction of this

relationship was difficult to hypothesize. Older people may have

lower expectations than younger people. Also, older people tend to

be outside less for both work and recreation. INCOME is significant

in the CO equation but not in the OR equation. As expected, it has a

negative sign. It is not clear why this relationship differs between

states, except for the general explanation offered for differences in

the public sector and in residents' preferences. FILTER is not sig-

nificant in either the OR or CO equation. This is likely due to its

poor substitutability for good air quality. Inclusion of interaction

terms between independent variables may add to the understanding of

this relationship between age and satisfaction and other relationships,

as well as improving the overall fit of the equation. However, this

is not pursued here.

Willingness-to-Pay Estimates

The dependent variable of the second equation of the system is

willingness-to-pay. The predicted value of satisfaction from the first

equation is included in the second equation as a predetermined variable,

rather than the actual value, in order to improve the efficiency of the
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estimates. There are several important considerations of relevance

to the decision of which is the most suitable estimation procedure.

These relate to the underlying assumptions of the procedures for the

second equation. Because the estimation decision is not clear-cut,

these considerations and the basis of the final decision will briefly

be discussed.

Ordinary least squares estimation of the WTP equation, and

generally any cross-sectional budget study, can be expected to yield

inefficient estimates of the parameters because of the heteroscedas-

ticity caused by income. The assumption of equal variances of the

error term was tested with both the Goldfeld-Quandt test and the

Spearman rank-correlation test (Koutsoylannis) based on the suspicion

that income was the source of the heteroscedasticity. After finding

that the OLS assumption of equal variances had been violated, the

model was estimated using weighted least squares (a. special case of

generalized least squares) in order to improve the efficiency of the

estimates over OLS estimates.

In this case, weighted least squares (WLS) weights the equation

by income. When an equation is weighted by one of the independent

variables, what was the constant in the original equation becomes the

coefficient of the weight variable, in this case income. What was the

coefficient of the weight variable becomes the constant (Beals). To

see how an equation is weighted by an independent variable assume a

two variable model:



original equation: Yj = i + j Xj + P j

weighted equation: Yi/Xj = a j/Xj + 8 + c

where j is a weighted error term. Therefore, the variables in the

equation were transformed by dividing them by income, and a new vari-

able, 1/Income, was created and added.2-1-! In addition, the original

income variable was eliminated.22!

The results of the WLS estimation procedure improved the fit of

the WTP model over the OLS estimation. However, multicollinearity

of the independent variables became a serious problem. Six of the

15 simple correlation coefficients for each state were greater than

.60 and greater than the simple correlations of those independent

variables with the dependent variables. Multicollinearity results

in the inability to accurately separate the effects of the independent

variables and in inflated variances.

Aside from the problems of multicollinearity with the WLS

estimates, additional problems result from the distribution of the

dependent variable. The number of zero bids for WTP is large, giving

the dependent variable a censored distribution. A censored distribu-

tion is one in which a large number of observations are distributed

at a threshold, or so called mass point, in this case zero (Maddala).
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21/ The lowest category of the income variable, zero income or a
loss, was recoded to $5,000. This income level is still below the
official poverty line but avoided dividing by zero and decreased the
range of values for the other variables which were weighted by income.

22/ Had it not been, and been transformed with the other variables,
the equation would have had two constants.
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The dual qualitative and quantitative nature of the dependent variable

may mean that the independent variables have different explanatory con-

tributions for individuals bidding a positive amount. For this reason,

in addition to estimating the equation by state for all cases (without

missing data), the equations were estimated using only the cases in

which the dependent variable Is positive. They were estimated with OLS

and WLS and several transformations of the data were tried. These re-

sults showed many differences between the model estimated with all WTP

bids and that estimated with the restricted number of cases. This

implies that the qualitative aspect of the bids, zero or positive, is

of significance. The least squares estimates of the restricted model

with only positive bids are known to be biased. However, because of

the censored distribution, the least squares estimates of the unre-

stricted model are inconsistent. The statistically correct procedure

is tobit, first proposed by Tobin in 1958.

A complexity in applying tobit analysis results from the fact that,

compared to least squares, relatively little is known about the prop-

erties of tobit when assumptions are violated and about estimation of

a simultaneous system with tobit procedures. In addition, tobit uses

maximum likelihood estimation techniques and these are very sensitive

to multicollinearity problems. Although inulticollinearity is a serious

problem in the application of WLS to the original model, it Is also

somewhat of a problem in the u.nweighted model. This multicollinearity,

in part, results from the predicted value of satisfaction being deter-

mined by the other independent variables in the WTP equation. Nulti-
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collinearity can, and in fact did, prevent the maximum-likelihood

estimation from converging.

As a result of these complex considerations, only the OLS

estimates of the WTP model will be presented here. However, because

of the potential importance of tobit analysis in the estimation of

contingent valuation models, theory and techniques will be described

in greater detail in a later section. In addition, the results of an

application of tobit to a single WTP equation (without predicted sat-

isfaction) will be presented. These results will be compared to OLS

estimation of the same equation. The presentation of the WTP estima-

tion will now follow.

Table 3 presents the OLS estimates for OR and CO. The j2 for

the OR equation is .19 and the equation is statistically significant.

SATAQ is negative and significant and INCOME is positive and signif i-

cant. This result, in combination with the estimates of the satisfac-

tion equation, is very interesting. They imply that the effects of

ACE, HEALTH and TSP on WTP are indirect through SATAQ. In addition,

the budget constraint of the household, INCOME, has a direct effect on

WTP unlike the other independent variables. The negative relationship

of SATAQ and WTP implies that more satisfied individuals may be close

to being efficiently supplied with the nonmarket good and so are not

willing to pay increased taxes for more of the good.

The for the CO equation is .11 and the equation is statisti-

cally significant. SATAQ and INCOME have the same relationship to

WTP as they did in the OR equation. In addition to INCOME having a



Table 3--Ordinary Least Squares Regression Results of Willingness
to Pay for Improved Air Quality, by State.

1/ Standard errors are in parenthesis below coefficients.

2/ In thousands of dollars.

31 The variable was not entered into the regression because the

minimum tolerance level of .001 was reached. This likely is

due to the very high correlation between the variable and

predicted satisfaction.

* Indicates significance at p<.lO.
** Indicates significance at p<.O5.

Indicates significance at p<.Ol.

Independent
Variable

Oregon : Colorado

B1] : Beta_I : Beta1!

Constant : 239.7786*** 87.8269

(41.7977) (53.8010)

SATAQ : _32.6120*** -.4668 _l1.3473*** -.2225

(6.3824) (.0914) (4.2318) (.0830)

AGE .0062 .0016 -.0209 -.0087

(.2716) (.0695) (.1510) (.0630)

INCOME2! .8990*** .1578 .2912* .1128

- (.3522) (.0618) (.1450) (.0581)

HEALTH : -.0305 -.0686 3/

(.0385) (.0865)

FILTER -.1305 -.0769 l.5333** .1345

(.1066) (.0628) (.6084) (.0534)

TSP :
.2241 .0318

(.4913) (.0697)

F5,209 = 1l.33*** F5,323 = 8.89***

R2=.21 R2 = .12

j2 = .11

N=215 329



direct effect on WTP, it also has an indirect effect through SATAQ.

FILTER is also significant and is negatively related to WTP. This

lends support to the explanation that owning a filter may actually

be a health expense.

Two variables did not enter the equations because minimum toler-

ance levels of .001 were reached. Tolerance refers to the amount of

variability in an independent variable not accounted for by other

independent variables. These were HEALTH in the CO equation and TSP

in the OR equation. Again, this relates to the problems caused by

niulticollinearity. For this reason and the fact that the WLS results

differed from the OLS results, extension of these results should be

made with caution.

Summary of Least Squares Estimation

The j2 of the equations ranged fran .11 to .19 which is not

necessarily low for cross-sectional household level data. The fit

was somewhat better for the OR equations than for the CO equations.

For the significant variables in both equations of the model, the

direction of their relationships is generally consistent and as ex-

pected. AGE, the variable whose relationships to the dependent

variables were difficult to hypothesize, is positively related to

satisfaction and negatively related to willingness-to-pay. FILTER

was significant in the CO WTP equation and had the opposite relation-

ship from that expected. This positive relationship may be due to the

measure being more a measure of health losses than of a substitute for
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good air quality. Satisfaction is negatively related to WTP indicating

that more satisfied individuals may be closer to an equlibrium position

than less satisfied individuals. HEAlTH, TSP and AGE all affect WTP

indirectly through the SATAQ variable and do not have a direct signif i-

cant relationship to WTP. Another interesting aspect of the results

is that INCOME is a significant variable in both of the WTP equations.

In expressing a WTP, an individual is constrained by his or her budget

if no strategic bias exists. However, INCOME was not significant in

the satisfaction equation for OR and had much less relative importance

In the CO satisfaction equation than it did in the WTP equation for CO.
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RESULTS OF THE HOUSEHOLD SAFETY ANALYSIS

The willingness-to--pay bids for a 33 percent decrease in risk from

burglary and theft were generally higher and there were also fewer zero

WTP bids than for the air quality bids. Table 4 presents the mean and

median bids by state. The annual mean willingness-to-pay bid for a de-

crease in risk from crime was $41.23. For willingness-to-accept a 33

percent increase in risk, the mean bid was $143.17 and the median bid

was $62.5O../ The mean WTA bid was almost 3 times as large as the

mean WTP bid while the median WTA bid was about 2 times the magnitude

of the median WTP for a change in risk. The median tends to give a

preferred measure of central tendency, particularly for the WTA bid,

because it avoids the very strong effect from outlying bids. Those

outlying bids may be protest or emotional bids or they may be accurate

bids from individuals who have well formulated and intense preferences

on the subject. Nevertheless, the median provides a better summary

measure of the sample's bid. The analysis of a crosscheck on CV and

on estimating the household safety model will focus on the WTP bids.

There Is a very significant body of literature on the social and

economic aspects of crime. However, the literature does not include an

application of contingent valuation to public safety, unlike for air

quality. Because crime rates vary spatially, this Issue has generally

been analyzed in a hedonic framework or in a public choice framework.

23/ For the same reason that very low WTA bids were recoded for
aiTquality (see footnote 15), 23 WTA bids were recoded as missing
data for household safety.
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Table 4--Summary Statistics of WTP and WTA Bids for
a Change in Safety from Crime, by State

1/ WTA bids were elicited only in Oregon.
2/ The $1,000 bid was coded and used in analyses

as $999.
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Bids : Total : Oregon : Colorado

WTPPP
Mean : $41.23 $50.83 $34.68
Median : $27.50 $32.50 $12.50
Range O-$510 0-$510 O-$400
n : 619 251 368

WTAPP1 /

Mean $143.17
Median $62.50
Range : $7.50_10002/
n 43
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There is no a priori reason why CV cannot be applied to this area of

research. Moreover, because individuals are accustomed to supporting

their local police force through tax payments, contingent valuation

(which postulates a hypothetical change in taxes) may prove to be a

fruitful approach for valuing public police protection. Before dis-

cussing the results of this application, an overview of the general

focus in the literature on crime will be briefly discussed.

Much of the literature has a regional perspective and the purpose

of the models is to explain the variation in the crime rate across

regions (Haas; Sesnowitz and Hexter) or to describe decision rules

for allocating police services (Fabrikant; Kennett; Shoup). The

deterrence issue, or how the severity of apprehension and punishment

affect crime rates, is also analyzed on a regional basis (Carr-Hill

and Stern; Pogue). Some of the literature does have an individual

level focus, for example, literature on risks and perceptions of crime

(Clemente and Kielman; Cohen, etal.; Lee) and on the characteristics

of criminals and the economic rationality of their behavior (Becker;

Carter and Hill; Ehrlich; Sjoquist). This literature does help in the

understanding of complex relationships but the majority of it is not

central to the research issue of interest here.

One line of research in the literature which is relevant is on

the economics of private household security protection. Clotfelter

has analyzed the effectiveness of private security measures and

Goldberg and Nold have analyzed the effectiveness of reporting crimes

in the deterrence of household victimization. Both of these analyses
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draw on Becker's model of a rational economic criminal who-Is assumed

to maximize net benefits from committing a crime. Clotfeiter (1978)

found that the elasticities of the probability of taking various pro-

tective measures (e.g., staying home at night) with respect to victim-

ization were generally significant. Goldberg and Nold estimated the

effectiveness of the characteristics of a household which they hypothe-

size would give a potential burglar the perception that the household

would likely report a crime. They also concluded that giving this

perception does deter burglary. Similarly, Bartel has developed and

tested a model of firm demand for private protection, e.g., guards.

The theoretical base for that research draws heavily on Ehrlich and

Becker's work on the theory of Insurance, risk and protection. How-

ever, that research is less relevant here because businesses generally

have access to fuller insurance coverage, In contrast to the household,

and because a household faces a greater personal threat than a business.

Another line of research of relevance relates to the production

function for safety. The most basic problem is one of measurement.

How do you measure output? Output has both a preventive and punitive

component with unknown weights of importance. Another difficult

question relates to the productivity of the Input of police labor.

Some evidence suggests that increasing the police force does not

decrease crime, although it may displace it (Chapman, etal.;

Levine; Pogue). These questions involve very complex relationships

and are basically unresolved in the literature. However, it is

important that these questions be identified because they directly
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relate to the CV survey question. That question (for WTP) asks the

respondent to accept a hypothetical situation in which taxes are in-

creased, the police force improved and the crime rate goes down. If

they were unable to view this as credible they may have provided

biased responses or refused to bid.

Crosscheck of Contingent Valuation

Understanding the household's production function for household

safety is complicated by the ill-defined public production function

for safety since public safety is a major input into the household's

production function. This issue again relates to the CV question

which asks respondents how much they are willinging-to-pay for an in-

crease in a public good input into their household production process.

That WTP bid will be a function of both a household's overall demand

for safety and the household's factor demand for the public input.

The factor demand will in turn be a function of the household's pro-

duction technology. No attempt will be made in this study to estimate

the household's overall demand for safety nor the factor demand for

the public input. These goals are addressed under the household pro-

duction function technique.24! The very difficult problem in applica-

tion to this research issue is in the definition and measurement of

household safety.

In contrast to air quality, the household has more private market

substitutes for the public good available to it. For example, house-

24/ Application of this approach would provide for a comparison to

the CV results.
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hold members can purchase many types of locks, lights, weapons and

alarm systems on the private market. They can also substitute

labor-intensive practices, such as neighborhood watch group activi-

ties, staying home at night or marking valuable possessions for

identification. Although the household does have more opportunity

for substitution, the substitutes may still not be adequate. Aside

from this issue, the difficulty in the application of the previously

described Mler-Freeman approach (to measuring the marginal value of

a nonmarket good through its substitution ratio with a market good)

is in the aggregation of the market substitutes and in determining

their substitutability for public safety.

The Nler-Freeman approach to valuation simplifies to the calcu-

lation of the product of the price of a substitute and the ratio of

substitution. An attempt was made in this study to apply the Mler-

Freeman approach by calculating the product of an annual price of a

composite market protective good and the rate of substitution between

that composite market good and the crime rate. The quantity of the

composite market good was calculated simply as the sum of the number

of market goods employed by the household for protection. Its price

was then calculated as the annual cost/ divided by the quantity.

The substitution between the market and nonmarket goods was calculated

as the change in the quantity of the composite market good as the crime

rate changed. The product calculated is expected to be less than the

25/ The computation procedure for annual market costs are described
in Appendix E.
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stated marginal willingness-to-pay for a change in the nonmarket good

because the nonmarket goods are less than perfect substitutes. The

marginal willingness-to-pay for a change in the nonmarket good can be

defined as the willingness-to-pay for a decrease in the crime rate by

one burglary or theft per 1,000 population.

This application is very rough, particularly because of the

measurement of the composite market good. In Oregon, the marginal

willingness-to-pay was less than the product of the market price and

the substitution ratio of market for nonmarket goods. In Colorado,

it was found that the market substitutes actually decreased as the

crime rate increased./ This may be due to the rural portion of the

sample purchasing more market goods because police protection is less

accessible than in urban areas. Furthermore, although crime rates are

lower in rural areas, a higher incidence of victimization was reported

by rural residents in the sample and the loss per victimizatiOn was

significantly greater than for urban residents. It is possible that

rural residents are less likely to report crime and so the crime rate

may not be an accurate measure of safety. Because of the measurement

difficulties and the overall weakness of this crosscheck, refinements

to this application are not pursued.

Although it is difficult to draw useful implications from it, a

comparison can be made between an annual cost of market goods and the

WTP bid. In Oregon, the mean annual cost of market substitutes is less

26/ However, neither this relationship nor the relationship between
crime and market purchases in Oregon are statistically different from
zero.
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than the mean annual WTP bid, $37.48 compared to $50.83. Likewise,

in Colorado, the mean market costs are $27.17, compared to the mean

WTP of $34.68. These differences in means are statistically signif 1-

cant at p<.lO, based on a t-test.

As described earlier, another indirect crosscheck on the CV

responses is to compare them to the expected losses. More specifi-

cally, the mean WTP can be compared to the mean expected loss which

can be computed as the product of the average annual household loss

per victimization, the probability of risk (measured at the municipal

or rural level), and the hypothesized decrease in risk. In Oregon,

the mean annual WTP bid is $50.83 and the mean expected loss is

$11.05. In Colorado, the mean WTP bid of $34.68 compares to a mean

expected loss of $7.08. Both differences are statistically signif i-

cant. Additional evidence that CV responses represent rational

intended behavior is that individuals who have been victimized, and

who likely have more accurate knowledge of the costs of victimization,

have higher mean WTP bids, $47.99, than respondents who have not been

victimized, $40.41. However, these are not statistically different.

As in the air quality situation, voters in Oregon who were in favor

of decreasing property taxes had a significantly (p<.05) lower WTP

for public safety than did those against tax cuts, $41.78 and 61.91,

respectively. This was not true for Colorado voters on a similar

issue. Overall, these crosschecks are very ad hoc and weak and, con-

sequently, do not yield a great deal of useful information.
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Estimation of Recursive Model

The general recursive udel described earlier is applied to

household safety from burglary and theft and written as:

SATPP = f (AGE, INCOME, SEX, VICTIM, MARKET, CRIME)

WTPPP = f (SATPP, AGE, INCOME, SEX, VICTIM, MARKET,

CRIME)

where '1TPPP = Willingness-to-pay for a 33% reductIon in risk

from burglary and theft resulting from an im-

proved police force

SATPP = Satisfication with police protection from bur-

glary and theft

AGE = Age of respondent

INCOME = 1982 gross household income

SEX = Dummy variable for sex of respondent, 1 = male

VICTIM = Dummy variable for respondent being victimized

in 1982, 1 = victim

MARKET = Annual cost of market purchases

CRIME = Burglary and thefts per 1,000 population, 1982

The mean values of each of the above variables are presented in

Appendix E, Table E.l. This table is accompanied by notes on the

measurement of the variables.

The expected relationships between the independent variables and

the dependent variables differs with each equation. In the satis-

faction equation, being a woman, or a victim, is expected to be asso-

ciated with lower satisfaction. These characteristics are expected



92

to be associated with higher WTP bids.27/ Income is expected to be

positively related to both satisfaction and WTP. Again, the rela-

tionship age has to the dependent variables is difficult to hypothe-

size. Because older persons are more vulnerable to victimization,

It could be expected to be negatively related to satisfaction and

positively related to WTP. On the other hand, older individuals may

have lowered their expectations over their lives, resulting in the

opposite relationship.

The relationship the crime rate, an objective Indicator of safety,

has to the two dependent variables, satisfaction with police protection

and willingness-to-pay for improvements to the local police force, is

difficult to hypothesize. Among other things, these relationships de-

pend on the household's underlying preferences and the household's pro-

duction technology of their own safety.

The above considerations, along with the household's budget

constraint, are important In determining whether a household Is over,

under or exactly supplied with the public good. For example, if a

household is exactly supplied with a public good that household would

be expected to be relatively satisfied with the present level and not

to be willing to pay for any additional amount of the good. If a house-

hold is undersupplied, the household would be expected to be relatively

27/ A household which had been victimized and then purchased private
market protection goods, would be expected to have a lower WTP than
victimized households which did not purchase the goods, everything else
being equal. However, there were too few cases in the former group to
statistically test this hypothesis (N = 10).
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less satisfied than the household which is exactly supplied and to be

willing to pay a positive amount. On the other hand, a household

'which is oversupplied will also be less satisfied but not willing

to pay a positive amount for any additional good. The description

of these three scenarios can be extended to the case where the crime

rate varies in order to hypothesize the direction of the relation-

ships. The most likely of these three scenarios is assumed to be that

a household is undersupplied with safety. In this case, crime rates

are hypothesized to be negatively related to satisfaction and posi-

t ively related to wil lingnes s-to-pay.

Because market purchases are inputs, along with public protection,

into the household's production of safety it could be argued that an

individual with more protective goods from the private market would be

more satisfied with police protection and less willing to pay for iire.

However, this argument is based on the assumption that the market and

nonmarket goods are substitutes. In fact, this relationship is diff i-

cult to hypothesize because it depends on the household's demand for

protection and on the production relationship between public and pri-

vate protection; that is, on preferences, income and technology.

Furthermore, if households1 past market purchases are substitutes, but

poor ones, for public protection, they will be expected to be negative-

ly related to satisfaction and positively related to wilhingness-t0PaY.

In this case, market purchases are actually an indication of the inten-

sity of the demand for the public good.
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A final consideration relates to the nature of the satisfaction

measure which may cause difficulties in hypothesizing the relationship

between satisfaction and willingness-to-pay. As mentioned, it is a

personal attitude and the considerations on which an individual bases

his or her response are not clear. In particular, it Is not clear if

an Individual's response results from their satisfaction with the

quantity provided alone or if it results from the quantity provided at

a perceived price. What is know about the satisfaction measure is that

it is believed to have a greater cognitive than affective component.

Based on this information, the satisfaction response would be expected

to result from considerations of price as well as quantity. The latter

assumption was made in the previous development which was based on the

concept of a household being exactly, over or undersupplied. However,

it will likely vary with the object towards which satisfaction is

directed. This issue is of relevance to contingent valuation applied

to public safety because households generally have some awareness of

the management and quality of their local police force and In their

own tax bills to support that force. The presentation and discussion

of the least squares estimation will refer to the above issues when

relevant.

The models were estimated separately by state. Earlier analyses

were conducted with the combined data because, unlike for air quality,

there were no reasons to suspect that the objective indicator of safety

(the crime rate) was not measured uniformly. However, a dummy variable

for state was consistently significant and so the data were analyzed
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separately. The difference between states may be due to major differ-

ences in the public sector and its sensitivity to the demands of the

constituency. It may also be due to differences in preferences because

individuals choose their residences on the basis of their preferences.

Satisfaction Estimates

The survey instrument was designed to collect a response on the

satisfaction with overall household safety from burglary and theft

and on satisfaction with safety from police protection from burglary

and theft. The differentiation can be made because, as indicated,

households can be viewed as producing their own safety with public and

private inputs. This is equivalent to a household production function

concept measured as an attitude. As In the CV component of the model,

the estimation of satisfaction will be restricted to police protection

from burglary and theft.28!

OLS was used to estimate the satisfaction equation of the model.

The data were transformed In several ways (natural logarithms, squares

and square roots) and, as in the air quality equation, the fit with

the untransformed data was not significantly improved. The assumption

of OLS regarding the distribution of residuals was basically satisfied.

Table 5 presents the results of the OLS estimation of satisfaction with

police protection from burglary and theft for both states.

28! At an early stage, an additional equation for overall satis-
faction was included, however, it provided little information because
the two satisfaction measures are so highly correlated. Because many

would consider police protection to be the major input into household
production of safety, this is not surprising.



Table 5--Ordinary Least Squares Regression Results of Satifaction
with Police Protection from Burglary and Theft, by State

Oregon Colorado

1/ Standard errors are in parenthesis below

2/ In thousands of dollars.

* Indicates significance at p<.lO.
** Indicates significance at p<.O5.

*** Indicates significance at p<.Ol.

coefficients.
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Independent
Variable

: Beta1! B' / : Beta1!

Constant

AE

INCOME 2,

SEX

VICTIM

MA1XET

CRIME

:

:

5.9396***

(.5554)

.0118

(.0077)

.0165
(.0112)

-.1956
(.2598)

_.9037**
(.3972)

-.0026
(.0030)

-.0045
(.0051)

.0803

(.0523)

.0785
(.0533)

-.0393
(.0522)

-.1190
(.0523)

-.0701
(.0530)

-.0458
(.0521)

5.4041***
(.5265)

.0301***
(.0078)

-.0025
(.0085)

-.1891
(.2675)

-2 .0200***

(.4472)

-.0028
(.0021)

.0071*

(.0041)

.2034

(.05 29)

- .0158

(.0527)

- .0370

(.0523)

-.2432
(.0533)

-.0676
(.0529)

.0922

(.0528)

F6,361 = 2.18** F6,324 = 7.63***

R2 = .04 R2 = .12

2 .02 = .11

N= 368 331
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The fit of the OR equation is very poor, the P is .02. The only

variable significant in the OR equation is VICTIM which has the expect-

ed negative sign. The fit of the CO equation is better; the is .11.

Three variables are significant: AGE, VICTIM and CRIME. ACE was posi-

tively related to satisfaction with protection which lends supports to

the explanation that older people have lor expectations than younger

people. That effect apparently more than compensates for the opposite

effect from the generally greater vulnerability of elderly people.

VICTIM is negatively related to satisfaction as expected. However,

the crime rate Is positively related to satisfaction which was not

expected. This relationship may be due to the fact that the Colorado

sample was drawn from four very rural counties and, although rural

areas generally have lower reported crime rates, their sparse popula-

tion means that residents are more isolated from both the local sheriff

patrolperson and watchful neighbors./ Additionally, losses were found

to be larger for rural than for urban residents. This fact may also ex-

plain why costs for past private market purchases are negatively related

to the crime rate in Colorado, as mentioned previously.

Willingness-To-Pay Estimates

The dependent variable of the second equation of the model is

willingness-to-pay for a decrease in the crime rate of burglary and

29/ Earlier models included a dummy variable for rural residents
(rural=l). However, it was so highly correlated with the crime rate

that it was dropped from the model. The simple correlation coeffici-

ent was negative and over .70.
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theft of 33 percent. The equation was estimated using OLSand SATPP

was measured as the predicted value from the first equation. The

fit is extremely poor. The is .04 for both states. These results

are presented in Table 6 for each state. In the OR equation, AGE and

CRIME are significant. ACE is negatively related to WTP, as It was in

the air quality model. CRIME is positively related to WTP for improve-

ments in the police force. This indicates that Oregon residents are

aware of relative differences in crime rates and their WTP is a func-

tion of that variation. However, what is very surprising is that

neither SATPP nor INCOME are significant.

In the CO equation for WTP for police protection, INCOME and MARKET

are significant. They both have positive relationships to WTP. The

positive relationship between INCOME and WTP was expected. It was

unclear what relationship MARKET was expected to have to WTP. Its

positive relationship in the CO equation indicates that those who

have made more market purchases in the past (everything else constant,

e.g., the crime rate) are more willing to pay for improvements in the

police force. Knowledge of the household's production function for

safety is necessary for a precise interpretation of this relationship.

If the household views market purchases as necessary inputs into the

production of household safety along with police protection, than the

positive relationship between WTP and MARKET may mean that the house-

hold wants to produce more household safety. If the household's pro-

duction function indicates that police protection and private market

protection goods are fairly good substitutes in the production of



Table 6--Ordinary Least Squares Regression Results of Willingness
to Pay for Improved Safety from Crime, by State.

F6,243 = 2.57** F6,300 = 3.Ol***

R2= .06 R2 .06

= .04 .04

: N= 241 N 307

1/ Standard errors are in parenthesis below coefficients.
2/ In thousands of dollars.
3/ The variable was not entered into the regression because the minimum

tolerance level of .001 was reached. This likely is due to the very

high correlation between the variable and predicted satisfaction.

* Indicates significance at p<.lO.
** Indicates significance at p<.O5.

Indicatges signficance at p<.Ol.
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Independent
Variable

Oregon Colorado

:

B-/ Beta1! : B'! : Beta1!

Constant : 26.0862 44.1657*
: (78.1130) (26.6375)

SATPP 3.9580 .0289 -3.7740 -.0683
: (13.2021) (.0965) (4.6100) (.0834)

AGE _.6262** -.1666 -.0190 -.0066

(.2953) (.0786) (.2243) (.0780)

INCOME2! .6307 .1225 .5086*** .1662

- (.4166) (.0809) .1750 (.0572)

SEX .3180 .0025 -4.9224 -.0504

(8.3387) (.0667) (5.6350) (.0577)

VICTIM 3/ 3/

MARKET -.0779 -.0818 .0849* .1100

(.0713) (.0749) (.0478) (.0619)

CRIME : .2800* .1157 .0827 .0553

(.1698) (.0702) (.0887) (.0594)
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household safety, then the positive relationship between MARKET and

WTP may indicate that the household is not efficiently using inputs

in its production of household safety because of the restricted level

of the public good. In this situation, if the public good re not

restricted, households would demand more of it and less of the private

good substitutes for efficient production of household safety.

Because of its poor fit, many of the results of the household

safety model are much more difficult to interpret than the air quality

model. For this reason, and because the s iere low, analysis of

covariance was applied to the OR sanLple to test for various interac-

tions. The cases were divided into two groups in two different ways

based on a hypothesis regarding the appropriateness of a single model

for each group. The null hypothesis is that the set of coefficients

in the equation for one group are equal to the set of coefficients

in the equation of the other group. The test statistic for this

hypothesis is an F statistic, commonly called the "Chow" statistic.

Appendix F provides the definition of the Chow statistic used to test

for structural differences.

The two criterion variables which were the basis for dividing

the cases into groups are: (1) whether or not market expenditures

were made and (2) high or low crime area residence status. OLS was

used to estimate the regression equations and results of the analysis

of covariance are presented in Table 7. For conciseness, only the

direction of significant variables and their level of significance

are presented for each analysis. Also included are the s of the



Table 7--Results of Analysis of Covariance on Willingness-tO-PaY

for Police Protection, in Oregon

Independent
Variable

SATPP

AGE

INCOME

SEX

VICTIM

MARKET

CRIME

Market purchases-/ :

Criterion Variable

1/ Market expenditures were not included as

able in this i&del.

2/ Areas with <60 property crimes per 1,000

were classified as low crime areas and those

sified as high crime areas.

* Indicates significance at p<.lO.
** Indicates significance at p<.05.

Indicates significance at p<.Ol.

Property Prime Rate2!

: None Some Low : High

an independent van-

population in 1982
with >60 were clas-

101

12

n

Chow Statistic :

129

F7,220 -

.09

105

16.23***

.04

134

.04

107

- 19.2l***



102

models and the computed Chow statistic. A structural difference was

found to exist along both of the groupings defined, and the null

hypothesis can be rejected. it is incorrect to assume equal coeffi-

cients. The significance of the variables is sensitive to the group-

ings. There is a substantial difference between those who purchased

market goods and those who did not. Not a single variable is signifi-

cant in the equation for those who did not purchase market goods. The

significance of variables is also different between high and low crime

areas. In low-crime areas, INCOME and the crime rate are positively

related to the WTP, both of which were expected. In high-crime areas

AGE and MARKET are significant and negative. The negative relation-

ship between AGE and WTP is consistent with the earlier results and

the negative relationship between MARXET and WTP may mean that house-

holds view private market protection goods as adequate substitutes

for police protection.

In general, these results suggest that the model may not hold for

all segments of the population. The relatively poor fit of the model

may, in part, be due to the specification of the model not being appro-

priate for the whole sample. For example, some individuals are likely

to be apolitical and to relinquish WTP-type of decisions to bureacrats.

In addition, the issue of crime may be an emotional one for some indi-

viduals because of the associated fears. Those fears may prevent these

individuals from behaving rationally which is assumed by this model to

dominate.
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Summary of Least Squares Estimation

The most surprising result from the estimates of the recursive

model is that satisfaction is not significant in explaining WTP. It

is also very surprising that INCOME did not have a significant rela-

tionship in the WTP equation for OR. In addition, there is only one

common relationship in the model between states, that is the negative

relationship between VICTIM and SATPP. However, AGE and CRIME both

have significant relationships in the model for both states, but with

different dependent variables. That might indicate that SATPP and

WTPPP are actually tapping much of the same information but appealing

to different individuals, rather than having a recursive relationship.

It is not clear why individuals would respond differently to the two

dependent variables.

As mentioned previously, it Is not always certain what informa-

tion an individual respondent assimilates before yielding a satisfac-

tion response. Is the satisfaction response focused on the quantity

alone or the quantity given the price? Evidence from weighted least

squares estimation is of relevance to this question.

The model was also estimated with the weighted least squares

procedure for reasons discussed In the air quality section. Many of

the significant variables differed between the ordinary and weighted

least squares procedures. One especially noteworthy difference is

that SATPP was found to be significant and positively related to WTPPP.

The fact that a positive relationship was found may mean that indivi-

duals are satisfied with their level of public police protection, given
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their tax price, but they would like to "buy" more. If so, this could

be due to the household's familiarity with the issues of choice sur-

rounding public safety. This greater access to information on the

public safety issue may also mean that there is a large variation in

consumer information among the sample. If this is so, there may have

been variations in the extent of the cognitive and affective components

of the satisfaction measure among the sample respondents.

These results from the public safety model will be contrasted with

the air quality results in the final section of the dissertation.



THE APPLICABILITY OF TOBIT ANALYSIS TO CONTINGENT VALUATION

Description of Tobit Analysis

Many of the respondents were not willing to pay any increased

taxes for improvements in air quality and public safety from crime.

In Oregon, 102 respondents, or 45.3 percent, stated they would not

be willing to pay increased taxes for Improvements in air quality.

Sixty-eight percent, or 270, of the respondents in Colorado were not

willing to pay any increased taxes for improvements in air quality.

Fewer people indicated a zero willingness-to-pay for public

safety from crime than for air quality in both states. In Oregon,

78 (or 31.1 percent) of the respondents bid zero and, in Colorado,

168 (or 45.7 percent) of the respondents stated a zero willingness-

to-pay.

This concentration of responses at zero gives the distribution

of the error term a censored distribution. A censored distribution

is formally defined as one where the dependent variable corresponding

to observable values of the independent variables is unobservable.

There are many examples of variables having this type of dual quali-

tative and quantitative nature, most notably purchases of consumer

durables or agricultural prices with price supports. The applica-

tion of OLS to ide1s with censored distributions, including the

air quality and public safety models of this research, yields incon-

sistent regression estimates due to the, so called, mass point of

the dependent variable. Application of OLS to the continuous obser-

vations only, yields biased estimates.

105
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Tobin recommended a maximum-likelihood estimation procedure for

a "hybrid" of probit and multiple regression techniques. Goldberg

later referred to it as tobit analysis. This model can be written

as:

= Xj + uj if Xi + ij >0

Yj = 0 if Xj + uj <0

where I =

X = a vector of independent variables

= a vector of coefficients

= an independently distributed error term assumed

to be normally distributed with mean zero and

constant variance, c2.

In the model, an index Zj = Xj / c is created and observed only

when.it is positive.

The tobit coefficient is not directly comparable to an OLS

coefficient. The expected value of the Yj differs between procedures.

In OLS,

EY1 = Xi

and in the tobit model,

EY1=Xj Fi + afj

where Fj = the cumulative distribution function and fj = the density

function of a normal random variable that are evaluated at Xj / P.

In OLS, E(Y)/ Xi = j. McDonald and Mof fit have shown that in

tobit models, E(Y)/ Xi F 8j.
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Results of the Application -

Tobit analysis appears to be an appropriate technique for estimat-

ing willingness-to-pay or accept equations. Results from an applica-

tion of tobit to the Oregon subsample are presented in Tables 8 and 9.

These results are accompanied by OLS estimates of the same model. As

mentioned previously, tobit analysis was not applied to the estimation

of the recursive model because of the high collinearity between pre-

dicted satisfaction and the other independent variables. Tobit models

are very sensitive to multicollinearity. Consequently, the results

presented in Tables 8 and 9 are for a reduced equation.

Table B presents the air quality results for OR. The OLS and

tobit results both indicate that AGE is significant and negative

and INCOME, HEALTH and TSP are significant and positive, although the

significance levels are somewhat different beten the two estimation

procedures. As determined by the expected value of the tobit equation

with respect to the independent variables OLS is found to perform well

in estimating the significance and direction of the relationships.

OLS estimates underestimated the effects of AGE and TSP and overesti-

mated the effect of INCOME and HEALTH on the willingness-to-pay for

improved air quality.

The same type of results are presented in Table 9 for public

safety. All the variables which are significant with OLS estimation

are significant with tobit estimation as well. However, ?4ARXET is

also significant in the tobit estimation. It is negatively related

to WTP. This variable was hypothesized to be significant in the WTP
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Table 8--Tobit and OLS Results of WTP for Air Quality in Oregon.1!

:
F5,209 = 11.33*** 4/ 41

2 .19 4/ 4/

fl 215 215 215

1/ Standard errors are in parenthesis below coefficients.
2/ E(Y)/ Xj = F 3, where F = F(Z) and Z = X / a = .8133.

3/ In thousands of dollars.
4/ Not applicable.

** Indicates significance at p<.0S.
Indicates significance at p<.Ol.

Independent
Variable

:

:

OLS Unstandardized :

Coefficient :

Tobit
Coefficient : E(Y)/ axjj

Constant -9.2219 _58.1885**
(17.2053) (28.2527)

AGE : _.5859** _l.2975*** -1.0552

(.2421) (.4129)

INCOME3! 9.2086*** l.l888** 1.5363
- : (3.5194) (.5690)

HEALTH : .0839*** .1021** .0830
: (.0281) (.0437)

FILTER -.0819 -.0070 .0057

(.1054) (.1567)

TSP 1.3334*** 2.3432*** 1.9797

(.2610) (.4336)
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Table 9--Tobit OLS in Oregon.'!and Results of WTP for Public Safety

F6,234 = 2.57** 4/ 4/

2 .04 4/

n 241 241 241

!/ Standard errors are in parenthesis below coefficients.
2/ E(y) / Xj = F j, where F = F(Z) and Z = i/ = .4880.

3/ In thousands of dollars.

4/ Not applicable.

* Indicates significance p<.lO.
** Indicates significance p<.05.

Indicates significance p<.Ol.

Independent : OLS Unstandardized . Tobit
2

Variable : Coefficient : Coefficient : iE(Y)/ X/

Constant : 45.5950*** 37.7619*
(16.8681) (22.7068)

AGE : _,5795*** ...8991*** -.4387

(.2415) (.3305)

INCOME3! 6.9596** l.0573** .5159

- : (3.3779) (.4599)

SEX -.4560 -3.5200 -1.7177

(7.9795) (10.7299)

VICTIM -3.5767 -1.6819 -.8207

(11.9302) (15.9113)

MARKET .2621 _.1569* -.0765

(.1538) (.0923)

CRIME : .2621* .3501* .1708

(.1538) (.2078)
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model, however, the sign was difficult to hypothesize. Itsnegative

relaLtionship to WTP lends support to the hypothesis that private

market purchases are perceived as substitutes for public safety.

As was ntioned previously, however, an accurate Interpretation of

this relationship requires information on the household's demand and

production technology for public safety. The signs of all the other

significant variables are identical between the two sets of coeffici-

ents. However, OLS tended to overestimate the magnitude of the rela-

tionships In relation to the tobit estimates, as indicated by the

adjusted tobit coefficients.

Overall, the tobit analysis was found to be very similar to the

results from OLS estimation, with one exception. However, that ex-

ception yielded some important information with regards to the results

of the model. Tobit procedures are a theoretically appropriate esti-

mation procedure for contingent valuation data. Because of the added

expense, both in human and computing time, the applicability of tobit

analysis to contingent valuation research should be evaluated on an

individual basis.



SYNTHESIS AND IMPLICATIONS

Review of Purposes

The dual purpose of this research has been to analyze the

application of contingent valuation and to investigate the relation-

ship between contingent valuation and satisfaction. Contingent val-

uation is a recently developed technique for eliciting willingness-

to-pay or accept responses from individuals for nonmarket goods. The

Cv technique has been applied here to the valuing of air quality and

local safety from crime for a sample of 806 respondents in Oregon and

Colorado. Although a formalized crosscheck of the CV responses was

not attempted in this research, an ad hoc comparison was made between

mean bids and mean expected losses and between mean bids and mean

market expenditures.

Satisfaction is an attitude and WTP or WTA is an intended, or

potential, behavior. The relationship between WTP (or WTA) and

satisfaction was modeled as a recursive system since it is hypothe-

sized that an individual's attitude on an issue affects his or her

behavior regarding that issue. Consequently, satisfaction was

expected to be a factor in determining WI'!' (or WTA). It was also

hypothesized that the same set of factors which determines satisfac-

tion determines WTP (or WTA). However, because of the special role

played by the budget constraint in determining an individual's ability

to pay and, hence, the expression of his or her behavior, the comun

set of independent variables was expected to have different effects

on each of the dependent variables.
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Results -

The survey instrument was successful in terms of its ability to

collect responses in the WTP bidding procedure but it was much less

successful in its ability to collect WTA responses. Over half of the

WTA responses were not useable. WTA bids were collected only in

Oregon and the mean bid ranged from 2.8 times the size of the WTP for

safety bid to 3.9 times the size for air quality. This is consistent

with past empirical findings although inconsistent with theoretical

expectations. Models were estimated with WTA as the dependent vari-

able for both air quality (n=41) and public safety (n=46). No vari-

ables were significant and the was zero in both equations. Due to

the empirical difficulties with WTA responses, the major part of the

analysis focused on the WTP responses.

The estimation of the recursive model of satisfaction and WTP

yielded varied and some interesting results. The model was estimated

for two goods and separately by state. This allowed for comparison of

trends among the models. After reviewing attempts to provide a cross-

check of the CV responses, the results of estimating the equations of

the model will be summarized, first for the satisfaction and WTP

equations and then for the full recursive model. Finally, directions

for future research will be outlined.

When losses were used to provide a crosscheck to the WTP response

it was found that the mean bids were greater than the mean expected

losses from the current level of a disamenity. No perfect substitutes

exist for either safety from crime or air quality. However, there are
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more market adaptions which households can make to the public level

of safety from crime than to the air quality levels they experience.

The mean annual WTP bids for safety were greater than the mean annual

expenditures on private market protective goods and services. It was

also found that, in Oregon, there was a significantly higher WTP for

both air quality and public safety for those who voted against state

tax cuts than for those who voted in favor of tax cuts. This differ-

ence was not significant for Colorado respondents. Although both of

these approaches to crosschecking the WTP responses yielded the expect-

ed relationships, the procedures are too rough to consider the results

of much importance.

Summary of Satisfaction Results

Four satisfaction equations were estimated in all--for two public

goods, air quality and safety from crime, and for two states, Oregon

and Colorado. The satisfaction equations explained from 2 to 16 per-

cent of the variation, with the air quality equations having the better

fits.

The estimates of the satisfaction with air quality equations were

the more consistent between the two states of all the equations. The

age and health expenditures of the respondent, and the TSP level in

their areas were significant variables in the models for both states.

For household safety, the fit on the satisfaction models was poor,

especially for Oregon. In addition, the only significant variable

common to both the Oregon and Colorado model was whether or not a
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member of the household had recently been victimized. Market

adaptions were not significant variables in explaining the varia-

tion in any of the satisfaction equations. In addition, income

was significant only in the air quality equation for Colorado. As

mentioned, the objective indicator for air quality, TSP, was found

to be significant hut the objective indicator for household safety,

the crime rate, was not significant at the 5 percent level of sig-

nificance. It was significant in the Colorado equation at the 10

percent level, however.

Summary of Willingness-To-Pay Results

The WTP equations were estimated with ordinary least squares and

with weighted least squares. The full results were presented only for

OLS estimation. Pour equations were estimated in all, for air quality

and for safety for each state. The on the WTP equations were

again higher for air quality than they were for safety. They ranged

from .04 to .19.

Satisfaction and income were the most important variables in the

air quality models. They were both significant for both states. In

Colorado, the annual cost of a household air filter was also signif i-

cant. There were no significant variables in common to the safety

equations by state. The objective indicator, the crime rate, and age

of the respondent were significant in the Oregon equation but not in

the Colorado equation. The income of the respondent and past market

purchases were significant and positive in the Colorado equation.
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Implications of the Recursive Model

One the most important findings of the research is that the

hypothesized recursive relationship between satisfaction and WTP

was supported by the analysis of the air quality model but was not

supported for the safety model. This relationship was hypothesized

because satisfaction, a measure of a psychological state with some

unknown relationship to the concept of utility, can be viewed as an

attitude regarding preferences. These preferences along with income

and other variables can then be viewed as determining optimizing be-

havior, or in this case, intended behavior, i.e., willingness-to-pay.

Other variables in the model will be expected to have direct effects

on WTP and indirect effects on WTP through satisfaction.

The reason this model was more appropriate for air quality than

for public safety may be due to differences in the nature of the satis-

faction measure and the extent of information available to households.

The proportions of the two components of satisfaction, affect and cog-

nition, vary with the object of interest. In the case of air quality,

the satisfaction response may have been more an expression of a pure

preference for the quantity of clean air rather than an expression

relating to the quantity, given the price. For public safety, the

satisfaction response may have actually been more similar to the WTP

response which involved psychological optimizing adjustments. In

this case, respondents may have assimilated information on both price

and quantity before responding. This would imply a large cognitive

component to the satisfaction levels of at least some of the respond-
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ents. The fact that two of the independent variables in the safety

models had significant relationships to satisfaction (but not to WTP)

in the Colorado model, and vice versa in the Oregon model, lends sup-

port to this possible explanation.

If this explanation for the divergence in the fit of the model

between air quality and safety is indeed plausible, It may be due to

the differences in information regarding the two goods. The know-

ledge (or lack of knowledge) on air quality-related issues is rather

uniform. Although air pollution is measured with technical methods,

these measurements are basically meaningless to the majority of the

population. Moreover, not even the scientific community has sound

information on the health effects of poor air quality. Many people

feel that they have rights to a clean environment even though they

exercise little control over it. Consequently, environmental issues

are often covered in the media. Because of the uncertainties, atti-

tudes about environmentally-related issues may have a large affective

component; and because of the regular media coverage, the affective

cognitive attitudes may be relatively consistent within the population.

In contrast to air quality, individuals may have more precise

Information on public safety. Not only are the objective uasures of

safety comprehensible to most people, but Individuals are accustomed

to making decisions over which they have control and involving trade-P

of fa between safety and other goods and activities. Individuals make

economic decisions in their own household regarding private market

protective goods and services, as well as participating in collective



decisions regarding the support of the local police or sheriff's

department. Because of this prior decision-making experience, the

satisfaction response relating to public safety may represent an

optimizing decision rather than the first stage of a recursive pro-

cess.

Variation in the familarity with decision-making on the issues

provides an explanation for the recursive nature of the air quality

model, in constrast to the public safety model. However, it still

does not provide an explanation for the lack of any other type of

relationship to hold between satisfaction and willingness-to-pay for

improvements to the police force. This may be due to the complexity

of the safety issue in general, and no one simple explanation can be

offered.

These complexities include economic issues such as defining the

household's production technology for safety, and noneconomic Issues,

such as fear of victimization. In addition, the general familiarity

with the safety issue may work against the success of a contingent

valuation application. The contingent valuation procedure requires

that a respondent accept the hypothetical situation as possible. If

a respondent's prior experience prevents him or her from accepting

the hypothetical situation as credible, the validity of the contingent

valuation technique may be jeopardized. This may very well have been

the case with the hypothetical situation involving improvements to the

police force which respondents were asked to accept as credible. Col-

lective solutions to crime are mere formidable than solutions to air
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pollution. Contingent valuation is likely to be sensitive-to the

nonmarket good to which it is applied.

Directions for Future Research

This research did not provide a thorough crosscheck of the

contingent valuation responses with the results from a rigorous non-

market benefit estimation technique. Because of the newness of the

technique and problems of bias, a crosscheck would be an important

contribution to the CV literature. This is especially true in light

of the suspicion regarding hypothetical bias in the public safety

response. No simple test of Its existence is possible, but a cross-

check would provide information on the effects of all biases combined.

An appropriate technique for comparison to the air quality results is

the hedonic technique. For comparison to the safety results, the

household production approach may prove fruitful.

The area of individual preferences and economic behavior relating

to nonmarket goods is a very difficult area of research to model be-

cause of the complexities of the human psyche. One dimension of the

complexity relates to individuals' expectations. As indicated by the

consistent signficance of the age variable in the model estimated

here, changes in expectations have an important role in explaining

preferences and demands for nonmarket goods. For this reason, future

research in this area may very likely benefit from application of the

rational expectations theory. Rational expectations literature was

borne out of macroeconomic observations regarding expectations about
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trends in the general economy. This relatively new area of theory,

which is rapidly changing macroeconomics, may also make advances for

microeconomic analysis. Valuation of nonmarket goods is certainly

one area of obvious application.
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APPENDIX A

Expenditure Function with a Quantity Restriction

Just, Hueth, and Schmitz have defined equivalent and cotupensat-

ing surpluses based on the derivation of an expenditure function

with a quantity restriction. The restriction is incorporated by

an additional constraint on the system. For a fixed q1 = q10, this

minimization problem can be expressed as:

n
Mm E Pi qj, 1=l,...,n (A.l)

i= 1

s.t. U (q1,...,q1) =ii (A. 2)

q1 (A.3)

with the Lagrangian expressed as:

n
L = z p1 clj - [U (q1,...,q) - 111 - p(q1 - q10)

j =1

which yields the following first-order conditions of:

P1 = 4U1 + Pi

P = Uj j = 2, ...,n (A.6)

The expenditure function, in, is then obtained by solving the above

first-order conditions (which yield the compensated demand functions

for j) and substituting the solution into the objective function:

n

m (p, 1.1, q10) = p1 q1°
+ j=2

Pj
j

(Pj U, q10) (A.7)
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n-i
m p1 q1° + E Pj (l (P, U q10) + n (p, ii, q10)

j =2

APPENDIX B

Expression for the Contingent Valuation Response

An expression for the contingent valuation response is derived

from the expenditure function. The approach includes three groups of

goods. The first group contains the nonmarket good of interest, q10,

and the second group contains market goods related to the nonmarket

good, qj (j=2,...,n-l) and the third group contains all other goods,

qn. The utility function can be written as:

U = f (q10, q2,..,q q) (B.i)

and the budget constraint can be written as:

n
Y = P1 qj 1=l,...,n (B.2)

1=1

The expenditure function is similar to that derived in Appendix A

(A.7) except that the second group of goods, those related to q10,

are added. It can be written as:

n-i

/ q1° = p1 + E Pj qj / q1° q/ q1°
j =2
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(B.3)

(B.4)

where j=2,...,n-1 and p = )

The conpensated inverse demand for q10, or the marginal willingness-

to-pay for a change in q10, can be expressed as:



By assuming that q/ q1° = 0, the expression is composed of two

effects, the price, and the relationship between the related

market and nonmarket goods:

ni
tnt q1° = p1 + / q1°

j =2

(B .5)
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APPENDIX C

Air Quality - WTP

Now, we are interested in whether people would be willing to pay higher
taxes to reduce the air pollution of their area. Let's imagine that aiarge

number of households are asked about this and that each household would have
to pay the average amount which everyone said they would be willing to pay.
Taxes would go up but everyone would have to pay.

Suppose that taxes could be raised to isiprove the management of air quality
regulations so that air pollution in your city/town/part of county would be

decreased by 50 percent.

Looking at the card [HAND R CARD C] which response is the largest amount you would
be willing to pay in increased taxes each year to decrease air pollution by 50

percent.

LESS ThAN $50 1 (SKIP TO Q 8a)

BETWEEN $50 AND $100 2 (SKIP TO Q Sb)

BETWEEN $100 AND $200 3 (SKIP TO Q Sc)

OVER $200 4 (SKIP TO Q 8d)

DK/NA 9 (SKIP TO Q 9)

IF "a" ASK

Ba. Would you be willing to pay $25 in increased taxes each year to decrease
air pollution by 50 percent?

YES 2

NO 1

DK/NA 9 (SKIP TO Q 9)
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If YES, repeat Q, raising the If NO, repeat Q, lowering the amount
amount until a "NO" response until a "YES" response is given.
is given.

$30 $20
$35 - $15 - -
$45 - $5 - -
$50 - SO -



IF "b" ASK

8b. Would you be willing to pay $75 in increased taxes each year to decrease
air pollution by 50 percent?

I

IF "c' ASK

Sc. Would you be willing to pay $150 in increased taxes each year to decrease
air pollution by 50 percent?

YES 2

NO 1

0K/NA 9 (SKIP TO Q 9)
1

If YES, repeat Q, raising the
amount until a 'NO" response
is given.

If YES, repeat Q, raising the
amount until a "NO" response
is given.

If YES, repeat Q, raising the
amount until a "NO" response
is given.

YES NO

$320
$340
$360
$380
$400

Other

-

$160 $140$170 - - $130 - -
$180 - $120 - -$190 - - $110 -
$200 $100

IF "d" ASK

8d. Would you be willing to pay $300 in increased taxes each year to decrease
air pollution by 50 percent?

YES 2

NO 1

DK/NA 9 (SKIP TO Q 9)

YES 2

NO 1

DK/XA 9 (SKIP TO Q 9)

If NO, repeat Q, lowering the amount
until a "YES" response is given.

If NO, repeat Q, lowering the amount
until a "YES" response is given.

If NO, repeat Q, lowering the amount
until a "YES" response is given

YES NO

$280
$260 -
$240 -
$220 -
$200 -
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!
$80 $70
$85 $65$90 - - $60 -
$95 $55
$100 - - $50 -



Air Quality - wrA

8. Now, we are interested in whether people would be willing to accept increased
air pollution in their community in order to get their taxes reduced. Let's

imagine that a large number of households are also asked this question and
that each household could have their taxes reduced by the average amount which
everyone indicated they would be willing to accept. In other words, taxes
would go down for everyone.

Suppose that a tax reduction would impair
regulations so that air pollution in your
increased by 50 percent.

Looking at the card [HAND R CARD C] which
duction you would be willing to accept if
percent?

the management of air quality
city/town/part of county would be

response is the smallest tax re-
air pollution increased by 50

LESS THAN $50 1 (SKIP TO Q 8a)

BETWEEN $50 AND $100 2 (SKIP TO Q 8b)

BETWEEN $100 AND $200 3 (SKIP TO Q 8c)

OVER $200 4 (SKIP TO Q 8d)

IF "a" ASK:

8a. Would you be willing to accept a $25 tax reduction each year if air
pollution were to increase 5G percent?

1

YES
NO
DK/NA

2

1

9 (SKIP TO Q 1,
PAGE 22)

132

YES NO YES NO

$20 $30

$15 - $35 - -
$10 $40 - -
$5 - $45

$0 $50

If YES, repeat Q, lowering If NO, repeat Q, raising the amount
the amount until a "NO" until a "YES" response is given.
response is given.



IF "b" ASK:

8b. Would you be willing at accept a $75 tax reduction each year if air
pollution were to increase 50 percent?

YES 2

-NO 1

DK/NA 9 (SKIP TO Q 1,v PAGE 22)I
If YES, repeat Q, lowering If NO, repeat Q, raising the amount
the amount until a. "NO" until a "YES" response is given.
response is given.

IF "C" ASK:

Would you be willing to accept a $150 tax reduction each year if air
pollution were to increase 50 percent?

YES 2

NO 1

DK/NA 9 (SKIP TO Q 1,
PAGE 22)

If YS, repeat Q, lowering If NO, repeat Q, raising the amount
the amount until a "NO" until a "YES' response is given.
response is given.

YES NO

$140
$160

$130 - - $170

$120 - - $180

$110 - - $190

$100 - - $200

IF "d" ASK:

Would you be willing to accept a $300 tax reduction each year if air
pollution were to increase 50 percent?

YES 2

NO 1

0K/NA 9 (SKIP TO Q 1,
PAGE 22)

£
If YES, repeat Q, lowering
the amount uniti a "NO"
response is given.

-

Other $

If NO, repeat Q, raising the amount
until a "YES" response is given.
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YES NO YES NO

$70 $80
$65 $85

$60 $90
$55 $95
$50 $100

$320$280

$260 - -- $340-$240 $360$220 - - $380
$200 - $400



YES 2

NO 1

OK/NA g (SKIP TO Q 1,
PAGE 15)

I

Household Safety - WTP

22. Now, we are interested in whether people would be willing to pay higher taxes

to reduce crime in their community. Let's imagine that a large number of
households are also asked this question and that each household would have to
pay the average amount everyone indicated they would be willing to pay. In

other words, taxes would go up but everyone would have to pay.

According to police records, there was one burglary for every households

last year in your city/town/part of county. Now, suppose that if taxes could

be raised to improve your police force, the burglary rate would be reduced

33 percent. [HAND R CARD C,] Now, looking at the card, which one response

is the largest amount you would be willing to pay in increased taxes each
year to reduce this type of crime by one-third?

LESS THAN $50 1 (SKIP TO Q 22a)

BETWEEN $50 AND $100 2 (SKIP TO Q 22b)

BETWEEN.$100 AND $200 3 (SKIP TO Q 22c)

.
OVER $200 4 (SKIP TO Q 22d)

DK/NA 9 (SKIP TO Q 1, PAGE 15)

IF R CHOOSES "a" ASK:

22a. Would you be willing to pay $25 in increased taxes each year to reduce

this type of crime by one-third?

If YES, repeat Q raising amount If NO, repeat Q lowering the

until a "NO" response is given, amount until a "YES" response

is given.

$30 $20

$35 - - $15

$40 - - $10

$45 $5
$50 $ 0
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IF R CHOOSES "b" ASK:

Would you be willing to pay $75 in increased taxes each year to reduce
this type of crime by one-third?

YES 2

I fNO 1

0K/NA 9 (SKIP TO Q 1,
PAGE 15)

If YES, repeat Q raising amount If NO, repeat Q lowering the amount
until a 'NO" response is given, until a "YES" response is given.

YES NO

$80 $70
$85 $65
$90 $60
$95 $53
$100 - $50 -

IF R CHOOSES "c" ASK:

Would you be willing to pay $150 in increased taxes each year to reduce
this type of crime by one-third?

I YES 2

I f-NO 1

I 0K/NA 9 (SKIP TO Q 1,
4, PAGE 15)

If YES, repeat Q raising amount If NO, repeat Q lowering the amount
until a "NO" response is given, until a "YES" response is given.

IF R CHOOSES "d" ASK:

22d. Would you be willing to pay $300 in increased taxes each year to reduce
this type of crime by one-third?

YES 1

I NO 2

.L
DK/NA 9 (SKIP TO Q 1,

PAGE 15)
If YES, repeat Q raising amount If NO repeat Q lowering the amount
until a "NO" response is given, until a "YES" response is given.

Other $

YES NO
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$320 $280
$340 $260
$360 - $240
$380 - $220 -
$400 - $200 -

$160 $140
$170 - $130
$180 - $120 -
$190 - $110
$200 - $100 -



Household Safety - WTA

22. Now, we are interested in whether people will be willing to accept increased
crime in their community in order to get their taxes reduced. Let's imagine
that a large number of households are also asked this question and that each
household could have their taxes reduced by the average amount which everyone
indicated they would be willing to accept. In other words, taxes would go
down for everyone.

According to police records, there was one burglary for every households
last year in your city/town/part of county. Now, suppose a tax de-
crease would weaken your police force, so that the burglary rate would
increase 33 percent. [HAND R CARD C] Now, looking at the card, which
one response is the smallest tax reduction you.would be willing to accept
if this type of crime increased by one-third?

IF "a' ASK:

22a. Would you be willing to accept a $25 tax reduction each year if this
type of crime were to increase by one-third?

YES 2

NO 1

DK/NA 9 (SKIP TO Q 1,
PAGE 15)I

If YES, repeat Q, lowering
the amount until a "NO"
response is given.

If NO, repeat Q, raising the amount
until a "YES" response is given.

$20 $30
$15 - $35 - -
$10 $40
$5 $45
$0 $50
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a. LESS THAN $30 1 (SKIP TO Q 22a1

b. BETWEEN $50 AND $100 2 (SKIP TO Q 22b)

c. BETWEEN $100 AND $200 3 (SKIP TO Q 22c1

d. OVER $200 4 SKIP TO Q 22d1

e. DK/NA 9 (SKIP TO Q 1, PAGE lSL



IF "b" ASK:

22b. Would you be willing to accept a $75 tax reduction each year if this

type of crime were to increase by one-third?

YES 2

NO 1

0K/NA 9 (SKIP TO Q 1,
PAGE 15)

L
If YES, repeat Q, lowering
the amount until a "NO"
response is given.

IF "c" ASK:

Would you be willing to accept a $150 tax reduction each year if
type of crime were to increase by one-third?

YES 2

NO 1

DK/NA 9 (SKIP TO Q 1,
PAGE 15)

If "d" ASK:

Would you be willing to accept a $300 tax reduction each year if this
type of crime were to increase hy one-third?

YES 2

NO 1

DK/NA 9 (SKIP TO Q 1,
PAGE 15)

1.

If NO, repeat Q, raising the amount
until a "YES" response is given.

If YES, repeat Q, lowering If NO, repeat Q, raising the amount
the amount until a "NO" until a "YES" response is given.

this
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YES NO YES NO

$70 $80

$65 $85

$60 $90

$55 $95

$50 $100

$160$140
$130 $170

$120 $180

$110 $190

$100 $200

response is given.

$280 $320
$260 - $340

$240 - - $360

$220 $380
$200 - - $400- Other $

If YES, repeat Q, lowering If NO, repeat Q, raising the amount

the amount until a "NO" until a "YES" response is given.
response is given.



APPENDIX D

Sampling Scheme, Sample Areas and Rates

Sampling Scheme

In Oregon, the number of interviews in each city, town, or rural

part of a county was derived from a formula to maximize the variance

in the burglary rate.* The exact formula is:

flj = (K1 + K2 lxi - Xml) Ni where, (1

ni = the number of interviews in sample location i

N1 = population of sample location I

Xj = burglary rate of sample location I

Xm = median burglary rate of all sample locations

K1 = 11m / Ni (where nm is arbitrarily set for median place)

K2 = (400 - K1 Ni) I 1X1 - XlNi

In Colorado, the sampling was proportional to the population.
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*This formula was constructed under the guidance of Dave Faulkenberry,
Statistics Dept., Oregon State University.



Sample Areas and Rates

* Orchard City and Meeker were coded as rural areas in the estimation
of the model because they do not have their own police departments.
Crimes in these towns are reported to the County Sheriff's Office.
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State County City/Town/Rural No. Interviewed

Oregon Clackamas Canby 3

Gladstone 3

Lake Oswego 10

Milwaukie 6

Mollala 1

Oregon City 5

Sandy 3

West Linn 10

Rural 61

Deschutes Bend 12

Redmond 1

Rural 20

Jackson Ashland 3

Central Point 1

Eagle Point 1

Jacksonville 2

Medford 33

Phoenix 1

Rogue River I

Shady Cove 1

Talent 3

Rural 37

Lane Coburg 1

Cottage Grove 4

Creswell 2

Eugene 82

Junction City 3

Oakridge 2

Springfield 27

Veneta 3

Rural 61

Colorado Delta Delta 50

Orchard City* 24
Rural 27

Garfield Rifle 22
Glenwood Springs 30

Rural 49

Montrose Montrose 50

Nucla 14

Olathe 37

Rio Blanco Rangely 51

Meeker* 40

Rural 9



APPENDIX E

Definition of Variables

)40

Table E.l presents the mean values of variables for the total

sample and by state. The samples are very similar in socioeconomic

characteristics. They differ in objective indicators, however, and

consequently differ in attitudinal and market expenditures. The

only apparent discrepancy between the objective indicators and other

variables is for TSP. Colorado's TSP measures, generally, ran higher

than Oregon's, 43-68 compared to 18-63. This is counter to what was

expected because Colorado's sample was all rural or small towns (the

largest town had a 1982 population of 19,708) and fewer people in

Colorado mentioned that air quality caused them health problems than

did in OR, 42 and 86, respectively. In addition the attitudinal and

market variables would be consistent with generally, lower air pollu-

tion levels in Colorado. State officials in both states maintained

that an explanation for this discrepancy would likely not lie with

differences in the standard monitoring equipment. The explanation

is likely to be with the differences in pollution sources. A major

source of pollution in Oregon is ash from seasonal field-burning

activities; dust is a major source of pollution in western Colorado.

Because TSP is a measure of weight (micrograms per cubic meter) and

dust is denser than ash, it takes a lower volume of dust to reach an

equal weight of ash. In addition, areas of Oregon are known to have



Table E.lMean Values of Variables Used in Safety from Crime
and Air Quality Models, by State

Jj41

Variable Total Oregon : Colorado

Common
AGE 44.2 45.5 42.8
INGONE : $23,513 $22,835 $24,279

Air Quality
SATAQ : 7.3 6.8 7.8

FILTER : $2.38 $4.08 $.67
HEALTH : $21.42 $27.07 $15.78
TSP : 47.21 36.76 57.65

Safety
SATPP 6.5 6.3 6.7

SEX .51 .52 .49

VICTIM : .11 .11 .10
MARKET $31.03 $36.48 $25.58
CRIME : 62.5 58.6 66.4



i1 2

high concentrations of air-borne allergens. The extent of the adverse

health effects of allergens is not measurable by TSP. For these rea-

sons, the model for air quality was estimated separately for each state.

The model for safety from crime was also estimated separately by

state. The difference between the objective indicator of safety for

the two states, the crime rate, is not large and there is no reason to

suspect variations in measurement between states. However, as describ-

ed in the text, earlier estimates of the combined data consistently

slwed a state dummy variable to be significant In the willingess-to-

pay equations.

Variables were measured as follows:

INCOME - In order to minimize missing data, respondents were asked

to indicate income ranges rather than their exact incomes. There were

10 ranges specified. These were later recoded to the median value of

the range specified. In addition, the nothing or loss category was

recoded in some analyses to a below poverty Income figure of $5,000.

SATAQ and SATPP - Satisfaction with air quality and satisfaction

with police protection from burgiarly and theft were measured on

Cantril's 11-point self-anchoring scale.

FILTER - The annual cost of air filters was calculated as the real

purchase cost divided by the expected years of service. Filters cost-

ing $30 or less were assumed to last 5 years and those costing more

than $30 were assumed to last 10 years. The purchase cost was adjusted

for inflation using the Consumer Price Index for other goods and serv

ices (Economic Report of the President, 1982).
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HEALTH - Health expenses were those incurred by the respondent

in the year preceding the survey for health problems due to poor air

quality which caused the respondent to seek physician services. These

expenses included those covered by third party payors. The justifica-

tion for using the full charge is that it provides a better indicator

of the full health losses due to poor air quality, including those due

to pain and anxiety.

TSP--The 1982 annual geometric mean micrograms of total suspended

particulates per cubic meter was recorded for the nDnitoring site

nearest the respondent's residence (Oregon Dept. of Environ. Quality,

Colorado Dept. of Health).

SEX--Sex equals 0 if female, 1 If male.

VICTIM--Victim equals 0 if not victimized, 1 if victimized. A.

victim, is defined as someone who indicated that their property was

illegally entered or that someone in the household was beaten or

robbed in 1982.

MARXET--The 1982 annual cost of market expenditures for protection

was calculated as the sum of the components of the annual real purchase

cost for 9 types of good (plus one miscellaneous category) which were

attributed to household safety. Creation of this variable required

the following assumptions: The variable costs associated with lights,

timers, and alarms are $2 per month and those associated with a dog are

$156 per year. Locks, lights, timers, marking, and alarms are assumed

to last 10 years. Pistols and rifles are assumed to last 20 years.

For all goods which the respondent indicated he or she were using but



for which other data on the purchase were missing, the mean value of

the good was substituted. The exception to this was for the miscel-

laneous category. However, an attempt was made to recode those goods

into specific good categories, where appropriate. The purchase cost

was adjusted for inflation using the other goods and services category

of the Consumer Price Index (Economic Report of the President, 1982).

The CPI series prior to 1967 is not comparable to later years, con-

sequently, goods purchased prior to 1967 re adjusted based on the

1967 index. The percent of a guard dog allocated to safety was assumed

to be zero for dogs purchased prior to 1967.

CRIME--The number of property crimes (burglary, larceny, and auto

theft) per 1,000 persons in 1982. These were calculated at the munici-

pal law enforcement jurisdication level where possible. For other

areas, the rate was based on the county sheriff's office reports.

For places reporting less than 12 months, figures were adjusted to a

12-month basis by assuming a proportional incidence of crime (Oregon

Law Enforcement Agencies, Colorado Bureau of Investigation).



APPENDIX F

Test Statistic for Test Involving the Equality
of Sets of Coefficients

The test for equality between sets of coefficients for equations

with mutually exclusive samples was devised by Gregory Chow. The test

statistic has an F distribution with k and N + M - 2k degrees of free-

dom, where k equals the number of parameters (including the constant),

N equals the number of cases In one group and 14 the number in the other.

The appropriate statistic is computed as:

(ESSr - ESSur)/k
=

(ESSur/(N + M - 2k)

where ESSur = ESS1 + ESS2 = the sum of the residual sums of

squares for the two groups

ESSr = the residual sums of squares for the combined groups

Consequently, the Chow test requires statistics from three regres-

sions, one for each of the groups separately and one for the combined

data. Results from tests using the Chow statistic are reported in

Table 7 of the text.
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