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where the units of the budget equal the units of the commodity

(i.e., a respondent's budget was in gallons of water), the implicit

price of each commodity equals 1.0. Utilizing the constant, k, in

the equation, as a "welfare weight" would enable groups of in-

dividuals to be ranked, according to policy makers' criteria. This

analysis assumed an equal welfare weighting (k 1.0) for all

individuals. However, this assumption does not exclude the possibil-

ity of using this type of analysis if some other welfare weighting

is desired.
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AN ANALYSIS OF STATED PREFERENCES FOR

MARGINAL WATER ALLOCATION IN THE

WESTERN UNITED STATES

CHAPTER I

CONSUMER PREFERENCE ANALYSIS

Introduction

The general public has often perceived water as a resource much

different in nature than other natural resources. There has existed a

"peculiar, metaphysical line of reasoning which seems to pervade pub-

lic thinking about water; the 'water-is-different' or the tmagic_of.

water' philosophy"[Hirshliefer, p. 367, 1960]. Such philosophy has

led individuals to imagine water as a free good, where the cost to

users should not be more than net cost of production and delivery

[Kelso, 1967]. The "magic-of--water" philosophy has also led to other

images of water, as described by Kelso [19671, which were (1) the sur-

vival image; (2) the image of irrigation fundamentalism, where agri-

culture has been perceived as the basis of any society; (3) the desert

image, where water has been viewed as truly scarce, implying more

must be placed there for a society to be a viable economic unit;

(4) the idyllic idol image, where water has been deemed necessary

for enhancement of the environment; and (5) the recreation image,

where man has felt water must be present for his enjoyment and for

future generation's enjoyment.

Historical and current water laws and water development pat-



2

terns have reflected such images of water. For example, the appropri-

ations doctrine has dominated western U.S. water rights laws. The

doctrine insures that individuals have the right to water access, al-

though they may not live near the water source. When the West was

being settled, wars between landowners often occurred over allocation

of water. The underlying reasons for the disagreements which occurred

then and which still occur have probably been due to the images people

have held for water. In the West and in the U.S.., as a whole, there

has existed within society a feeling that every individual was enti-

tled to water for whatever use he/she wished. Because every individ-

ual may not have been able to pay the market price for water and thus,

would be excluded from consuming it (which would be against the "pub-

lic good" image), the government began to supervise water allocations.

Consequently, water allocation has been insulated from pressures of

competitive markets that individual preferences and demands would

have otherwise altered [Kelso, 1967]. Because water programs and pro-

jects have been divorced from market activities, it has been argued

that water allocations were economically inefficient and active com-

petitive markets should have been allowed to correct inefficiencies

lEckstein, 1958; Kelso, 1967]. However, since water has been and pro-

bably will continue to be a nonmarket good allocated under government-

al auspices, improvement of the current allocation system is perhaps

a more appropriate problem to consider.

By law, governniental agencies must obtain public input for de-

velopment of water programs and policies (in addition to other natural

resource programs). Since, "the public from this point on, is going
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to intrude in public decisions" [Doerksen and Pierce, p. 6, 1976], it

would seem appropriate to use that input in such a way that would bet-

ter the present system.

Problem Statement and Objectives

The Soil and Water Resource Conservation Act (RCA) of 1977,

P.L. 95-192, directed the Secretary of Agriculture to examine and

evaluate the status, conditions, and trends in soil, water, and re-

lated resources in the United States IUSDA Part I, 1981]. In response

to this mandate, the Soil Conservation Service (SCS) of the United

States Department of Agriculture (USDA) contracted Louis Harris and

Associates, Inc. to conduct a nationwide survey entitled, "A Survey of

the Public's Attitudes Toward Soil, Water, and Renewable Resources

Conservation Policy" (RCA Survey), as part of public participation ac-

tivities undertaken to help design and develop future USDA conserva-

tion' programs [USDA, 1980J. Accordingly, the major purposes of the

survey were (1) to assess the public's level of understanding of soil

and water conserv'ation programs and problems; (2) to determine the

level at which the public believes in the conservation ethic; (3) to

estimate the public's preferences with respect to the allocation of

land, water, and financial resources among competitive uses and among

alternative soil and water conservation programs; (4) to examine pub-

lic attitudes toward alternative options for increasing domestic

1/ Conservation, by definition, is "the official care and protection
of natural resources, as forests" [Guralnik, Ed., p. 302, 1978].
The USDA is entrusted with the design of soil and water conserva-
tion programs in this country. Hence, they must develop conserva-
tion programs to manage those resources, where conservation is de-
fined in the strictest sense.
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energy stplies; (5) to assess public perceptions of the structure of

agriculture in the U.S.; and (6) to examine public views on the citi-

zen participation process in Federal government decision making IUSDA,

1980].

Th.e findings from this survey were released by M. Rupert

Cutler, then Assistant Secretary of Agriculture for Natural Resources

and Environment, on January 17, 1980. To date, the information ob-

tained has had little effect on USDA decision making and planning pro-

cesses. In spite of amassing four volumes of data from the RCA Sur-

vey, only a one page summary of those results can be found in the sub-

sequent RCA report [USDA Part I, p. 317, 1981]. If the survey results

are to be more useful to the USDA, in general, and specifically to the

SCS in development of multi-objective conservation programs, a more

meaningful presentation and anaIysis of the public's revealed prefer-

ences is warrented.

The most democratic method of making public policy, according

to Edwards and Sharkansky, [1978], is for policy makers to follow

public preferences. This method requires, first, the public in ques-

tion to have opinions and preferences not molded by policy makers and

second, for those preferences to be discernable to policy makers.

Third; the method requires policy makers to actually follow public

2
opinion.

Considering the above requirements, there may be little

21 Some have argued that governmental agencies and institutions have
no desire to determine preferences of the general public; that bu-
reaucrats respond only to elite groups, and make their decisions
behind closed doors [Downs, 1967 Mazmanian., 1976; Mazmanian and
Nienaber, 1976].
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justification for invalidating a public opinion survey on the basis

that individuals interviewed did not have perfectly formed prefer-.

ences. In theoretical treatments of consumer behavior, individuals

are generally assumed to act rationally, where rationality is de-

fined within the bounds of specific assumptions about preference

orderings for bundles of goods. Such assumptions about consumers

lead to the conclusion that individuals will state their preferences

in a manner that reveals their highest possible (given constraints)

level of satisfaction at that point in time. However, economic

theory implies little about the underlying forces that result in

optimal choice. Theory implies that an individualTs behavior gen-

erally would follow theoretical predictions under given assumptions.

Therefore, it does not matter how or by whom their opinions were

formed (contrary to Edwards and Sharkansky's [1978] first require-

ment). Such subjectivity is within all individual preferences and

daily decisions, and does not necessarily inhibit decision making

processes. It is that subjectivity, in fact, which the analyst

seeks to measure, while interjecting as little bias as possible.

cause individual subjectivity is an inherent part of reality, of

which policy makers are faced with when defining policy, the use

of public opinion surveys as a data source may be the most appropri-

ate information base for policy makers, when dealing with non-

technical issues.3

If Edwards and Sharkansky's [1978] second requirement is

3/ Decision theory analysts generally advocate the use of expert pan-
els for policy making processes of a technical nature [Kenny and
Raiffa, 1976; Gum, 1982].
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interpreted in a manner where "discernable public preferences" implies

discernibility of individual preferences, then the requirement is a

moot point, theoretically. It is generally assumed individual pref-

erences are unique representation of that individual's level of

satisfaction at that point in time. A person's attainment of a

given level of satisfaction or utility is a reflection of his/her

personal tangible and intangible attributes. As a result, the problem

may not be one of indiscernable preferences, but rather of prefer-

ences being so discernible and varied that policy makers may have

difficulty interpreting their meaning.

However, if "discernab'le public preferences" in the second re-

quirement, refers to discernability of preferences among groups in the

public sector, the requirement becomes more relevant. If several dif-

ferent policy options were presented to the public, in a manner that

would allow them to rank each option, then grouping data and rank or-

cering of policy options by preferences could be accomplished. Such

methods of "discernment" are important for profitable use of question-

naire data. However, it should be noted that proper construction of a

questionnaire is important if grouped data is desired.

While the third requirement set out by Edwards and Sharkansky

certainly appears to be a crucial element in the use of public opinion

surveys, it lies beyond the focus of this discussion. It is within a

researcher's realm to analyze and interpret data and to then present

the results and alternative options in an unbiased a manner as possi-

ble. Afterwards, it is policy makers who evaluate public opinion in

iaking judicious decisions. Since a policy maker's job is to evaluate



options and predict consequences of alternatives pertaining to a

given policy, he/she should have all relevant information that

would enable such evaluation to occur. Although, the analyst/re-

searcher is not part of decision processes, he/she can try to

present clear information that may facilitate such policy making.

The purpose of this research is to present information from a

public opinion survey in a framewor]c, which will allow policy iiakers to

make decisions with greater ease. A policy framework for public pre-

ferences toward marginal water allocation in the western United

States, stated in the RCA Survey tdescribed earlier), will be present-

ed. The data are obtained from one question4 in the RCA Survey, with

a sample size of 1,527 individuals, obtained from eleven western

states. The data analysis will be developed through use of consumer

behavior theory.

41 Question #17. Here is a board which shows a number of uses for
which water is in great demand. Now let's asswie that there was
enough water to meet the minimum needs for each of these uses.
From each additional 100 gallons of water available, how would you
divide up those gallons among the different uses? Suppose each of
these cards stands for 5 gallons of water - 100 gallons altogeth-
er. .Just divvy up the cards among the boxes shown on this board
to show how you think these additional 100 gallons of water should
be used. The competing uses are:

water for household use,
water for industry and jobs.,
water for producing food,
water which fish and wildlife need to live, and
water for developing energy resourcest

[USDA, p. 12, 1980].



Summary

In recent years, public (individuals and groups) input has begun

to play a larger part in political decision making processes than it

had previously. Such change has been partially due to public laws and

governmental agencies that require such input be considered in policy

analyses. Hence, the present research will specifically analyze pub-

lic preferences toward water allocation in the western United States,

based on data from the RCA Survey. The infortion was obtained for

the USDA, who feels that due to population growth, industrial develop-

ment, and changing water use priorities, which have been placing new

demands on water in western states; "There is a need for interdisci-

plinary research and extension activities to evaluate competing demand

for water in the West . . ." [USDA Part II, p. 20, 1980]. In response

to the perceived need from the USDA, the RCA Survey data will be used

to set up a framework, which may allow policy makers to better evalu-

ate competing water demands in the West.

After a review of literature dealing with individual preferences

and their associated measurements of satisfaction in Chapter II,

Chapter III will contain a discussion of consumer behavior theory,

which is the basis of this research's policy frainewoxlc. Chapter IV

will form the methodology for the consumer preference analysis, in

cluding a more complete description of the data and a presentation of

the methodo-logical technique. The results and conclusions of the a-

nalysis will then be presented in Chapter V, along with a discussion

of the data and methodology. A brief discussion of future research

needs will also be included.

8



CHAPTER II

REVIEW OF LITERATURE

Introduction

Increased public awareness toward policy issues and specifi-

cally toward natural resource conservation issues has been an impetus

for increased study of individual perceptions and attitudes. The un-

derpinnings of such study lie in the basic precepts of utility and

demand theory. This chapter will discuss some of the literature cov-

ering those basic precepts. In addition, literature which examines

methods of estimating utility functions will be presented, as well as

literature specifically relating to analysis of survey data.

Basic Precepts in Utility Theory

Utility theory provides the basis for demand theory, and as

such, has undergone parallel developments. Jeremy Bentha3n (1748-1837),

the leading philosopl-ier of utilitarianism, advocated the concepts of

measurable i2tility and interpersonal comparison. His guiding princi-

ple was "the greatest happiness principle" [Stark, p. 91, l952}, now

commonly known as maximization of utility. The government's role in

utility maximization was to ensure "the greatest happiness of the

greatest number of individuals belonging to the community in ques-

tion [Stark, p. 92, 1952], according to Benthain. This theory dealing

with measurable, i.e., cardinal utility continued for over a hundred

years; through Gossen (1810-1858), Jevons (1835-1882), Walras (1834-

1910), Menger (1840-1921), and Marshall (1842-1921).

9
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In 1854, Gossen presented a theory of consumer behavior based

on three principles, which were later rediscovered independently and

compiled into marginal utility theory by Jevons, Walras, and Menger

[Gossen, 1854]. Gossen.'s first law set out the concept of diminishing

marginal utility with respect to a single commodity. The second law

stated that an individual would have maximized his utility from spend-

ing all his/her income only if the utility gained from the last item

bought was the same for each commodity. Derived from the first two

laws, Gossens' third law stated that a commodity has a subjective

value, which diminishes with each additional unit owned, decreasing

eventually to zero [Gossen, 1854]. Jevons 119241, Wairas [1954],

and Menger [1950], all working independently, then set out a theory

of marginal utility in the 1870s.

In the late 1800s and early 1900s, Marshall (1842-1924) [1922]

compiled and refined the elements set out by the earlier economists.

In his theory of vahie, Marshall showed how the demand for a commo-

dity is dependent upon the consumer's utility, where diminishing mar-

ginal utility occurs with each additional purchase. From here, he

went on to develop price and demand and supply relationships. Itar-

shall's work developed microeconomics into a comprehensive theory,

although, even he recognized it was perhaps an oversimplification,

since complementary and competitive goods were not taken into account

and marginal utility of money was assumed to be constant [Hicks, 1946].

Economists had difficulty accepting the theory of value even

before Marshall's work. Edgeworth (1845-1926) criticized Jevons' de-

velopment of marginal utility and in so doing, invented indifference
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curve analysis [Edgeworth, 1881]. Based on work done by Wairas and

using Edgeworth's analysis, Pareto (1848-1923) [1909; Hicks, 1946]

further developed analytical economics based on ordinal, rather than

cardinal, measures of utility, focusing on complementary and competi-

tive market such that the ratios of the marginal utilities of com-

modities exchanged would equal the ratio of the prices. Hence, an

optimum point of exchange could be defined without comparing inter-

personal total utilities [Hicks, 1946]. Although his work remained

unnoticed for about thirty-five years, Slutsky (1880-1948)[1915}

showed how the concept of ordinal utility could be used to build a

comprehensive theory of consumer behavior, without the underlying as-

sumption of measurable utility [Hicks, 1946]. Hicks (1904- ) and

Allen (1906- ) discovered Slutsky's work and based upon it, showed

how indifference curves could be used to analyze consumer behavior

in an ordinal context [Hicks and Allen, 1934]. Hicks and Allen were

not entirely original in their work, since so much of it was a re-

statement of Slutsky's earlier piece. It did, however, bring the

concept of ordinal utility to the forefront of the profession.

With the recognition and general acceptance of ordinal utility

theory, development of the dual approach to utility maximization was

a natural extension of theoretical research. Slutsky [1915] present-

ed the first discussion showing how the cost function could be used

as an alternative to the utility function for a representation of

preferences, but again, it was not recognized until Hicks and Allen

presented it later in their 1934 article. Other substantial works on
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the dual approach to utility maximization may also be found in Samuel-

son [1947], Hotelling [1935], and McKenzie [1956-7].

After Hicks and Allen, Samuelson [1938] further developed the

theory of consumer behavior by presenting an analysis based only on

information obtained from consumers when actual choices were made un-

der various income-price situations. This "revealed preference" a-

nalysis enabled the "law of demand," i.e., "that compensated demand

functions can never slope upwards" [Deaton and Muellbauer, p. 44, 1980]

to be proven, without having to assume measurable utility and without

having to construct indifference curves. Such analysis permits con-

sumer behavior study outside the constraints of individual utility de-

finition and/or measures. Houthakker [1950] continued revealed pre-

ference work and proved some of the axioms set forth by Samuelson

[1938].

While refinement of consumer behavior under certainty was oc-

curing, an analysis of consumer behavior under uncertian conditions

was being developed. Work done in the relatively new area of choice

under uncertainty was based upon much earlier research by Daniel Ber-

noulli (1700-1782). Bernoulli's hypothesis states that the decision

of an individual on whether or not to accept a certain gamble, depends

upon the level of utility attached to the sums of money involved; not

just the sums, themselves [Dillon, 1971]. Based on this hypothesis,

the approach of the theory of choice under uncertainty is to then max-

imize expected utility.

The Bernoullian hypothesis was not utilized until much later,

when Knight's (1885-1973) [1921] influenced work, distinguishing
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the difference between risk and uncertainty was presented.5 His work

was later followed by Ramsey [1931] and von Neumann and Morgenstern

[1947]. However, it was not until Savage's [1954] work of The Founda-

iions of Statistics that the economics profession began to recognize

the theory of choice under uncertianty. Later pieces followed by

Raiffa [1968], Arrow [1970], Degroot [1970], and Drze [1974].

Von Neumann and Morgenstern's work in 1947 did, however, set

forth a new cardinal utility theory6 for the ranking of alternatives

involving known probabilities. Out of von Neumann and Morgenstern's

work, others [Bell, Keeney, and Raiffa, Eds., 1977; Fischer, 1979;

Keeney, 1975, 1976; Keeney and Raiffa, 1976] have developed cardinal

utility measures based on Bernoullian decision theory. A good over-

view of utility theory based on Bernoullian analysis may be found in

Dillon [1971] and in Chapter 4 of Anderson, Dillon, and Hardaker

[1977].

Prior to and after such research in Bernoullian theory, work in

the area of psychophysics7 had been developing. The founder of psy-

chophysics, Gustav Fechner [1897], built upon earlier work by E. H.

Weber to develop the "fundamental law of psychophysics," which, as

5/ Uncertainty exists when there is more than one possible outcome to
a course of action, where the form of each possible outcome is
known, but the probability of obtaining any one outcome is not
known. Risk defines a Situation in which the probabilities of ob-
taining certain outcomes are known [Baumol, 1977].

6/ Von Neumann and Morgenstern's cardinal utility measure was in no
way related to the neoclassical cardinal utility measures, as
discussed earlier.

7/ Psychophysics is a branch of psychology which studies the effect
of physical processes upon the mental processes of an organism
[Guralnik, Ed., p.1176, 1978].



8/ As given by Schumpeter [1954], Bernoulli's hypothesis is as
follows:

dx dy k
dv = k - , or = -

x dx x

where k = factor of proportionality
x = individual income
y = satisfaction derived from income.

Consequently,

y = k = k (log b-log a) k log (k),

where a = threshold level of income necessary for
existence

b = level of income (b> a)
y = total satisfaction

14

Schunipeter [1954) noted, was "formally identical" [p. 1058] to Ber-

noulli's hypothesis8 regarding marginal utility of income. Thus,

both 'the Weber-Fechner Law and Bernoullis hypothesis use a logarith-

mic function to describe the relationship between a sensation or

utility and stimula [Schuinpeter, 1954]. Such a conclusion implies

that the Weber-Fechner Law is a semi-log function (if Schumpeter's

interpretation of Bernoulli's hypothesis is correct). The Weber-

Fechner Law would then be as Osborne [1959) has stated: that equal

ratios of physical stimulus, for example, sound frequency or light

intensity, correspond to equal intervals of subjective or perceptual-

sensation, such as brightness or noise.

However, other authors have interpreted the Weber-Fechner Law

differently. According to Stevens [1966], the Law states that "equal

stimulus ratios produce equal perceptual ratios" [p. 530]. Much

later, Breault [1981] utilizes Schunipeter's quote, which states the

identical nature of Bernoulli's hypothesis and the Weber-Fechner Law,

to link the psychophysicists' work to Bernoulli's hypothesis that
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utility of income exhibits diminishing marginal utility.

However, Stevens' definition of the Weber-Fechner Law is not

identical with Bernoullis's hypothesis, since Stevens' interpretation

results in an approximately logarithmic function of multiplicative

form. Such a function is "approximately logarithmic" (as opposed to

logarithmic) because, the functional relationship postulates equal

porportional changes (satisfaction) for given proportional changes

(stimuli), instead of equal proportions for given logarithmic changes.

[Alexander, 1961]. Application of either functional relationship

will yield nearly identical results, as long as the proportionate

changes are very small. Hence, as the proportionate changes in some

stimuli approach zero, the resultant functional relationship approaches

one of a logarithmic form. Such a result is in accordance with a

basic concept of the Weber-Fechner Law (as defined by Stevens); that

is, the proportionate stimulus change is one that a person can just

barely discern, referred to as a "just noticeable difference" (JND).

Employing the concept of a JND which may be transformed to linear

data, permits analysis of data in a logarithmic context, instead of

in its original curvilinear form.

Empirical Approaches to Utility Estimation

Thurstone [1927] was the first to develop a method for measure-

ment of perceived stimuli, albeit, an indirect method, based upon the

Weber-Fechner law. The Fechner-Thurstone approach defined the "Fech-

nerian scale of length," which is obtained by counting off "units of

variability" of human judgements, referred to as just-noticeable
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differences (JND). Such a scale is an approximate logarithmic func-

tion of physical length, where variability of judgement, i.e., the

JND, is roughly proportional to the magnitude of the stimulus [Thur-

stone, 1927, 1959]. Hence, even though values of subjective sensa-

tions are not measurable, changes in sensation are, since they can

be measured experimentally and thus fulfill the measurability cri-

teria, stated earlier [Osborne, 1959].

Eckman [1956, 1959, 19621 showed that Thurstone's scale of

JND was an approximately logarithmic function and demonstrated that

on quantitative continua, the variability, in subjective units,

tended to increase as a linear function of the subjective (perceived)

magnitude. During the same time, Stevens [1953, 1957, 1959, 1963]

developed a method, called magnitude estimation, to directly measure

an individual's marginal utility for various stimuli. Magnitude

estimation techniques rest on a mathematical function, i.e., a power

function, which describes the relationship between sensation and

stimuli. The power function, as developed by Stevens, is shown

as

(1)

where U perceived sensation magnitude, beginning

at some threshold level,

k = constant specifying the unit of scale

= physical stimulus

= power exponent determining the relation-

ship between environmental or physical

stimulus and the perceived magnitude,
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if equal stimulus ratios produce equal perceptual ratios (i.e., the

law of proportionate change) [Stevens, 1966]. Hence, a proportionate

change in p for a ratio change in is constant; so that if, for

example, there was a proportionate increase in temperature, , the

perceived increase of heat would diminish with each additional temper-

ature increase, but the relative change, , in p for a change in

would remain the same.

The power function, as stated above and using Stevens' defin-

ition of the Weber-Fechner Law, may take the form of a double log

function,

ln= lnk+ lnc (2)

where the exponent, , defines the slope of the line. Using the pre-

vious heat-temperature example, the stimulus-sensation relationship

may be roughly shown in Figure 1 (for < 1).

Galanter [l63] was the first to attempt to measure utility of

money using the psychophysical measures of magnitude as set forth by

Stevens. His study and others that followed, focused on determining

the marginal utility for money for the power function, defined as in

equation (1), where

= U = utility

= D = money, or dollars.

However, Galanter obtained only three data points at equal log inter-

vals on the dollar continuum, from which he estimated the equation,

U = 3.71 D°4. (3)

Galenter's analysis implies that the marginal utility of money is a

decreasing function. The methodology underlying this result has met

with much skepticism and disapproval in the economics profession (for
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Temperature 4

Figure 1. Example of stimulus-response relationship
defined by a power function ( < 1)
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example, see Weber [1975]). The experiment has been repeated and

verified [Stevens, 1972; Galanter, 1974, 1975; Galanter and Pliner,

1974]. Besides, estimating the marginal utility of money, Stevens

[1969] had done an earlier experiment to test the subjective intensity

of taste; using the power function. Later, Hamblin [1971] utilized the

power function to estimate utility of wages received.

All the psychophysical studies described above have measured

only one stimulus when estimating a stimulus-sensation relationship.

While such research has been invaluable for verification of the power

function as an appropriate representative of subjective stimuli, many

policy problems involve conflicting objectives defined over multiple

values or attributes. Earlier research by Bell [1974] attempted to

determine and quantify preferences for a forest region that was sub-

ject to outbreaks of Spruce Budworm. Conflicting objectives occurred

among the logging industry, environmental groups, and professional

foresters outside the logging industry. However, by focusing on sev-

eral conflicting variables, his study forced individuals to think

about and question which goals and objectives were most important in

maintaining the forest; an important first step in actually defining

a value function.

Keeney [1976] outlined several environmental problems, involv-

ing multiple conflicting objectives, in which preferences were quanti-

fied through use of a multiattribute utility model. Bernoullian de-

cision analysis in the context of such a model depends upon (1) the

probabilities of various possible consequences resulting from each

alternative choice and (2) the relative desirability of those possible
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consequences. Keeney refers to this as an "impact model" and subse-

quently develops a "preference model," which quantifies an individ-

ual's preferences into a utility function. When multiple objectives

are involved, the degree to which each objective is met is indicated

by a measure of effectiveness or attribute. This multiattribute

utility function is then, an objective function scaled in a manner

such that the expected utility calculated for an alternative is an

appropriate measure of the desirability of that alternative, in cases

involving uncertainty [Keeney, 1976]. A multiattribute utility analy-

sis is appropriate when there exists "(1) multiple objectives, (2)

uncertainties about the impact, (3) impacts over time, (4) many im-

pacted groups with diverse interests, and (5) multiple decision mak-

ers" [Keeney, p. 5, 1976].

Rausser and Yassour [1981] also apply Bernoullian decision

analysis in specifying a multiattribute framework, emphasizing con-

flicting objectives and uncertainty, for determining price policy for

rice in the Philipines. The value of presenting such a framework for

analysis may be to; (1) provide focus for major policy conflicts, (2)

provide tradeoff values among conflicting objectives, and (3) present

subjective perceptions among groups affected by certain policies

[Rausser and Yassour, 1981]. Additionally, psychophysicists, Hamblin,

Clairmont, and Chadwick [1975] use the inultiattribute framework to

test hypotheses about niultivariate utility equations with regard to

gambling.

All such multiattribute frameworks based on von Neumann and

Morgenstern's utility theory, as are the frameworks described above,
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utilized direct techniques for utility estimation, which again, are

based on the power function set forth by Stevens, but involve more

than one stimulus. A multiplicative/multiattribute power function is

used, such that
n

=k II 'i (4)

i=l 1

where IP = perceived magnitude, beginning at some

threshold level

k constant specifying the unit of scale

physical stimulus

= power exponent determined by the physi-

cal stimulus

i i,. . . ,n number of stimuli.

Hamblin and Smith [1966] use the multiplicative power function to es-

timate a stimuli/response relationship between status of graduate

students and of professors, as a function of teaching ability, publi-

cation effort, length of experience in the discipline, social inter-

action, etc.

Gum [1973] applies the work done by psychophysicists to utility

estimation of public goods, specifically environmental aesthetics,

where direct prices to the consumer are zero. Thus, as in the psycho-

physical literature, price is not a factor in determining which aes-

thetic qualities affect utility. Gum utilizes Metfessel's [1947]

general allocation test by asking an individual to allocate 100 points

among various attributes associated with water quality aesthetics, as

a means of defining preferences. The multiplicative power function,

as defined in equation (4), is used, with a restriction that the sum
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of all equal 1.00. Thus, the function is homogeneous to degree

one, following the law of proportionate change. Judge [1975] also

utilizes the psychophysical approach for quantifying public input re-

lated to water resource planning and for defining the subsequent

"satisfaction function". Gum, Roefs, and Kimball [1976] again use

Metfessel's methodology and the power function to estimate satisfac-

tion levels associated with aesthics, recreation, and economics.

Arthur [1977, 1981] and Gum, et al. [1982] also use the power func-

tion, based on the law of proportionate change, to estimate prefer-

ences for predator (coyotes) control and for water quality improve-

ment projects, respectively.

Summary

The theory of utility estimation has followed a long and com-

plex route since its inception over 200 years ago; one that is much

too long to present in detail here. However, in this brief overview,

techniques for utility estimation have taken, somewhat, a full cir-

cle; through economists and throughpsychophysicists, who have done

more in recent years to empirically estimate utility than have econo-

mists. Empirically estimating preferences may prove useful in policy

analysis, where use of subjective indicators as "bellweathers" would

perhaps enable planners to approach issues in a more timely fashion,

rather than wait for people's behavior to point out a problem [Knox,

1979]. Subjective social indicators may then be very appropriate

"indicators as basic orienting instruments, identifying and clarify-

ing the broad issues at stake in the location and allocation of

public goods" [Knox, p. 303, 1979].
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With Knoxts view in mind, this research continues in its analy-

sis of public preferences for water allocation by presenting the

theoretical underpinnings of the analysis in the next chapter, follow.-

ed by the methodology and its results.



CHAPTER III

THEORY OF CONSUMER BEHAVIOR

Introduction

The theory of consuier behavior and specifically, utility

theory, has undergone a great deal of change since its development by

Bentham and the early cardinaljsts (i.e., Gossen, Jevons, Wairas,

Menger). Utility measurement in the context of the cardinalist school

was synthesized by Marshall in the early 1920s. After being confront-

ed with the ordinalist approach of non-measurement, formulated by

Samuelson, a new cardinalist approach involving cases under uncertain-

ty was presented by von Neumann and Mrgenstern. Both the neoclassi-

cal and the more modern approach were developed around indirect mea-

sures of utility. Psychophysicists, in contrast, set forth a techni-

que for directly measuring utility or perceived satisfaction, based

on stimulusJresponse relationships.

This chapter will first discuss the theory of the early cardi-

nalists and their approach to utility measurement, after which, the

theory behind von Neumann-Morgenstern's cardinalist approach will be

presented. The final section of this chapter will focus on the psy-

chophysicists' approach to utility measurement, as it is the approach

most relevant to this particular research.

Indirect Utility Measurement - Neoclassical Cardinalists

22

While developing the foundations of consuner theory, early day

utilitarjans (cardinalists) became immersed in the problems of explicit
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utility measurement and of aggregation of individual utility. Such

concepts were central to the cardinalists' school of thought and

therefore will be the focus of a brief discussion here.

One of the cardinalists' basic assumptions regarding consumer

behavior was that of perfect information) where all decisions were

made with certainty. The cardinalist framework for utility measure-

ment was one, then, of a deterministic nature; where an individual's

consumption of goods was considered to result in some psychic satis-

faction, the level of which could be measured in units, referred to as

utils. As a result, utility was measured on an absolute scale, ac-

cording to some defined utility function., unique for every individual.

However, because measurements were well-defined, both interpersonal

comparison and aggregation of utilities were assumed. Aggregation of

maximized individual utilities was used as a measure of optimal social

well-being, reflecting Bentham's "greatest happiness for the greatest

number" principle.

while the presentation of well-defined utility measurements was

one aspect of the cardinalistst theory, development of the general law

of diminishing marginal utility was probably their most significant

contribution to consumer behavior theory. Observed consumer be'havior

led to such a development, which mathematically implied the existence

of concave total utility functions and surfaces, with positive first

derivatives) evaluated for any value of the argument and with negative

second derivatives (which implies a function increases in its argu-

ments at a decreasing rate). This implies, for a strictly quasi-con-

cave function (which is generally assumed), that
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U = f(x1,x2)., (5)

where U utility

x. = some conwiodity

i = 1,2,

2f12f1f -f f2-f f2>0,
2 112 221

where f1,f2 first order partials evaluated at

some x1,x2

= second order partials evaluated at

some x

= second order cross-partials evaluated

at some x1,x2 tHenderson and Quandt,

p. 11, 1980].

This concept carried over to the ordinalists and has continued to be a

useful part of present day utility theory.

Indirect Utility Measurement

von Neimiann-Morgenstern "Cardinalists"

Von Neiann's and Morgenstern's approach to utility theory and

utility measurement is a cardinal approach in that cardinal, by defi-

nition, refers to a nunerical measure. These measures, however, are

not scaled by absolute units, as are earlier cardinalist measures.

Consequently, the two measurement techniques bear little resemblance

to one another.

The von Neumann-Morgenstern or Bernoullian utility theory asso-

(6)
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dates the outcome of each uncertain event with a known probability9

to determine the expected value and thus, calculate an individual's

expected utility when faced with given alternatives. Bernoulli's

Principle (postulated in 1738) is synonymous, then, with the Expected

Utility Theorem, set forth by von Neann and Morgenstern iii 1944 (as

a rediscovery of Bernoulli's work). The Theorem states that a utility

function, U, exists, which associates a single index nnber with any

risky prospect faced by the decision maker; assuming the decision mak-

er's preferences do not violate axioms of ordering, continuity, and

independence [Dillon, 1971]. Such axioms are the underpinnings of

Bernoullian theory and are, as briefly stated by Dillon [1971]:

Ordering: An individual's order of preferences among

risky alternatives may be defined, whereby the individual pre-

fers either outcome C1 to C2, or prefers C2 to C1, or is in-

different between the two. However, if he/she is faced with

three risky outcomes and prefers C1 to C2 and prefers C2 to C3,

then he/she will also prefer C1 to C3. (An individual may also

be indifferent to all three prospects.)

Continuity: If an individual prefers C1 to G2 to C3,

then there exists some unique probability, p, such that he/she

is indifferent between C2 and a gamble with p probability of

yielding and is indifferent between G2 arid a gamble with

(l-p) probability of yielding C3.

Independence: If C1 is preferred to C2 and G3 is another

SI When the outcome of each uncertain event is associated with a

known probability distribution, the event is then defined as
risky, not uncertain.
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prospect, then a gamble with C1 and C., as outcomes

will be preferred to a gamble with and C3 as outcomes; as-

surfing the probability of C1 and occurring is the same in

each case.

When a decision maker's preferences are in accordance with the above

axioms the Expected Utility Theorem exhibits the following proper-

ties; again as outlined by Dillon [197fl:

If C1 is preferred to C2, the U(G1) > 0(G2). Conversely,

if G2 is preferred to C1, then U(G2) > U(G1).

If some C has a set of outcomes {g} distributed according

to some probability distribution f(g), then

0(G) E U(G), (7)

where U(G) the utility of G,

E 0(G) the expected utility of G.

When f(g) is discrete

B 0(G) U(g)f(g), (8)

g

and when f(g) is continuous,

B 0(G) $ U(g)f(g) dg. (9)

-

Since BU(G) is a weighted (by the probabilities) mean of 0(G) and

equal to 0(G), only the first moment or mean of the probability dis-

tribution f(g) is relevant when analyzing choice under Bernoullian

conditions. Additionally;

A utility function is unique only up to a positive scalar

transformation. Hence utility is measured on an arbitrary

scaled as a positive linear transformation of U(G) will repre-

sent 0(G) just as well as the original.
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The axioms and resulting properties of Bernoullian theory pro-

ride a method for ranking risky outcomes in order of preference, where

the outcome most preferred is that with the highest utility. As a re-

sult, Bernoulli's Principle implies an individual maximizes his/her

utility and, in the process, also maximizes his/her expected utility.

Direct Utility Measurement - Psychophysical Cardinalists

Psychophysicists do not and can not make the claim to "Bernoul-

han utility theory," as did von Neumann and Morgenstern in their 1944

piece. However, the basis for psychophysicists' direct utility mea-

surement techniques is found in some of Bernoulli's work in gambling

theory. Bernoulli hypothesized that an individual's utility for money

would increase in a logarithmic fashion (implying that utility would in-

crease at a decreasing rate, as money increased). Through indirect

measurement, datawere obtained which verified his hypothesis,10 yield-

ing an approximately logarithmic functional form [Hambhin, Clairmont,

Chadwick, 1975]. Weber ard Fechner later utilized Bernoulli's results

to develop the "fundamental law of psychophysics", also a mathematical

function of logarithmic form.

As noted in Chapter II, disagreement is found in the literature

regarding the form of Bernoulli's log function, i.e., it may be ex-

pressed either in multiplicative or semi-logarithmic form. Psycho-

physicists and some economists [Arthur, 1978, 1981; Gum, 197 , 1976,

10/ Stigler [1950], however, says that Bernoulli's decision to use a
log function was arbitrary. He states that Bernoulli made "a spe-
cial assumption with respect to the shape of the utility curve for
which there was no evidence and which he submitted no tests"
[Stigler, p. 627, 1950].
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1981] follow the multiplicative (equal ratio satisfaction-equal ratio

stimulus) form, while some of the literature in operations research

[Osborne, 1959; Alexander, 1961] follow the semi-log (equal ratios

satisfaction-equal interval stimulus) form.

S. S. Stevens' work in the 1950s refined the earlier Weber-

Fechner work, altering the "psychophysical law" from a logarithmic

function to a power function, which describes the relationship be-

tween sensation and stimuli and is, as already described in Chapter

II;

= k

However, a slightly more comple form of this function, conunon in eco-

nomic literature, known as the Cobb-Douglas function, is as follows;

n
=k fl

i=l

where i perceived magnitude, Of sensation, begin-

fling at some threshold level (ref.erred to

as the level of satisfaction),

k = constant specifying the unit of scale,

= physical stimulus, i

power exponent determined by the physical

stimulus,

i 1,... ,n number of stimuli.

Additional1y
.

iust equal 1.00.

Using the power (Cobb-Douglas) function to describe a sensa-

tion/stimuli relationship has both computational and theoretical



29

vantages. First, the Cobb Douglas-type function conforms to the

Weber-Fechner Law, i.e., that equal ratios of physical stimulus cor-

respond to equal intervals of subjective sensation. This can be

shown, using one variable as a example, by appealing to standard

utility theory: where the elasticity of satisfaction is,

MU
i i

(12)

where E2 elasticity of satisfaction

MU marginal utility

AU average utility.

a constant, is the relative change in satisfaction for a 1% change

in stimulus.

Ihe results above show that the Cobb-Douglas function is in a

class of functions which exhibit constant elasticity of satisfaction.

Additionally, any positive monotonic transformation of a linearly

homogeneous function (i.e., a Cobb-Douglas function) will yield a

class of homothetic functions, exhibiting the same result as that in

equation (12).

Second, the relationships empirically tested in psychophysical

literature that conform to Cobb-Douglasjpower functions, exhibit di-

minishing marginal response to the stimulus. For example, Figure 1 of

Chapter II shows the relationship between perceived heat and tempera-

ture, where heat is the satisfaction (iv) measure and temperature is

the stimulus (). As can be seen from the graph, the perceived change
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in heat increases at a decreasing rate as temperature continues to in-

crease proportionately. Analogously, the satisfaction or utility an

individual has gained through increasing the level of some attribute

or stimuli can generally be said to follow the concept of diminishing

marginal returns.

Finally, analysis of the Cobb-Douglas/power function within the

context of the RCA Survey data leads to the result, that for a case

where units of the budget are equal to units of the commodity,

(i.e., a respondent's budget is given in gallons of water), the im-

plicit price, p, would equal 1. Such would be true for any alloca-

tion of water which was exhaustive (i.e., all available water was

allocated by the respondent). When the conclusion that p = 1 is

coupled with the notion that an individual exhibits utility maximizing

behavior, the constrained optimization of the power function can

only occur when = 8(lOO) for i = 1,...,n. That is,

Show = i(1oo), 2 2(b00), = (lOO),

where 1.00 and 100 (i.e.
.

= lOO)

Max l)

2
(13)

s.t. 100- = 0.

i =1

where i, k,
.,

and j3. are defined as before, and

100 total budget

price per unit of good or stimuli

i =l,...,n.
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A p1 0

A p2 0,
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(14

np
- A p = 0,

cb

n n

-=100- pq1o.
ax il

Therefore,

1 1 p 1-=- _!L__ A, (15)

'1 'i 2 2 n n

which simply states that to maximize satisfaction,i4, an individual

must allocate hisJher budget, M, such that the ratio of marginal sat-

isfaction to price is equal for every commodity, attribute, or stimu-

Ii. Hence, the Lagrange multiplier, A, may be interpreted as a mea-

sure of an individuaPs change in satisfaction for a proportionate

(unit) increase in the budget. Equation (15) also leads to the con-

clusion, that since

132ip J)

p1q1
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and = 1.00, then . = B.(100) when the power function is at its

constrained maximization.

Consequently, if water (100 gallons) is considered as a budget

and the stimuli, q., is that which results from the allocation of gal-

ions of water, then any complete allocation (where all 100 gallons are

allocated) is not weighted by price, since p. = 1. In addition, the

maximum gain in satisfaction (optimizing behavior) is assured, since

each individual is allowed to allocate water in a manner that suits

himJherself. Thus, maximization of utility, subject to the water

Bn1)

B

+ -

p141

100

p11. (16)

(17)

(18)

(19)

pnJn - p1i
B1

100 - p1 - - p11 + ..

B1

Multiplying equation (16) through by 8,

100 131 (B1 + + 13n

results in;

B'

ci=
13n

Since B. 1.00,
1

B
(100)

=

-
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then;

B p

22 = p1q;1
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budget and the stimulus (commodity). This allows use of limited

data on preferences to derive rough, but plasuable utility functions

for individuals.

Summary

The beginning of utility theory lies with Jeremy Bentham's

"greatest happiness for the greatest number" principle, set forth in

the late 1800s. From that principle, neoclassical utility theory de-

veloped; positing such concepts as perfect information absolute util-

ity measurement, and most importantly, the law of diminishing marginal

utility. Neoclassical utility estimation is dependent upon observed

consumer behavior in the marketplace, explicit price information, and

conditions of certainty.

Later, von Neumann and Morgenstern developed a utility theory,

based upon Bernoulli's work, for use under conditions of uncertainty.

The foundation of the theory is found in the Expected Utility Theorem,

where observed behavior is in response to risky alternatives.

Psychophysicists' work in utility measurement is based upon

Bernoulli's hypothesis that an individual's utility for money in-

creases in a logarithmic fashion. Bernoulli's hypothesis was applied

to many other stirnulusJresponse relationships. Such work resulted in

the Weber-Fechner law, which led to use of the power function as a

means to measure perceived (subjective) satisfaction, relative to some

objectively measured stimulus. The psychophysicists' analysis does

not depend upon explicit price information, when elicitating utility

measures for individuals.
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Considering the major theoretical frameworks for utility analy-

sis, it will be shown that the psychophysical approach appears to

be the most appropriate way to analyze this particular data set.



CHAPTER IV

METHODOLOGY OF CONSUMER PREFERENCE ANALYSIS

Introduction

The basis of the methodology to be used in analyzing the

Resource Conservation Act (RCA) survey data, as briefly discussed

in Chapter I, is found in the psychophysical literature and theory,

discussed in Chapters II and III. Because explicit prices were not

available to respondents of the marginal water allocation question

(see footnote on page 7), a traditional neoclassical utility analy-

sis is rendered inappropriate for this study. Additionally, Ber-

noullian/von Neumann-Morgenstern utility analysis is not applicable,

since the allocational question was asked under conditions of cer-

tainty. However, the inability to utilize either of the "tradi-

tional" utility analyses does not necessarily render the data use-

less. The data are, in fact, preferences given by respondents, who

are assumed to be rational. Hence, every individual's response re-

presents a component of his/her underlying utility function, and

therefore, is part of his/her resulting preference map.

The psychophysical methodology to be used for analyzing the

given preferences will take advantage of the fact that each alloca-

tion response by each individual represents a single point of con-

strained utility maximization.

Data Description

The RCA survey was a comprehensive effort to assess the

34
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public's attitudes toward conservation policies. Some 7,010 adult

individuals (18 years of age or older) in the U.S. were interviewed

between October 19 and November 21, 1979 by Louis Harris and

Associates. Those interviewed were chosen through a random, stra-

tified, multistage, cluster sample design. Extra interviews were

scheduled to allow for replacement of unwilling participants

[Fisher, et al, 1979].

Once regional and area stratification was defined and inter-

views were scheduled, the respondents were randomly chosen from a-

dults 18 years of age or older within each household. The distri-

bution of sampling points, however, was weighted to guarantee that a

minimum of 300 respondents would occur in each of the 16 cells de-

fining the place or city-size of residency. Those 16 cells were

divided into two variables (1) the geographic region of the country

and (2) the size of city. Four geographic regions specified by

SCS were; the East, South, Midwest, and West (Figure 2).

The relevant region for this analysis, is, however, the

western part of the U.S., which includes the following states:

West - Montana, Wyoming, Colorado, New Mexico, Ari-

zona, Utah, Idaho, Nevada, California, Oregon,

Washington, Alaska, and Hawaii.

The SCS also defined four categories of city size, as follows:

(1) city or urban - single cities with populations

of 50,000 or more, or twin cities where at

least one city has a population of 35,000 or

more and the total population is 50,000 or more,
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Figure 2. Regional definition of RCA Survey Respondents.
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suburban - not a "central city," as defined a-

bove, but that which is within an urbanized area,

town - every city, town, or village with a popu-

lation of at least 2,500 that is not within an

urbanized area,

rural - every place not included in one of the

other three categories [Fisher, et al, p. 150-

151, 1979].

Weighting the distribution of sample points among the 16

cells was necessary to reduce statistical bias inherent in. simple

random samplings over areas of widely differing population densities.

The sampling techniques employed in the Harris survey results in an

areal sample that better reflects varying population densities.

Table 1 shows the distribution of sample points using the strati-

fied cluster sample as a basis.

Data used for this analysis were, specifically, from the

Western region only, but included all four city size categories. A

total of 1,527 individuals were interviewed in the West, making up

the total sample size for that region. City size distributions with

the unweighted and weighted percentages relative to the total sam-

ple size of 7,010 were as shown in Table 2.

A variety of questions designed to assess the public's atti-

tudes of and examine trends and conditions in soil, water, and

other related natural resources were answered by 1,527 individuals

in the Western region. The particular question from the RCA survey

used in this analysis was designed to determine public preferences



Table 1. Proportionate (weighted) and actual sample
point distributions.

A. Proportionate distribution of sample points based upon
stratified cluster sample.

B. Actual distribution of sample points with oversampling of
town and rural areas.
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Type of Place (City Size)

Urban Suburban Town Rural

Region (188) (177) (92) (143)

East (197) 63 67 24 43

South (136) 42 23 27 44

Midwest (162) 48 47 27 40

West (105) 35 40 14 16

Type of Place (City Size)

Urban Suburban Town Rural
Region (177) (158) (110) (155)

East (172) 52 48 29 43

South (136) 42 23 27 44

Midwest (162) 48 47 27 40

West (130) 35 40 27 28



Table 2. Western region respondent distribution.
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Number of
Respondents

Unweighted
Percentage

Weighted
Percentage

West 1,527 22 18

Urban 407 6 6

Suburban 474 7 7

Town 320 5 2

Rural 326 5 3
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for the allocation of additional water'1. Out of 1,527 individuals

interviewed, 1,472 responded positively to the allocational ques-

tion (i.e., allocated 100 gallons among the uses), while 55 indi-

viduals did not answer that particular question. The sample size

for this analysis will then consist of 1,472 observations.

Methodological Technique

Preferences for competing uses of water were represented by

the number of gallons every individual allocated to each use. Each

allocation response is a representation of a respondent's unique

underlying utility function. In turn, if an individual's response

were plotted on a five-dimensional graph (one dimension per water

use), a single point would result, which would represent one level

of satisfaction on a utility surface. Since data exist that would

reflect each individual's preference for the distribution of water,

specification of the appropriate utility function is necessary.

Such specification should permit analysis of responses in terms of

11/ (as in Chapter I) Question #17. "Here is a board which shows a
number of uses for which water is in great demand. Now let's
assume that there was enough water to meet the minimum needs
for each of these uses. From each additional 100 gallons of
water available, how would you divide up those gallons among
these different uses? Suppose each of these cards stands for
5 gallons of water - 100 gallons altogether. Just divvy up the
cards among the boxes shown on this board to show how you think
these additional 100 gallons of water should be used.
The competing uses are:

water for household use,
water for industry and jobs,
water for producing food,

water which fish and wildlife need to live,
water for developing energy resources"

[USDA, p. 12, 1980].
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satisfaction, as developed by Bentham and later by, psychophysicists.

Since the stated preferences represent a maximum level of satisfac-

tion, at the margin, then the functional form, as follows, may be

assumed;

S = f (k, g, g1, g, (20)

where S = the measure of satisfaction for mdi-
1

vidual i,

k = constant

= gallons allocated for household use

g1 = gallons allocated for industry and jobs

= gallons allocated for food production

= gallons allocated for fish and wildlife

habitat

= gallons allocated for energy development

i = number of respondents 1,... ,l,472.

The response data suggest a marginal allocation, which most

completely satisfies the respondent, based on an individual's pre-

ference structure. That is, each individual's stated preference

represents his/her optimal marginal allocation of water among the

competing uses, as defined above. Any deviation from this will

result in a sub-optimal marginal allocation, for that individual.

Based on empirical studies which have shown that nonmarket

human values and preferences are best represented by a power (Cobb-

Douglas) function, the methodological technique presented here will

also utilize such a function {Breault, 1981; Arthur, 1978; Gum, et

al. 1976; Hamblin, et al. 1975; Stevens, 1966, 1969; Haxnblin and
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Smith, 1966]. In work by Stevens [1966], which reviews methods used

to gauge intensity of opinions and attitudes, the power function

has been shown to best measure satisfaction levels for individuals,

on a quantitative continuum.

The specific functional form measuring the level of satis-

faction, then, is
g1 gftg g

S. kX x xxxE
1 H I A FW E

where S. = level of satisfaction for respondent i,

given some allocation

k constant; or "welfare weighting"

X some policy allocation of water (un-

known to the respondent), for each use

H, I, A, FW, F

g = respondent's allocation of water (as

answered in Question #17) x 0.01, for

each use H, I, A, FW, E

i = respondent 1,.. .,1,472.

Additionally, E X = 100 and E g = 1.00. The constant or "welfare

weight", k, has a large effect on an analysis of this type, though

its derivation lies outside the abilities of an economist. This

analysis has treated the task of assigning a value of k as insigni-

ficant, that is, k simply equals 1. It has been assumed that wel-

fare weights are equal for all groups over all demographic charac-

teristics, i.e., no special significance is given to a response

considering income level, occupation, educational level, etc.

However, this analysis is only an example of how data may be treated

(22)
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to reflect a simple (as in this case) or complex welfare weighting

scheme by decision makers. A more complex scheme may be desired by

policy makers, but then the problems of whose utility should be

scaled up or down, and how those weights should be appropriately

assigned, arise. Such problems, however, are within the realm, at

a practical level, of policy making.

Since the Xs are unknowns in the above equation, S. can not

initially be determined. However, the equation may still yield use-

ful information when it is applied to a particular water alloca-

tional policy. For example, if an equal allocational policy is

considered, i.e., X1 = X2 = X3 = X X = 20 gallons of water, then

a correspondent level of satisfaction may be obtained from that

policy. As before, the respondent's preferences, as given by the

RCA data, equal gx 0.01, so that
g1 g g g

S = k 20H 20 2OAA 2OF 2O,

such that S. may be determined for every respondent i. This meth-

odological procedure was applied to examine the implications or im-

pact of various allocational policies on respondents' satisfaction

(22)

levels. Allocational policies were defined as follows;

P(l)
20H' 20. 20A' 20FW' 20E :i

all equal

P(2)
80H' I' A' 5FW' 5E emphasis on

P(3) 5 ,55H' 80i, 5A' FW E one sector
P(4)

5H' 80A' 5FW' 5E

P(5)
5H'

' 5 , 80 , S
1 A FW E

P(6)
5H'

5 , 80
i' A' FW E



12/ 0.204% of total sample allocated all 100 gallons to H
0.136% of total sample allocated all 100 gallons to I
0.408% of total sample allocated all 100 gallons to A
0.679% of total sample allocated all 100 gallons to FW
0.408% of total sample allocated all 100 gallons to E
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where H = gallons allocated for household use

I = gallons allocated for industry and jobs

A = gallons allocated for producing food

FW = gallons allocated for fish and wildlife

E = gallons allocated for energy development,

and H+I+A+Fw+E=loo.

The first policy represents the "egalitarian" allocational

viewpoint, i.e., all 100 gallons are equally distributed among the

5 uses. Policies (2) through (6) were defined to determine the

satisfaction level of all respondents when only one sector (i.e.,

H, I, A, FW, or E) (and usually only a very small group of indi-

viduals) is emphasized12. Policy (7) represents the average RCA

survey response and policies (8) and (9), each, emphasize 2 sectors.

The number of different responses to the water allocation

question was 594. There are, then, at least 594 various ways to

develop a policy option. However, most decision makers charged

with making policy are not at liberty to decide from such an array of

alternatives. Usually, they are given only a few alternative policies,

P(7)
21H'

l9.
26A' 17FW' 17E

average response

P(8)
4H' 'i' 3A' 3FW'

emphasis on
P(9)

45H' 4I' 45A' 3Fw' 3E
two sectors
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from which one is chosen. Hence, for this study an attempt is made

to look at only a few feasible options, in order to simulate actual

decision making.

The impact of the various policies on a respondent's level

of satisfaction is a function of S, as defined in equation (21)

and of an individual's maximum level of satisfaction, Max 5, de-

fined as follows;

Max S.
g_H

g'
g_A

g'
g_E

H I A FW E

where Max S. maximum level of satisfaction for
1

respondent i

g respondent i's allocation of 100

gallons of water to uses H, I, A,

FW, and E

g = respondent i's allocation of water

to uses H, I, A, FW, and E x

i respondent 1,.. .,l,472

and E g = 1.00 ; E g = 100.

It is possible to define Max S. as in the above equation, since it

has been previously shown in Chapter III that when S (or ) is at

a maximum, g = g(100) (or =(100)). Consequently, the impact of a

water allocational policy on the public is a function of how that

policy affects each individual's maximum level of satisfaction.

Therefore, the public policy impact, PP1, is the percent of maximum

satisfaction attainable for each respondent per policy, and is de-

fined as follows;

(23)



PPI
ni

S
nl

Max Si
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100 (24)

where PPI. = public policy impact of policy n on

respondent I

S = level of satisfaction attained by
ni

respondent ± when policy n is imple-

ment ed

Max S. = maximum level of satisfaction for
1

respondent i

n = public policy for water allocation,

P(l),. . . ,P(9)

i = respondent 1,.. .,l,472.

The PPI index, which is expressed as a percentage, was cal-

culated for each respondent i, and is scaled from 0 to 100%. This

corresponds to the vertical axis in Figure 3. However, there were

groups of individuals, within the sample, that had common preferred

allocations, leading to a common PPI value for a given policy al-

ternative n. Additionally, the sample size of 1,472 respondents

may be broken into R groups, each having a common preferred alloca-

tion, which implies a common PPI value. Within each of the R groups,

there is some number or group of individuals, where each group

represents a percentage of the sample
4,472

and hence,

represents a percentage of the sample with a common PPI. If these

groups of individuals are ranked from those with the lowest PPI (0)

to those with the highest (100), then the scale PS is formed (Figure

3). The PS scale is cumulative, in that, for example, the point
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40% Ps 65% 100%

Figure 3. Percentiles of sample satisfied at a given PPI
(PS), versus percentage of maximum satisfaction
derived (PPI) for a given policy n
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corresponding to PS = 65% and PPI = 50%, suggests that, with respect

to curve C [Figure 3] 65% of the sample realized a PPI index of 50%

or less of their maximum satisfaction. Additionally, the percentage

of the total sample who achieved exactly 50% of their maximum satis-

faction (PPI = 50%), would be
65-40

= .25 or 25% of the sample.

Since the PS scale in Figure 3 takes into account all respond-

ents, then the addition of these smaller (group) line segments equals

100%. Therefore, for a given suggested policy n;

r
r

PS.=j=1 =1, (26)

i=l
1

1,472

where Q1 number of respondents in sub-groups R

1,472 = total number of respondents.

This implies that, regardless of the proposed policy n, there are

always R preferred allocation schemes that were recorded.

The area under curve C in Figure 3, then, represents total

consumer "satisfaction" derived from an associated policy. If the

sum or integral over all sample percentileswere taken, i.e., the

proportion of their maximum (constrained) satisfaction levels, the

result would be an area under a Public Policy Impact (PPI) curve.

Take, for example, the dotted 45 degree line, B, that is also shown in

Figure 3, which represents a PPI curve for some given policy. (This

curve is smooth to facilitate easy explanation.) It represents a

situation where, given a certain policy, there is a 1% gain in the

percentage of total satisfaction, as expressed by stated preferences,

for a 1% change in sample percentile. Also, in comparing PPI curve A

(across the top of Figure 3) to PPI curve B, it is clear that, if
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both policy options are feasible and are of the same cost, policy A

should be chosen over policy B. The area associated with policy A

is 10,000 or in decimal fraction, unity. As a result, the implication

is that under policy A, consumers would enjoy 100% of their maximum

satisfaction, while under policy B, they would derive only 50%

(or 5,000).

An application of this methodological technique will be dis-

cussed in the following chapter.

Summary

The purpose of the methodological procedure as described

above is to extract information from the survey data regarding con-

sumer preferences, which could be useful in policy analysis. Al-

though, Louis Harris and Associates did a detailed study on the

results of the RCA survey, the objective of this research is some-

what different.

Louis Harris and Associates presented (in a summary of the

report) mean responses of the entire Western region and of various

subgroups with respect to water allocated among competing uses.

From the reported mean responses, inferences were made regarding

the population's allocational preferences. Some major results were

as follows; (1) the public assigns the highest priority to farming

(production of food) in allocating water resources, (2) as individ-

uals receive proportionately more income from farming, the number

of gallons of water allocated for the production of food increases,

and (3) age and educational levels were important factors when dis-

cerning differences among all individuals, with respect to water
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allocation [Fisher et al. p. 50-52, 1979].

While such information may be interesting, it does little to

help policy makers determine the effects of a specific allocational

policy. It also does not provide policy makers with a method for

explicitly taking into account effects of changes in social welfare

weightings and the impacts on individual satisfaction levels, as a

result of these weightings and the allocational policy.

This work specifically acknowledges the possibility of un-

equal welfare weightings, the existence of an underlying preference

structure, and the possibility of a limited set of discrete policy

alternatives. These features will allow policy makers to determine

what percentage of the population would obtain a particular level

of satisfaction, with implementation of a given policy, assuming

appropriate welfare weights. Such knowledge should be far more useful

than simple mean responses, when considering the impact of various

policies upon the population.
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CHAPTER V

RESULTS OF CONSUMER PREFERENCE ANALYSIS

Introduction

The results of the methodology using the power function will

be presented and explained in this chapter. As is necessary with

any research, a critique or discussion of the survey data will be

presented, followed by a discussion of the methodology. Addition-

ally, suggestions for future research will be made in the last

section.

Results and Conclusions

The results of the methodology, as explained in the previous

chapter,provide a clear, visual description of all individuals'

level of satisfaction as related to the implementation of a given

policy. However, there are underlying features of the resulting

figures for policies (1) through (9), which are necessary to under-

stand if such figures are to be interpreted correctly. Each figure,

(1) through (9), shows PPI plotted on the vertical axis and PS on

the horizontal axis. Recall that PPI is each respondent's percent

of satisfaction that may be attained by a certain policy. As before,

PS is defined as the percentage of all individuals satisfied, at a

preferred allocation level, in increasing order, for a given policy.

The resulting curve from the various plots will be called the public

policy impact (PPI) curve.

As previously stated, the area under the PPI curve is the
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relevant measure necessary for comparison of different policies,

(1) through (9). Table 3 provides a summary of all; (1) policies

defined, (2) areas under associated PPI curves, and (3) the percent-

age of the total area that is within the PPI curve. The total area

in which the PPI curve lies, equals 10,000 as calculated from per-

centages (i.e., 100% x 100%). Consequently, the area under the

curve, given in Table 3, is a percentage of 10,000. For easier

comparison of policies, the percentage of the area under the curve,

relative to 100% of the total area, is also given.

Table 3 shows, then, that the area associated with PPI curve

#7 is the largest, compared with the areas under all other curves.

This implies that implementation of policy (7) (i.e., a policy based

upon average survey responses in the West) would enable the popula-

tion, as a whole, to achieve a higher level of satisfaction than

would be possible if any of the other policies were implemented.

However, such a result does not imply that policy (7) is the opti-

mal policy out of all possible policies, if a different welfare

weighting assumption is employed. Under different welfare weights,

k, some other policy may yield a greater area under the PPI curve

than that obtained with policy (7). Hence, that particular policy

would make the population better off than would policy (7).

The welfare weights used in this analysis were equal; that

is, each individual was assumed to be equally important in the de-

cision making process, or alternatively, that the marginal utility

of water was the same for all individuals. However, it has been

argued that such a state seldom exists. Additionally, recoxninenda-
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Table 3. Areas under the public policy impact curves for policies
(1) through (9).

Policy

Policy Description (%)
Area

Under Curve
% of
Total

House-
holds

md
Jobs

Food
Prod.

Fish E
Wildlife

Energy
Devel.

1 20 20 20 20 20 8718.47 87.2

2 80 5 5 5 5 3921.57 39.2

3 5 80 5 5 5 3700.59 37.0

4 5 5 80 5 5 4795.60 48.0

5 S 5 80 5 3796.21 38.0

6 S 5 5 5 80 3627.30 36.3

7 21 19 26 17 17 8840.85 88.4

8 4 45 3 3 45 3761.21 37.6

9 45 4 45 3 3 5155.26 51.6
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tion of equal welfare weights or any welfare weights at all, is not

within the purview of the economist.

A welfare weighting is explicitly used (equal weightings) in

this analysis, providing a basis for the allocation of water. If

policy makers felt that equal weights were appropriate, then results

from this work are valid for decision making; if not, an explicit

system of weighting responses, according to criteria chosen by the

decision maker, must be employed. Such weighting would change the

level of the respondent's satisfaction, which then could alter,

significantly, the policy used.

The resulting PPI curve for policy (1), i.e., 20H' 20i, 20A'

20FW' °E
is shown in Figure 4. It should be read, for example,

that the 40th percentile of all respondents achieve 90% of their

maximum satisfaction level, as shown in Figure 3 at point A. Im-

plementation of this "egalitarian" policy would leave only less than

7.5% of the respondents in a position where they were unable to

achieve even 50% of their maximum satisfaction level. Since the

sample of respondents is a representation of the population, it

could be inferred that only 7.5% of the entire Western adult popu-

lation would be unable to reach 50% of their maximum satisfaction

level. Thus, implementation of this policy would cause relatively

few people to be upset, while most of the population would attain

a fairly high level of satisfaction with respect to the allocation

of water. (Approximately 80% of the population has an allocation

preference scheme which would allow them to achieve approximately

80% of their maximum satisfaction level, under policy (1).)
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Figure 4. Public policy impact curve for allocation
policy (1); 20H' 2O. 20A' 20FW' 20E
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Policies (2) through (6), shown in Figures 5 through 9, are

siginoid or S shaped, whereas policy (l)ts PPI curve is approximately

exponentially shaped.

For every policy (2) through (6), the allocation scheme was

such that 80 gallons was allocated to one use, while 5 gallons was

given to each of the other uses. So, 80 gallons were allocated for:

household use, H, under policy (2); industry and jobs, I, under

policy (3); food production, A, under policy (4); fish and wildlife

habitat, FW, under policy (5); and energy development, E, under

policy (6). All other uses under each policy scheme received 5

gallons each.

Implementation of policy (2), (3), (4), (5), or (6) would

satisfy very few people. For example, not until the 90th PS per-

centile is reached, do respondents achieve 50% or more of their max-

imum satisfaction level, as measured by PPI, under policy (2).

Consequently, most people probably would feel as if they could be

made much "better off", i.e., achieve a higher level of satisfaction,

if a different policy was implemented.

Referring back to Table 3, the policies can be ranked accord-.

ing to area, from worst to best, in terms of the most satisfaction

achieved by all respondents. Hence, from worst to best, i.e., least

to most area, the policies are (6), (3), (5), (2), and (4). It is

clear from this ranking that, given equal welfare weighting, a diver-

gence from an egalitarian or "average" type of policy would most

likely be sub-optimal from a societal standpoint. Not only this,

but among sub-optimal policies, individuals would be least satis-
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fled with a policy that allocated most or all water to energy devel-

opment, i.e., policy (6). It is interesting to note that, on the

average, individuals gave energy development the least amount of

water. Consequently, the population, as a whole, would be in a

position to gain a greater percentage of their maximum satisfaction

level if water was allocated to a use other than energy development.

The area under the PPI curves for policies (3), 3700.59,

and (5), 3796.21, are not greatly different from one another. Hence,

people would be similarly satisfied or dissatisfied, depending upon

a policy maker's viewpoint, with implementation of either policy

(3), which allocated 80 gallons to industry and jobs, or policy (5),

which allocated 80 gallons for fish and wildlife habitat. Again,

note that according to the average response
'9I

and
'7Fw'

individuals

did not give either use top priority in their allocations schemes.

If one calculates the mean allocation that all individuals

made to each use (i.e., policy 7 ), food production (26 gallons)

and household use (21 gallons) appeared to be of higher priority

than other uses. When the two sub-optimal policies, weighting these

uses heavily (policy (4), 80 gallons to food production, and policy

(2), 80 gallons to household use), are examined, and the area under

the PPI curves is calculated, policy (2) only equals 3921.57, while

the corresponding area for policy (4) equals 4795.60. Therefore,

it could be inferred that, given equal welfare weighting in this

case, that policy (4) would dominate policy (2). This result follows

from the mean responses for all uses (see Table 3), and determines,

to some degree, the ranking of the sub-optimal policies in terms of

social perferences.
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Policy (7)'s, i.e.,
21H' 19F 6A' 17FW' 17E

(average re-

sponse for the West), PPI curve is shown in Figure 10. The PPI

curve is of similar shape to that for policy (1), although the area

underneath (7)'s PPI curve is larger. Although the larger area in-

dicates policy (7) is the better policy when comparedto (1), there

are a few interesting observations to note. The first percentile

of respondents under policy (7) achieves approximately 19% of their

maximum satisfaction level. Under policy (1), the tegalitariant?

approach, the first percentile of respondents achieves approximately

22.5% of their maximum satisfaction level. The second percentile,

or fraction of it, sees a large gain in the satisfaction level by

immediately jumping to about 36% of the maximum. In contrast, the

increase in percent satisfaction level for policy (7) is a little

more gradual for the first few percentiles of the population.

Secondly, it can be seen by comparing Figures 4 (policy (1))

and 10 (policy (7)), that approximately 18% of the population has an

allocation scheme which allows them to be completely satisfied, i.e.,

PPI = 100%, under policy (1). However, implementation of policy

(7), would allow only the upper 1 or 1.5 population percentiles to

enjoy maximum satisfaction.

Finally, note that between about the 3rd to 4th percentile

and about the 82nd percentile, inclusively, all respondents achieved

either the same percentage or higher, with policy (7), than with

policy (1). Such an observation implies that an egalitarian ap-

proach to water allocation may help those individuals who are the

Uworst off" i.e., least satisfied, achieve a greater percentage of
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their maximum satisfaction. The approach also helps the upper per-

centiles of the sample achieve their greatest percent of maxi-

mum satisfaction, i.e., 100%. Making both the lowest and highest

sample percentiles "better off" places less importance on the well-

being of individuals whose allocational preferences were not as ex-

treme as those who were in the lowest and highest percentiles.

Therefore, implementation of policy (7) would allow the sample, as

a whole, to achieve a greater percentage of their maximum satisfac-

tion level, while implementation of policy (1) would help those who

were "worst off" achieve a higher percentage of their maximum satis-

faction. The choice of policy (1), then, would imply a greater

welfare weight given to the "most miserable" in society.

The PPI curves for policies (8), i.e., 4 , 45 , 3 , 3
Fl I A FW

45E'
and (9), i.e.,

45H' 45A' 3FW' 3E'
as shown in Figures 11

and 12, are similarly shaped to those curves for policies (2)

through (6). As before, such PPI curves show that most people would

not achieve a very high level of satisfaction, if either policy

were to be implemented. With policy (8), only 9% of the population

have an allocation scheme which allows them to achieve 50% or more

of their maximum satisfaction level. The shape of and the relatively

small area (3761.21) under the PPI curve for policy (8) can most

likely be attributed to the fact that neither industry and jobs,

nor energy development were favored uses for water allocation

schemes. As a result, it could be expected that a policy, allo-

cating most of the available water to two low priority uses, would

not yield a particularly high level of satisfaction, for the over-

all population.
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Policy (9) fared better, in terms of the level of satisfac-

tion attained for all respondents, than did policy (8), as indi-

cated by the area, 5155.26, underneath the PPI curve. In fact, im-

plementation of policy (9) would allow all respondents, as a group,

to achieve a higher percentage of their maximum satisfaction than

would implementation of the other policies listed, except for (1)

and (7) (as shown by the areas in Table 3). Such a result could

be expected, since water to household use and to food production

were the most favored allocations. It is also interesting to note

that policy (4), which allocates 80 gallons of water to food pro-

duction, is the next policy, in descending order, that provides the

most satisfaction to the entire sample. Hence, the allocation of

water to the production of food appears to be a strong preference

compared to others.

In summary, implementation of policy (7) would make society

the "best off", as shown by the area, given in Table 3, under the

PPI curve. Based on areas under associated PPI curves, in descend-

ing order from "best off" to "worst off", the policies are: (7),

(1), (9), (4), (2), (5), (8), (3), and then, (6). However, it is

necessary to remember from previous discussions, that the method is

general and the policy ranking is valid only for the particular

policies defined here, and only when the welfare weights are equal.

Discussion of the Survey Data

The water allocation question in the RCA Survey (see footnote

10) has some conceptual problems, which may have affected the way

individuals responded. First, the current percentage of water
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(i.e., some unknown allocational policy) allocated to the various

sectors, X, was not known to the individual. Had respondents known

how water was allocated in their region, their stated preferences

may have been different. For example, in Arizona, 95 percent of

the total water supply is allocated to agriculture for irrigation

purposes [Kelso et al. 1973], as it is for most states where ir-

rigated agriculture is prevalent. Had respondents known that most

water goes to agriculture, their responses may have been different.

Not only was the respondent uninformed with respect to the

agricultural sector, but many individuals (if not most) would not

have considered the dynamics involved when water is allocated to a

sector. For example, water allocated to fish may only be consider-

ed in a dynamic framework, since the water level in one period

affects fish population levels and their habitat in the next period.

What the question seems to be asking indirectly, is "What social

value do individuals place on fish and wildlife?" Perhaps a higher

allocation of water to fish and wildlife habitat implies that an

individual values highly the wildlife and the environment in which

those animals live. If the question were to imply some rate of

social value, then perhaps the question was written to determine the

level at which people possess a conservation ethic (as stated in

one of the purposes of the survey). Making these assumptions im-

plies many things that were not asked. So, it may be best to simply

say the question is too technical in nature for most lay people to

understand. Yet, without the assumptions, the question may seem

nonsensical to professional people.
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Finally, the wording of the question is ambiguous with re-

gard to water allocated to fish and wildlife. The respondent is

told to assume all basic needs are met, but is then asked to allo-

cate water to fish and wildlife habitat according to habitat needs.

Additionally, the notion of meeting basic needs is unclear; does

it mean that the respondent is to assume a subsistence level of

water availability?

The way respondents allocated water could be, in many ways,

a function of their knowledge of and experience with allocation

processes, which could have been quite narrow without some study.

For example, the importance of water in the agricultural sector or

in the hydro power sector is clear to most people. However, it may

not be so obvious how water would be used by industry, or by fish

and wildlife, or how much water households, in the aggregate,

actually use in comparison to agriculture and industry. These pre-

conceptions, or lack of them, could influence the responses.

Given water is a scarce resource, a more appropriate approach

to the question may have been to ask individuals their preferences

for a decrease of 100 gallons. The responses would probably have

been much different. Individual's attitudes toward natural resource

conservation and management may have been more realistically re-

flected.

In addition to the above problems, there are problems with

the way the question is designed. The order in which the sectors

are listed affects individual's answers. Where the question is

positioned within the entire survey also has an effect on how the
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individual will respond. Also, it can never be known if what a

person says he/she prefers is the same as what would be done if the

individual actually had 100 gallons of water to allocate among the

sectors.

Finally, the regions in which responses were aggregated for

this question do not appear to be homogeneous. Alaska, for example,

has areas where; (1) annual rainfall is over 200 inches per year,

(2) agricultural development projects have just begun, (3) there

is great potential for hydro power, and (4) fish and wildlife

resources are unsurpassed in quantity and quality. Living in

such an environment would most likely have an affect upon individ-

uals'responses. Yet, responses from Alaskan residents are mixed

with responses from states, such as Arizona, which has an environ-

ment totally different from that found in Alaska. Thus, it might

prove more interesting to look at public policy impacts in smaller

areas, such as Alaska or Arizona. If this were to happen, definite

regional preferences for certain types of allocations, besides

those based on average responses, may be seen.

These latter problems exist within all surveys. These

problems, in and of themselves, should not invalidate the survey

question, which after all, was useful in couching the responses in

a theoretical framework. The responses would then be used to

derive the parameters of a form of utility function, appealing to

the Weber-Fechner law and to utility maximizing behavior.

The data obtained from the question are, therefore, still

useful, even after considering the associated problems. If analyzed
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with proper reservation, much information may be obtained from the

question. Although the question is not perfectly designed, it

represents an effort to obtain public preferences for water alloca-

tion. Since water allocation is politically determined, information

about the public's preferences may be useful.

Discussion of the Methodology

Much has been discussed in the previous section of the pro-

blems associated with the survey question and the information ob-

tained from it. In a large part, the use of "public policy impact

analysis", as described previously, has helped to gain more infor-

mation from the data despite the several theoretical and technical

short-comings, described above. In this respect, the public policy

impact methodology is very useful.

However, there are two problems associated with public policy

impact methodology, which should be noted. One of these problems

is the difficulty involved in empirically testing the existence

and robustness of the .s in this study. Previous reearchers
1

[Stevens, 1966] have been able to make use of the method of "cross

modality matching", which consists of equating two different sub-

jective responses to two different stimuli; say perceptions of

noise and vibration, where the functional relationship of one stim-

ulus/response is known with some certainty13.

13/ Suppose, according to Stevens [l966]that there exists two
stimulus/response functions, 1=k141 1; 2=k2422. f, expri-
mentally, the 2 responses can e matched, then k11 lk2422.
Taking the log of both sides and solving for 1n1, will give a
straight line with a slope of 2'l If either parameter is

known, then the other can be determined. In practice, data is
recorded for each stimulus, transformed to logs and plotted
against each other; the slope of which is the ratio of the
2 parameters in the stimulus/response functions.
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Another difficulty is the importance of welfare weightings

on the choice of policies. Although, it is next to impossible for

economic researchers to make meaningful welfare statements, the

application of welfare weights to policy issues is very common. It

is necessary, then, to explicitly define a welfare weighting; if

for no other purpose than to begin the analysis. The weighting of

responses by peripheral political and social information has been

traditionally dealt to decision makers; yet, the process of assign-

ing weights may be very complex.

The public policy impact method will generally provide a

low cost and easily interpreted method for comparing a limited num-

ber of policy alternatives. However, this very feature may preclude

discovery of the best policy. Choosing to find the policy that

would maximize aggregate satisfaction, subject to all individual

specifications of all power functions, could be an option.

The analysis used in this study is very consumer oriented,

and there has been no indication that different costs are attached

to different policies.. Hence, there has been an implicit assump-

tion that all policies are equally feasible in every respect, and

that consumer preferences have priority over all other considera-

tions.

It also seems obvious that large regional break-downs tend

to strongly affect the policy outcomes from this model. As dis-

cussed in the previous section, the policy outcome from this study

most likely cannot be applied to sub-divisions of the Western region.

The policy prescription calls for allocations based on the average
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of preferences or on equal distributions among all uses. Such a

prescription is entirely appropriate considering the enormous land

mass, diversity of climate and of people. However, the prescrip-

tion should only be used to guide policy for the whole Western re-

gion. So, in future data collection efforts, it would be wise if

the relevant data were collected ma manner that would allow re-

searchers to examine potential impacts in smaller regions. If such

data collection could be done, then effects of an allocation policy,

where the physical result of that policy (for example, a dam or a

wildlife refuge) has an impact upon the population and/or environ-

ment could be investigated.

Suggestions for Future Research

The discussions of the previous two sections have revealed

some areas that might bear further exploration:

The appeal of this method could be greatly enhanced if

empirical testing procedures, such as cross-modality

matching, could be devised for the use of the power

function.

Similar studies should be performed in regional areas,

possibly on state-wide bases, or for areas that might

directly feel the impacts of a specific project re-

sulting from a policy.

Considerable ambiguity in the question, interpreted by

the respondents, may be eliminated by wording similar

questions in a way that would avoid the problems,

discussed in the earlier section criticizing the data.



This methodology, applied to similar problems involving

allocation of scarce public goods could prove useful at making

meaningful comparisons between different well-defined policies

based on perceptions of an informed public.
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