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APPROACHES TO MEASURING PUBLIC GOODS D
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Although some public finance textbooks still teach that public

goods demands cannot be measured,1 substantial progress has been

made in developing and implementing techniques for measuring one

form of public good--the benefits of improving environmental qual-

ity. This paper presents a brief review of the three major ap-

proaches to estimation of demands and benefits and a somewhat

more detailed discussion of those techniques which are based mar-

ket interactions between public and private goods. The analysis

is limited to those public goods which are arguments in individu-

al utility functions. Public goods which are inputs in produc-

tion processes for marketed goods, for example, air quality in

agricultural. production, affect cost, supply, and factor demand

functions and through them affect one or more of the following:

output prices, factor prices, and profits (quasi-rents). The

benefits of increases In public goods supply can be measured in a

conceptually straightforward manner from observable market data.

See Freeman (1979a) for an elaboration.

INDIVIDUAL DEMANDS FOR PUBLIC GOODS

The first step is to outline a basic model of individual pref-

erence and demand which incorporates a public good such as
/-
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environmental quality as an argument in the utility function.

This will establish the basis for describing various approaches.

The analysis is limited to only one individual so that the prob-

lem of consistent aggregation to market demand curves can be

nored. Assume a utility function of the following form:

g--

= U(X,Q) (1)

where X is a vector of private goods (X = xl,...,xi,... x
n 

and Q

is the level of environmental quality taken to be fixed to the

individual. Maximizing utility subject to a budget constraint:

Ep,x,
"

where M is money income, leads to a et of ordinary demand func-

tions:

x. = x (P,M,Q)
i

Note that in general it is possible that environmental quality

could be an argument in private goods demand functions.

The dual to the utility maximization problem can be stated

as follows: minimize expenditures (Zp4 xi) subject to the con-

straint that utility as defined by (1) equal or exceed some

stated level, say U. The solution to this problem gives the ex-

penditure function:

E(P,Q,U?cl = M (3)

The derivative of the expenditure function with respect to any

price gives the Hicks-compensated demand function for that good,



i.e.:

= DE/Dpi = E P,Q,U* - (4)

The compensating variation and equivalent variation measures of

the welfare changes associated with changes in market price can

be easily interpreted in terms of equation (3) Similarly the

derivative of 3) with respect to Q gives the Hicks-compensated

inverse demand function or marginal willingness to pay for en-

vironmental quality, w*(Q)

= -DE/3Q = Ey(P,Q,U* (5)

The benefit to the individual for a nonmarginal increase in Q is:

b=- E(P,Q,U*)dQ

Qi
(6)

The main question addressed in this paper is under what circum-

stances and by what techniques can information on (5) or (6) can

be obtained.

EMPIRICAL APPROACHES

One approach involves analyzing data from market transac-

tions in goods and services related to various measures of en-

vironmental quality. Under certain circumstances, the demand for

improvement in Q can be estimated from market data on the demand

for goods and services which have substitute or complementary re-

lationships with Q. Examples of these approaches include: the

use of property value differentials; household expenditures on



cleaning, maintenance and repair of materials damaged by pollu-

tants; and travel costs incurred to participate in outdoor recre-

ation.

The second approach is simply to ask individuals, through

surveys and direct questioning, what value they place on a speci-

fied change in Q or how much Q they would "purchase" at a given

stated price. One well-known problem with this approach is the

incentives individuals may have to give biased answers for

strategic reasons. In addition to these strategic biases, there

is some evidence that certain structural characteristics of sur-

veys have the potential for biasing responses. For example, in

order to make the questions seem realistic, some surveys have

stated that the vehicle for repayment will be an increase in the

sales tax, or a surcharge on electric utility bills. If the re-

spondents have some attitudes concerning the chosen means of re-

payment, this could introduce vehicle bias into responses. Also,

in many surveys the questioner announces a value and then adjusts

it upward or downward in fixed increments depending on the re-

sponse. The starting point can also introduce a bias.

It appears to be possible, however, to design survey ques-

tions so as to eliminate the incentives for biased response. The

general approach is to design the survey instrument so as to mini-

mize the occurrence of any linkage between a subject's response

and either an actual repayment or an actual outcome.
2
 But de-

vices to eliminate incentives for biased responses also have a

second effect. They reduce the incentive to provide accurate



responses. An accurate response is one which is consistent with

the behavior which would be revealed if the good in question could

actually be offered in a market. In the real world, an individual

who takes an action inconsistent with his basic preferences, per-

haps by mistake, incurs a cost or a loss of utility. In the pure-

ly hypothetical survey situation, there is no cost to being wrong,

and therefore no incentive to undertake the mental effort to be

accurate. The more hypothetical the situation posed to the indi-

vidual, that is, the farther removed the situation is from his

normal everyday experience the less likely is the answer to be

accurate. This is a problem which has not yet been seriously

addressed in the literature on willingness to pay surveys.

Another problem with surveys has to do with perceptions and

how to portray accurately the hypothetical situation to respond-

ents. For example, if the purpose of the survey is to estimate

the benefits of a specified water quality improvement, the

questioner must find a way to describe the improved water quality

accurately and in sufficient detail so that all respondents are

reacting to similar perceptions of water quality improvement.

Some of the best survey studies have combined photographs with

descriptive textual material, e.g., Brookshire, Ives, and Schulze,

and Randall, Ives, and Eastman. But there are limits to the abil-

ity of both words and pictures to convey effectively all of the

aesthetic dimensions associated with Q.

In summary, at the theoretical level the problems of bias,

accuracy, and perceptions must give one pause about the effect-

iveness of surveys in measuring willingness to pay. However at



the practical level there is very little evidence concerning the

seriousness or the magnitude of the errors introduced by these

three problems. It would be very useful to have comparative

studies of benefit estimates derived by alternative techniques.

Very few of these have been done.
3 

In the meantime information

derived from such surveys can be considered useful but not defin-

itive.

A third approach is to place proposals which consist of al-

ternative levels of Q and associated tax increases to referen-

dum vote. Under certain circumstances the outcome of the voting

process will be consistent with, and therefore reveal information

about, the underlying demand curve for improved Q. The outcome

of a referendum in any one jurisdiction only reveals whether the

proposed level of AEQ and the associated tax burden were prefer-

able to the status quo for a majority of voters. However, if the

outcomes of elections or referenda in a large number of jurisdic-

tions are observed simultaneously, it can be assumed that they

approximate the median preferences in each jurisdiction. Then

each jurisdiction can be taken as a sample unit, and the data on

the quantity of the good or service, price or tax share, and

socio-economic characteristics such as income, education, and

occupation can be pooled and analyzed by multiple regression

techniques to determine the relevant price and income elastici-

ties of demand. Examples of this approach include Bergstrom and

Goodman and Borcherding and Deacon.

Where all costs are financed through taxes in the voting jur-

isdiction and all benefits accrue to residents voting can yield



unbiased information on demand and on the optimum provision of Q.

But where some of the benefits accrue outside the region, voting

behavior does not capture all of the relevant demand for Q. And

where some of the costs are shifted out of the jurisdiction,

voters are not responding to the true price; thus voting reveals

information about only a limited (and not the most relevant) por-

tion of the demand function.

MARKET APPROACHES

In this section I use a priori assumptions to impose cer-

tain restrictions on the form of individual utility and demand

functions. Different types of restrictions have different impli-

cations for the measurability of public goods demands from market

data. The first assumed restriction leads to a situation in

which it is impossible to estimate the demand for Q from market

data.

A Hopeless Case. Suppose that the utility function is strongly

separable with Q as the single argument in one of the subsets.

In other words:

= Vflia(Xa) + ub(X10) + uc (Q)_1

where X
a 

and X
b 
are subsets of marketable goods. Strong separa-

bility means that the marginal rates of substitution between any

pair of goods in X are independent of Q. Changes in Q have no

effect on marginal rates of substitution of any of the marketable

goods. Q can be excluded as an argument in all of the market de-

mand functions. Although changes in Q affect utility, they leave

no record of this impact in the data on market transactions.



Thus in principle it is not possible to estimate the demand for Q

from observable market data on transactions in X when the utility

function is strongly separable in Q.

Strong separability is a property of two of the most common-

ly used functional forms for utility functions--the Cobb-Douglas

and the CES. This can be seen by writing them in their log

transformations. Separability may be a characteristic of an im-

portant class of benefits. For example, those amenities of the

urban environment which are not directly associated with private

goods consumption may be separable. The option value associated

with the preservation of unique natural environments is also

likely to be separable.
4

Weak Complementarity. For some forms of utility functions, the

private goods demand functions do contain Q as arguments:

x. = x.(P,Q,M) (8)

Suppose that this system of demand equations has been estimated

econometrically and that the system satisfies the Slutsky Condi-

tions for integrability. Is it then possible to integrate this

system to solve for the underlying utility function and expendi-

ture function? If the answer is yes, then it would be possible

to compute public goods demand or willingness to pay functions

from market data whenever private good demand functions had this

form.

The answer is that in general it is not possible to solve

completely for the utility and expenditure functions with the i

formation given. Mathematically the result of the integration



contains unknown terms which are themselves functions of Q and

the constants of integration (Maier, pp. 183-189). It Is neces-

sary to impose additional conditions on the problem in order to

solve for the unknown terms and determine the constants of inte-

gration. The additional conditions involve what Maier has

called "Weak Complementarity."

Weak complementarity is defined by Maler to occur if when

the quantity demanded of a private good xi is zero, the marginal

utility or marginal demand price of Q is zero. The weak comple-

mentarity assumption would seem to apply to a number of useful

situations. For example, the marginal value of water quality in

a particular lake could be assumed to be zero for those people who

did not use the lake for recreation. The marginal value of air

quality over a particular residential site would be zero for

those who did not live at that site.

Since direct application of the weak complementarity method

as described here would require the econometric estimation of

complete systems of demand equations, it would appear to be of

relatively limited practical significance. Fortunately the weak

complementarity conditions also permit the estimation of the de-

mand price for Q without solving for the underlying utility and

expenditure functions. This latter method requires only informa-

tionorithedemandforx.,the weakly complementary private good.

When Q increases the demand curve for x shifts out. Maier (pp.

185-186) has shown that the benefit of the improved Q can be

measured by the area between the old and new demand curves for xi.

In those cases where weak complementarity is not strictly true,
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i.e., when the willingness to pay for Q is positive even with zero

x., 
then this area understates the true demand for Q.1 

If the analysis uses the Hicks-compensated demand curve for

x the area between the curves is an exact measure of the com-

pensating variation measure of benefits. If an expression can be

formulated for this area as a function of Q, the derivative of

this function with respect to Q is the marginal demand price for

Q. Typically what is known is an ordinary demand curve, not a

Hicks-compensated demand curve. Willig has established condi-

tions under which areas under ordinary demand curves can be taken

to be close approximations of the precise compensating or equiva-

lent variation measures. A straightforward extension of Willig's

analysis shows that if the income elasticity of demand for xi is

constant over the range of variation his conditions also apply

to areas between ordinary demand curves. Thus for practical pur-

poses, the technique described here can be applied to market data.5

The primary empirical requirement for utilizing this technique is

that we be able to obtain econometric estimates of the demand

function for the private good as a function of Q as well as prices

and income. This requires observations of the market for xi under

different quantities of Q. If Q has never changed, there is no

possibility of identifying the partial relationship between Q and

the demand for xi.

Perfect Substitutes. Maier (pp. 116-118) has shown that the par-

tial derivative of the expenditure function with respect to Q is

equal to the price of the private good times the marginal rate of
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substitution between it and Q. This would be a useful practical

result if it were possible to derive simple expressions for the

marginal rate of substitution.

Suppose the utility function is weakly separable and is of

the following form :6

U = V{u
a c) -p7 -1/p} (9)

(X is not in X
a)• Given the separability assumption, the marg-

inal rate of substitution between x and Q is independent of the

quantities in X
a
. Then the marginal willingness to pay is

where a is p-1.

In general, to use this formulation, we need to know both the

elasticity of substitution, a, and "c". There is one special case

where the expression reduces to a usable term. If xi and Q are

perfect substitutes in consumption, the elasticity of substitution

between them is infinite, and the expression for the marginal de-

mand price of Q reduces to Px r where r is the equivalence or

substitution ratio between xi and Q.7 If perfect substitutabil-

ity can be assumed, r (or c) should be computable from known or

observable technical consumption data

The perfect substitutability assumption lies behind the "de-

fensive expenditures' technique for estimating benefits of pollu-

tion control. Defensive expenditures (or what Zeckhauser and

Fisher call averting behaviors) are expenditures made to prevent
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or counteract the adverse effects of pollution. If defensive ex-

penditures are a perfect substitute for reductions on the level

of pollution effects experienced, then an individual can effec-

tively purchase the optimal amount of Q through defensive out-

lays. In practice defensive outlays which would be perfect sub-

stitutes for Q would be rare. There is no such thing as a per-

fect defense. There are some disutilities associated with pollu-

tion that cannot be prevented by further spending. • This is

equivalent to saying that a is less than infinite. Hence,

changes in defensive outlays are likely

the true benefits of the changes in Q.

this limitation, analysis of changes in

to pollution could substantially nar.row

about benefits.

to give underestimates of

Nevertheless, recognizing

defensive outlays related

our range of ignorance

Hedonic Prices. The techniques described so far have been de-

veloped for the case where the level of public good provision or

environmental quality is fixed and the same for all individuals.

Although this represents one polar extreme, it is not descript-

ive of all possible cases involving public goods or environmental

quality. Individuals can choose the level of consumption of

local public goods through their choice of a jurisdiction to re-

side in. Also there are important cases where individuals have

some freedom to choose their effective consumption of environ-

mental quality through their selection of a private goods con-

sumption bundle. Where these choices are possible, information

on public good demand is embedded in the prices and consumption
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levels for private goods. For example, if air quality varies

across space in an urban area, individuals may choose their ex-

posure to air pollution through their residential location deci-

sions. Residential housing prices may include premiums and dis-

counts for locations in clean or dirty areas. It may be possible

to estimate the demand for clean air from the price differentials

revealed in private markets. The demand function for Q Is estim-

ated through a two-step procedure in which first the implicit

price of Q is estimated by the application of the hedonic price

technique, and then the implicit prices are regressed against ob-

served quantities to estimate the demand function itself.

The hedonic technique is a method for estimating the impli-

cit prices of the characteristics which differentiate closely

related products in a product class.8 Let X represent a product

or commodity class. Any unit of X can be completely described by

a vector of its characteristics. Continuing with the housing ex-

ample, let ci 
represent the specific characteristics of a struc-

ture and its lot, and Y. represent neighborhood characteristics

such as quality of schools, and Q represent air quality. Then

for any unit of X, say xl,

• .,c .,...,c
11 11"— m,Q ) 10)

The function P
x 
is the hedonic or implicit price function for X.

If P can be estimated from observations of the prices and char-

acteristics of different models, the price of any model can be

calculated from knowledge of its characteristics.
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The implicit price of a characteristic can be found by dif-

ferentiating the implicit price function with respect to that

characteristic. This gives the increase in expenditure on X that

is required to obtain a model with one more unit of that charac-

teristic, ceteris paribus. If (10) is linear in the characteris-

tics, then the implicit prices are constants for individuals.

But if (10) is non-linear, then the implicit price of an addi-

tional unit of a characteristic depends on the quantity of the

characteristic being purchased, and perhaps on the levels of

other characteristics, too. Linearity will occur only if con-

sumers can "arbitrage" activities by untying and repackaging

bundles of attributes (Rosen, pp. 37-38).

Under some circumstances it may be possible to use the in-

formation contained in the implicit price function to identify

the demand relationship for a characteristic--even if the char-

acteristic is a public good such as environmental quality. First

assume that each individual purchases only one unit of X or if

he purchases more than one, they are identical models. Otherwise

the individual facing a nonlinear hedonic price function might be

observed to act upon two different implicit prices for the same

characteristic. Also assume that the utility function is separ-

able in X and its characteristics. This makes the marginal rate

of substitution between any pair of characteristics independent

of the consumption of any good other than X. Without separabil-

• ity, the demand for a characteristic would in fact be a function

of the consumption levels of other goods; and the estimation of
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the second stage demand function would require additional price

and quantity data beyond that derived from the hedonic price

function.

For the th individual, the quantity, s known by ob-

servation
Ql

is 
 known from the implicit

price function.

Can individuals' marginal willingness to pay functions be

identified from these observations? The answer depends on the

circumstances of the case. If the implicit price function is

linear in Q, then it is not possible to identify a demand curve

for Q. The price observation is the same for all individuals.

However the marginal implicit price can be interpreted as the

marginal willingness to pay or marginal benefit for small changes

in Q for each individual::)

41if equation (10) is nonlinear, the ability to identify the

demand curve depends on the specification of the underlying model.

For further discussion, see Freeman (1979a) and Rosen.

If inverse demand functions for individuals can be identi-

fied, benefits of changes in Q can be calculated by taking areas

under the demand curves bounded by the old and new levels of Q.

Since these are not income-compensated demand curves, the areas

are approximations of the true compensating variation measure.

SUMMARY

In this paper I have reviewed approaches to estimating pub-

lic goods demands which use surveys or bidding games, observations

of voting behavior, and observations of market behavior. The mar-

ket approaches have the virtue of providing measures in a monetary
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metric and of being based on actual behavior rather than re-

sponses to hypothetical questions.

One of the more promising techniques is based on the concept

of weak complementarity. Benefits are measured in terms of

shifts in the demand curve for the private complementary good.

The approach is applicable to estimating recreation benefits due

to the water quality changes.

Where the public good is a perfect substitute for a private

good, benefit estimation is straightforward if the substitution

ratio and the price of the private good are known. Defensive ex-

penditures and measures of additional costs (for

household cleaning, or medical care and drugs in

health) are examples of estimates that are based

tions of the perfect substitute assumption. The

example, for

the case of

upon approxima-

less perfect the

defense the more inaccurate is the estimate based upon the per-

fect substitute assumption.

Another promising case is where the public good varies

across space, as in air pollution or noise, or is a characteris-

tic embodied in some private good. Then individuals can choose

different Q's by varying residential locations or by choosing dif-

ferent private good models, The hedonic price approach can be

used to measure the implicit price of Q; and under some circum-

stances the demand curve for Q can be identified.
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Footnotes

* Department of Economics, Bowdoin College. I am very grateful
to V. Kerry Smith for a number of helpful discussions of various
aspects of the paper.

1
See for example Due and Friedlaender, who say: "...since in-

dividuals know that if the public good is provided at all they
cannot be excluded from its benefits regardless of their monetary
contributions towards its cost of production, there is no mecha-
nism to make them reveal their actual preferences or marginal
rate of substitution between public goods and private goods.. .The
very essence of the public goods problem is that there is no way 
these preferences can be determined!' (Due and Friedlaender, pp.
48 and 53. Emphasis added.)

2
For a general discussion, see Freeman (1979a, Chapter 5).

Examples of this approach include Hammack' and Brown, Knetsch and
Davis, Randall, Ives, and Eastman Bohm, and Brookshire, Ives,
and Schulze.

3
For example, see Knetsch and Davis, who found good corres-

pondence between estimates of recreation benefits based on a
survey and on the Clawson-Knetsch travel cost technique. And
Brookshire, d'Arge, and Schulze found that their bidding game
and property value studies produced comparable estimates of the
benefits of improved air quality in the Los Angeles area.

4
For discussion of the option value concept see Cicchetti

and Freeman.

5
See Stevens for an application of the weak complementarity

approach to the estimation of the benefits due to water quality
improvement.

6The following discussion is based on Maler (pp. 178-183).

7r = c/(1 - c) For example, if c = .75, then r = 3. This
means that one unit of Y is a perfect substitute for three units
of xi

.

8
The hedonic price technique was developed by Griliches and

others initially for the purpose of estimating the value of qual-
ity change in consumer goods. Rosen has used the hedonic price
concept to analyze the supply and demand of the characteristics
which differentiate products in competitive markets. For dis-
cussion of the application of the concept to measuring the de-
mand for environmental quality characteristics, see Anderson and
Crocker, Bishop and Cicchetti, and Freeman (1979a) and Freeman
(1979b).
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