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This paper contends that a measurement problem (the "zoo effect") has led to
upwardly biased estimates of the degree to which local public goods are subject to
congestion. The suggestion is that the observed positive correlation between public
expenditure and population size reflects in large measure the wider range of services
provided in more populous jurisdictions-not simply a high propensity of these
goods to become congested. c>1988AcademicPress,Inc.

Just over a decade ago, seminal papers by Borcherding and Deacon [3]
and Bergstrom and Goodman [1] initiated a large econometric literature on
the estimation of demand functions for local public goods. In addition to
generating estimates of price and income elasticities of demand, the specifi-
cations used in this literature have produced an intriguing finding: a
measure of the congestion or crowding characteristics of these goods.

The standard approach in these studies involves the estimation of a
multiplicative demand function that contains as one of its arguments a
variable for the size of population of the community. From the estimated
coefficient for this variable and the estimated price elasticity, one can
compute a "congestion parameter" that measures the extent of crowding
associated with increasing the size of the group that consumes the good.
More specifically, the relationship between consumption and population
size in these studies takes the form Z* = ZN-Y, where Z indicates the
number of units of the service provided in the locality, N is population size,
Z* is the level of the good consumed by an individual in the jurisdiction
(i.e., the variable that enters his utility function), and y is the congestion
parameter. If Z were a pure public good, y would take on a value of zero;

*This paper was written during a sabbatical leave at Resources for the Future. I am grateful
to RFF and to the Sloan Foundation for their support of this work. I also thank Henry Aaron,
Theodore Bergstrom, Jan Brueckner, Bruce Hamilton, Douglas Holtz-Eakin, Ray Kopp,
Carolyn Lynch, Melville McMillan, Robert Schwab, Perry Shapiro, and an anonymous referee
for some very helpful comments on an earlier draft of this paper.
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There are, however, a number of problems with the procedure used in the
literature to measure congestion in local public goods. For one, as Edwards
[5] and McKinney [7] have pointed out, the posited congestion relationship
discussed earlier is restrictive. As an examination of the requisite derivatives
reveals, the form of the congestion relationship used in the literature implies
decreasing marginal costs of congestion.2 Edwards [5] has recently em-
ployed a less restrictive polynomial formulation of the congestion relation-
ship that allows for either increasing or decreasing marginal congestion and
finds that it (marginally) outperforms the standard specification. Moreover,
his point estimates for the polynomial relationship imply a considerable
degree of publicness for the local services he examines.

The point that I wish to make in this paper is a simpler and more
straightforward one. I will suggest that the congestion finding emerging
from this literature is the likely result of a measurement problem-the "zoo
effect," as I call it. This effect imparts an upward (and, I suspect, quite
substantial) bias to the estimator for the congestion parameter. Conse-
quently, we cannot, I shall argue, take the existing econometric literature on
demand functions for local public goods as persuasive evidence either of the
"quasi-private" nature of these goods or of bureaucratic budget-maximizing
behavior.

1. POPULATION SIZE AND THE RANGE OF
LOCAL SERVICES

My point of departure is an intriguing paper published some 25 years ago
by Schmandt and Stephens [12]. In that piece entitled "Measuring Munic-
ipal Output," the authors studied the provision of local services by measur-
ing outputs, not in terms of levels of spending or inputs, but by the number
of distinct "subfunctions" provided in the municipality. For example, they
measured the level of police services, not by expenditures on police protec-
tion, but by the number of particular activities (e.g., foot and motorcycle
patrol, criminal investigation, manual traffic control, etc.) available in the
community. Police protection was, in this way, broken down into 65
sub functions or activities. The number of subfunctions for all local services
in their study totaled 550. The dependent variable in their study was simply
the numerical total of these subfunctions provided in each municipality.
Such a dependent variable is, of course, subject to an array of objections.

for positive values of y.
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FIGURE 1

(2) zoos (Z2) that are provided only by jurisdictions where population
exceeds some critical level, N*. We thus have:

Zt = ZIN-Y, where ZI > 0 for all jurisdictions
Z2* = Z2N-Y, where Z2 = 0 for jurisdictions with N;£ N*, and

Z2 > 0 for jurisdictions with N > N*.

I assume for simplicity that y is the same for both goods. When economet-
ric studies of local services are conducted, this distinction between ZI and
Z2 is not made; instead, such studies use aggregate expenditure data-that
is, spending on the whole class of activities "Parks and Recreation."

The nature of the problem is apparent in Fig. 1. Ignoring the disturbance
term, we would observe a relationship between the logarithms of expendi-
ture and population size as depicted by the discontinuous curve ABCD.
The slope of the segments AB and CD indicates the population elasticity of
spending on each of the two local services; this I shall denote as a. There is
a discontinuity at N*, since jurisdictions with N > N* provide zoos as well
as local playgrounds. However, if we ignore this distinction and simply
estimate a log-linear relationship between spending on the whole class of
activities and population size using the observed points along the two line
segments, we obtain an estimated curve like the dotted line EF. Whereas
the true population elasticity for the provision of each local service, a, is the
slope of the line segments AB and CD, our estimated elasticity is the slope
of EF-an upwardly biased estimate.4 Since the congestion parameter, y, is

4Theodore Bergstrom has pointed out that, if we do not impose a log-linear specification, a
better approximation to the discontinuous relationship in Fig. 1 would be some kind of
S-shaped curve for which the argument for an upwardly biased congestion parameter is not so
clear. The existing literature, however, relies virtually exclusively on the log-linear specifica-
tion.
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the population elasticity of expenditure for the level of local services,

a = (aEjaL)(dLjdN) = (dEjdN) - (aEjaR)(dRjdN),

where the last term embodies the zoo effect. But the specification and
aggregation procedures used in the existing literature produce estimates, not
of a, but of dEj dN. By ignoring the term reflecting the range of services
provided (Le., the zoo effect), these studies generate upwardly biased
estimates of the population elasticity for the level of particular activities
and, thus, for the congestion parameter.

3. SOME CONCLUDING REMARKS ON
EMPIRICAL TESTING

I have tried in this paper to establish a prima facie case for the presence
of an upward bias in existing estimates of the degree of congestion in local
public goods. Testing for the presence of this bias and estimating its
magnitude are needed to establish its empirical significance. These steps will
not be easy. Although the empirical phase of this work goes beyond the
scope of this paper, I wish to offer some thoughts on empirical approaches
to these issues. Three general approaches suggest themselves. The first
involves the use of independent evidence on the extent to which the range
of services increases with population size for particular classes of local
services. Suppose that we had reason to believe that certain classes of
services (or functions) exhibited a marked variation in the range of services
across communities of different size, while other classes of services showed
little such variation. Then we might use as a crude test for the presence of
the zoo effect a comparison of estimated congestion coefficients among
these classes of services. If the zoo effect were important, we would expect
to find that the estimated congestion coefficient would be larger for classes
of services where the range of services displayed greater increases with
population size. I call this a crude test, for among other things it would
ignore the other sources of variation in the congestion characteristics of the
various services. To implement this approach would require independent
estimates of how the range of services varies with population, and I know of
no ready sources of such evidence. Schmandt and Stephens [12] provide
some information on this in the form of rank order correlation coefficients
between the number of subfunctions and population size for several classes
of local services. They found the highest rank order correlation coefficient
between "sub functions" and population size for police protection, followed
by general government, fire protection, refuse disposal, and public schools
in that order. For schools, for example, one might expect that there is
somewhat less variation in the range of activities provided. But even for
education, Schmandt and Stephens enumerated 74 distinct activities and
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population to make it worthwhile to acquire certain expensive animals (like
pandas?). In fact, as this example suggests, it may not always be easy at the
empirical level to distinguish between the level and range of services. Thus,
while we might expect estimates of congestion based on more disaggregated
data to be relatively less contaminated by the zoo effect (and thus smaller if
the zoo effect is important), such results could probably be taken only as
suggestive, for there would remain problems of interpretation.

A third approach, and perhaps the most appealing one, is to seek other
measures of output that are not contaminated by the zoo effect. In an
interesting application of this approach, Brueckner [4] uses communities'
fire insurance ratings as a measure of output for municipal fire protection
services. He finds that in contrast to the expenditure studies, his results
indicate that fire protection exhibits a substantial degree of "publicness."
Using a different approach, McMillan et al. [9] employed "fire protection
rating" as a control variable in their regression equations explaining muni-
cipal expenditures on fire protection in a sample of Ontario municipalities;
they found that the presence of this variable to control for the quality of
output resulted in a reduced estimate of the congestion parameter. These
results are suggestive, but the problem is that such measures of output are
not easy to come by for other local services.9

In sum, empirical study of the congestion properties of local services is
not going to be an easy matter. There are a number of effects that need to
be disentangled, and the data required for this unravelling of effects does
not appear to be readily available.lO But until such work is done, we must
maintain a healthy skepticism concerning existing estimates. I suspect that
local services are a good deal more "public" in nature than these estimates
indicateY

9Bruce Hamilton has suggested an alternative approach involving the use of property values.

If larger jurisdictions provide a wider range of outputs reflecting scale effects, then the benefits
from these additional services ought to be capitalized into local property values. In a

multiple-regression equation that explains differentials in property values across communities,
we would then expect to find that, in addition to per capita spending on local services, the size

of the community (perhaps interacting in some form with spending) should have a positive
effect on property values.

lOAs noted earlier, the increase in local spending associated with larger communities may
reflect not the technology of providing local services, but the enhanced bureaucratic powers in

larger jurisdictions. To test this hypothesis would require the introduction of some measure of
bureaucratic power that would effectively separate out the "bureaucratic effect" from the other
roles of the population variable.

11This paper has focused solely on the implications of the zoo effect for the measurement of

the congestion properties of local services. However, Henry Aaron points out that the zoo
effect may well have some interesting normative implications for governmental structure. The
spreading of costs over a larger population can provide an incentive for the unification of

smaller jurisdictions into larger units. Such unification can be comprehensive or can take the
form of "special districts" for the provision of those services for which such economies exist.




