X = A matrix of other demand-related variables;

v = An error term that captures randomness in the data
(hencs, the frontier is stochastic); and

u = An error term whose elements capture firms that are
willing to accept a lower rate of return.

This latter component of the error structure (u) is important because it
explicitly captures our hypothesis of overretailing in rural markets.
Adding u, as opposed to subtracting, to the equation envelops the bot-
tom of the data; thus, true market minimums as opposed to market
averages are derived.

To estimate this minimum market stochastic frontier equation, we
employ the method suggested by Aigner, Lovell, and Schmidt (1977).
One of the system parameters to be estimated in the Aigner, Lovell, and
Schmidt approach is of special interest to this study: A (= 6,/5,). If the
data do not support the hypothesis of overretailing in rural markets,
then o will be statistically equivalent to zero, or A = 0. This hypothesis
can be tested by computing a t-statistic for the system parameter A. If
the computed t-statistic suggests that A = 0, then the frontier estimate
and the ordinary least squares estimate are essentially the same, and
there is no evidence of overretailing. On the other hand, if A is statisti-
cally different from zero, there exists necessary, but not sufficient,
evidence to suggest that some rural markets are overretailed due to
lower acceptable rates of return.

Model Specification

Data used to estimate both average and minimum market thresh-
olds were gathered from the 1988 City and County Data Book, the 1987
Census of Retail, and the USDA, Economic Research Service. The final
data set contained observations on 2,126 rural U.S. counties. This
study differs from most other market threshold studies because the unit
of observation is the county as opposed to the town or city.3

To avoid the complication of zero elements and anti-log biases
within the log-log specification, a nonlinear quadratic specification in
population of the model assumed:

3 While the county may not ap;rn]ear to be consistent with the notion
of central places, it better reflects the shopping area of rural residents.
In other words, in rural areas, the interpretation of a central place as a
specific town may be too narrow.



(3) B= 0 + B1POP + B,POP? + BgPCl + B,PPBEL + BsDEN + BUNRATE
+ B;PESTS; + BgADJ + u +v.

where:

B = The total number of retail establishments by type, including
those businesses both with and without employees.

The vector X includes the following:
POP = Population (1986)

POPZ = Population squared;

PCl = Percapitaincome (1985);
PPBEL = Percent of persons below poverty level (1979);

DEN = Population density;
UNRATE = Unemployment rate (1986);
PESTS; = Percent of total number of establishments in SIC ii that

are small (defined as no employees);
ADJ = Dummy for adjacent to metro area (1 = yes, 0 = no).

The inclusion of variables beyond population builds on the models
of Murray and Harris (1978).4 Income, the poverty measure, and unem-
ployment rate are intended to capture the buying power of consumers
within the market. We expect income to be related positively due to the
enhanced buying power of county residents, but we expect negative
coefficients on the poverty measure and the unemployment rate for
similar reasons. Population density is a proxy for how rural the market
is, and it is expected to be positive. The metro-adjacent dummy cap-
tures spatial competition and is expected to have a negative coefficient
due to the heightened spatial competition afforded by nearby retailers.
Further, we also expect the coefficients on population and population
squared to be positive due to agglomeration economies in retailing.

We include the percentages of businesses that are deemed to be
small (i.e., no employees) to capture the mix of businesses within a par-
ticular sector. All studies of market threshold to date implicitly have
assumed that because businesses within a sector are characterized by
identical cost structures, they will be similar in size. In rural areas this
need not be the case. For example, in one place of a certain population
there may be one large supermarket servicing the market area. A neigh-
boring market area of equal size (population) may have three smaller
grocers supporting local demand. To treat these two markets the same

4 While we rationalize the empirical specification of the model, a
detailed theoretical derivation of the specification is beyond the scope
of this analysis.



will result in misspecification of the model. One market will appear to be
underretailed, while the other will appear to be overretailed. Inclusion of
this variable partially addresses the problem, and we expect the coeffi-
cient to be positive.5

Empirical Results

The frontier estimates for the eight two digit SIC retail sectors are
presented in Table 1. For the OLS analysis (not reported here), the
intercept term is positive and usually significant across all eight sec-
tors.® The OLS results imply that a barren county would support a
certain number of establishments (the value of the intercept term).
While this result is an economic absurdity, it is consistent with the
hypothesis that rural areas may be overretailed. When OLS procedures
are applied to log-log specifications, the problem of a positive intercept
disappears. One wonders if the popularity of the double-log specifica-
tion for market threshold analysis is a result of the elimination of the
positive intercept problem. If this is the case, the existing literature also
may suffer from functional form bias.

The estimated frontier system parameter A is significantly different
from zero at the 99 percent level of confidence for each of the eight
threshold equations. This result confirms our hypothesis that some rural
retail markets are overretailed due to lower rates of acceptable return.
Thus, the county data support the notion that enveloping the bottom of
the data yields a more conservative and arguably more realistic esti-
mate of market population.

The performance of the individual variables is, in general, as one
would expect. The dominant variable, as suggested by theory and ear-
lier empirical studies, is population. In each case, the coefficient is
positive, as expected, and highly significant. Population squared is
generally positive, although small in magnitude, and statistically signifi-
cant. This results hint at agglomeration economies in retailing, as
predicted by theory. Income is positive and also significant. In most
cases the number of establishments tends to be more sensitive to
changes in population than to changes in per capita income. This result
is consistent with the work of Henderson (1990). Performance of the
remaining variables tends to be consistent with prior expectations, with
a few exceptions. The variable accounting for variation in establishment
size mix is of the correct sign when significant. Also, in each case,

5 one possible source of misspecification is the omission of
supply-related factors, specifically operating costs, that will affect
rates of return. These models, however, tend to be demand driven,
assuming identical cost structures across commodity groups.

6 See Table 2 for a complete list of the SIC sectors used.
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counties that are adjacent to metropolitan areas tend to support fewer
establishments, everything else held constant. Space limitations pre-
vent a more detailed discussion of each individual coefficient.

Table 2 reports the population threshold for a given number of firms
by retail SIC. Due to the inclusion of several socioeconomic variables in
the specification of the threshold equations, market population esti-
mates can be uniquely constructed for any particular county. For
illustrative purposes assume that the analyst is interested in the market
population for a typical (i.e., sample mean) nonadjacent county. One
can estimate the population required to support one merchandising
store using the estimated equation for general merchandising. The mar-
ket population threshold is 7,250 persons using the frontier estimates,
while the OLS estimates suggests a population threshold of only 450
persons. Given the positive intercept using OLS, this latter result (450
persons) is suspect, but it again supports the notion of overretailing in
rural markets. The frontier estimator provides consistently more con-
servative (many times profoundly more conservative) estimates that
those reported in the literature.

To further illustrate the potential level of overretailing in many rural
markets, the observed number of establishments is compared to the
estimated minimum derived from the frontier estimates. Four counties
are examined: Elko and Churchill in Nevada and Aroostook and
Hancock in Maine. The characteristics of each of these four counties
and the estimated minimum and observed number of establishments are
provided in Table 3. We can construct a simple measure of overretailing
by dividing the estimated minimum by the observed number of estab-
lishments. The closer the measure is to one, the closer is the rate of
return earned in the market to a normal rate of return. The smaller the
measure, the lower is the rate of return due to overretailing. If the mea-
sure is greater than one, the data suggest that there are market
opportunities that are not being realized.

In all cases except the number of eating and drinking establish-
ments in Aroostook County, Maine (the minimum-to-observed ratio is
greater than one: 1.15), the number of observed establishments is
greater than the true minimum that can be supported by the market. We
posit that the greater the divergence between the minimum and the
observed (or the smaller the minimum to observed ratio), the greater is
the degree of overretailing and the lower the rates of return an
entrepreneur should expect to earn in a given market.”

7 The estimated minimum number of establishments reported in the
lower portion of Table 3 should not be confused with the population
thresholds reported in Table 2. For example, Table 2 would lead one to
expect that Churchill, Nevada should be able to support three general
merchandise establishments, but Table 3 reports that the estimated
minimum is only one establishment. Table 3 is more refined—income
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Two important points must be highlighted based on the evidence
provided in Table 3. First, a higher degree of overretailing does not nec-
essarily imply that the market could not support another establishment.
Rather, the higher degrees of overretailing suggest that firms in the
market are accepting lower rates of return than those in other markets.
Prospective entrepreneurs need to be aware of this market position.
Second, unique characteristics of individual markets must be taken into
account. Hancock County, Maine appears to be heavily overretailed in
eating and drinking establishments and miscellaneous retail. Hancock
County is the home of Bar Harbour and Acadia National Park, the most
visited national park on the east coast. In short, Hancock County sup-
ports an enormous tourist economy. Our simple frontier equation does
not capture this important market condition.

Conclusions and Implications

The primary objective of this research is to build upon the existing
demand threshold literature in two regards. First, current population
estimates are plagued with several shortcomings, ranging from model
misspecification with respect to right side variables to unnecessary
structure due to the selection of a specific functional form. Each of
these shortcomings has been addressed in this analysis. Second, and
perhaps more fundamentally, an alternative to the traditional application
of the OLS estimator to the threshold problem has been suggested and
applied. There is sufficient a priori reasoning to suspect that the distri-
bution of the number of retail establishments is not normal, but is
positively skewed. Lower opportunities in rural areas for alternative
business diversification may force some retailers to accept a lower rate
of return. The result is overretailing in some rural areas.

Market threshold estimates should reflect this lower rate of accept-
able return by discounting areas that could be described as over-
retailed. This can accomplished by putting the traditional least squares
estimator to the side in favor of a method, such as the stochastic fron-
tier estimator, that envelops the bottom of the data. This approach
provides not only a more conservative estimate of market threshold, but
also gives an indirect measure of market overretailing. Prospective
entrepreneurs can use this information to develop a proxy measure of
the expected rate of return within each market. Just as lower opportu-
nity costs in rural areas imply lower rates of return and overretailing,
empirical evidence of overretailing implies lower rates of return. We pos-
tulate that a direct relation exists that can be exploited in policies
designed to revitalize downtown area across rural America.

and spatial competition explicitly is accounted for in the estimated
minimum.
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