
RESEARCH ARTICLE

Jurisdiction Size and Local Public
Health Spending
Rexford E. Santerre

Objective. To examine if a minimum efficient scale (MES) holds with respect to the
population serviced by a local health department (LHD) given the congestability, extern-
ality, and scale/scope economy effects potentially associated with public health services.
Data Sources/Study Setting. A nationally representative sample of LHDs in 2005.
Study Design. Multiple regression analysis is used to isolate the relation between
population and spending while controlling for other factors known to influence local
public health costs.
Data Collection. Data were obtained from the 2005 National Profile of Local Public
Health Agencies, a project supported through a cooperative agreement between the Na-
tional Association of County and City Health Officials and the Centers for Disease
Control and Prevention.
Principal Findings. The MES of a local public health department is approximately
100,000 people. After that size, additional population has little impact on public health
spending per capita.
Conclusions. Seventy-seven percent of LHDs in the sample fall below the 100,000
MES. Higher levels of government may want to provide financial inducements so that
smaller LHDs consolidate or enter into agreements with larger public health organi-
zations to provide services.
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Public health services refer to the actions taken by society to advance
the health of the general population. Spending on public health services in the
United States amounted to roughly US$64 billion in 2007 (Hartman et al.
2009). While the precise mix of services differs across health departments,
most local public health spending funds the surveillance and prevention of
communicable diseases, testing and preservation of water quality, mainte-
nance of sanitary conditions (e.g., approval of septic systems), ensuring of food
protection (restaurant inspections), and the providing of health information
(National Association of County and City Health Officers [NACCHO] 2006).

Relatively little is known about the determinants of public health
expenditures probably because that spending only accounts foro3 percent of
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all health care costs (Hartman et al. 2009). However, many experts predict a
more important role for public health in the future given the threat of
bioterrorism attacks, concerns over emerging diseases such as avian flu and
SARS, and the seemingly growing burden from natural disasters such as
Katrina (Tilson and Berkowitz 2006).1 If so, a better understanding of public
health spending variations may prove useful to public health policy makers.

This paper focuses directly on the relation between jurisdiction size, in
terms of population, and local public health spending. Theoretically, a fairly
complex relation exists between these two variables because of the congesta-
bility, externality, and scale and scope economy effects potentially associated
with public health services as discussed in the next section. Consequently, this
paper uses a nationally representative sample of local health departments
(LHDs) during 2005 to investigate empirically the relation between popula-
tion size and local public health spending. The results suggest that the min-
imum efficient scale (MES) for the representative LHD occurs at a population
of approximately 100,000.

THEORETICAL RELATION BETWEEN POPULATION AND
PUBLIC HEALTH SPENDING

The relation between population size and local public health spending depends
on several conditions. First, public finance economists have long noted that
collectively provided goods like public health may exhibit nonrivalry in con-
sumption (e.g., Borcherding and Deacon 1972; Bergstrom and Goodman 1973).
Nonrivalry in consumption holds when one person’s enjoyment of a good does
not detract from another person receiving enjoyment from that same good.
Nonrivalry can be conceptualized mathematically in the following way:

q ¼ Q =N a ð1Þ

In equation (1), Q represents the total amount of the collectively provided good,
N stands for the population in the jurisdiction, and a reflects the degree of
congestability.

If a5 0, then everyone benefits from the entire amount of the collec-
tively provided good so that Q represents a pure public good. If, however,
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a5 1, then each person receives only 1/Nth of the good so that Q represents
a private good. Intermediate cases can also arise (0oao1) so that Q reflects
a quasi-public good. A more complex version of equation (1) allows for a
variable congestability parameter with a increasing with population size, or

q ¼ Q =N a Nð Þ ð2Þ

It follows that the effect of population on public health spending depends, in
part, on the congestability of public health services. If local public health
decision makers target a particular level of captured units, q, for each person in
the jurisdiction and Q represents a private good in consumption, then more
resources and spending on public health services are necessary, ceteris paribus.
Conversely, lower levels of resources and public health spending are necessary
for a targeted q if public health more closely resembles a pure public good.

Given local public health services such as disease surveillance, commu-
nicable disease immunizations, restaurant inspections, and water quality control,
one would think that public health resembles a pure public good. To date, only
Borcherding and Deacon (1972) and Santerre (1985) have estimated the conge-
stability parameter for local public health services. Both studies find that local
public health services are highly congestable with a equaling 0.983 on average.
However, these two studies include acute care services produced in government-
owned hospitals in their measure of public health activities, and so the estimated
congestability parameters may be biased upward (Bates and Santerre 2008).

Second, the effect of population on spending depends on whether any
externalities hold with respect to public health services. Externalities occur
when actions taken by producers or consumers positively or negatively affect
others not directly involved in the market transaction and these side effects
remain unpriced (Carande-Kulis, Getzen, and Thacker 2007). In the context of
public health, cigarette smoking offers a prime example of a negative externality
in consumption because of secondary smoke hazards. Unsafe sexual practices
provide another example particularly because diseases such as the HIV and
AIDS can widely transmit to others. Public health officials often attempt to
counteract these and other types of negative externalities through various ser-
vices such as tobacco cessation counseling and free condom distribution. More-
over, some local public health services such as immunizations for infectious
disease control and epidemiological investigations directly yield positive exter-
nalities. The magnitude of the externalities depends on whether the external
effects rise, fall, or remain constant with respect to a larger population size.2

Finally, the relation between population size and public health spending
may be influenced by whether scale and scope economies hold in production.
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Scale economies exist when per unit costs of production decline with increas-
ing amounts of output and result from labor and capital specialization and the
spreading of fixed costs. Rising per unit costs with respect to the quantity of
output reflects scale diseconomies, which can result from an organization
becoming physically too large such that communication flows break down,
bureaucratic inertia sets in, and principal/agent problems develop (Santerre
and Neun 2007). In addition to scale economies, costs may decline with pop-
ulation because of scope economies if larger LHDs consolidate a variety of
services and thereby reap the benefits of lower costs from joint production. On
the other hand, costs could rise if scope diseconomies prevail.

This discussion suggests that the theoretical relation between population
size and public health spending is unclear and depends on the net influence of
the congestability, externality, and scale and scope economy effects. Thus,
empirical studies are needed to sort out the precise relationship, but unfor-
tunately not too many studies exist on this issue.

Borcherding and Deacon (1972) and Santerre (1985) estimate the de-
mand for public health services and find that population has no impact on per
capita public health spending using cross-sectional national and Connecticut
samples of local governments, respectively. These two studies are suspect,
however, because they include the expenditures of government hospitals in
their measures of public health spending and do not treat the public health
department as the unit of analysis. Nevertheless, Shonick and Price (1978)
corroborate their findings when they also observe that the level of population
does not affect per capita public health spending when using a national sample
of 694 LHDs in 1975.

Also using a demand approach but confining the sample to a set of
district health departments in Connecticut, Bates and Santerre (2008) find that
a 1 percent increase in population results in a 1.6 percent decline in public
health spending per capita. Finally, Gordon, Gerzoff, and Richards (1997),
using a nationwide sample of LHDs in 1993, estimate an inverted U-relation
between population and per capita public health expenditures. However,
these researchers include both population and the number of full-time em-
ployees as right-hand-side variables in their estimation equation. Because the
delivery of public health services is labor intensive, it remains unclear why
public health expenditures would adjust in response to a population change
given that their estimation process, by construction, assumes a constant num-
ber of full-time employees.

Thus, previous empirical studies tend to be inconclusive about the pre-
cise nature of the relation between population and public health spending.
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Given the importance but limited resources associated with public health
activities, finding least-cost methods of organizing services seems a worthwhile
venture. Indeed, the Council on Linkages between Academia and Public
Health Practice considers cost-effectiveness and questions regarding scale
economies as two areas where research is needed (see http://www.phf.org/
Link/phsr/agendas.pdf). The next section of this paper uses neoclassical mi-
croeconomic theory and a national sample of local public health departments
in 2005 to reexamine the empirical relation between population size and
public health spending.

DATA AND METHODS

The NACCHO provides the data used in the forthcoming empirical analysis.
NACCHO collected the data with a national survey of 2,864 LHDs in 2005 of
which 2,300 or 80 percent responded to the questionnaire. The response rate
was lowest for LHDs with population under 25,000 (73 percent), around 83
percent for LHDs with population between 25,000 and 74,999, relatively
constant at about 90 percent for LHDs with population between 75,000 and
999,999 people, and then 98 percent for LHDs with population over 1 million.
Not all LHDs answered every question, however.

Based on fairly solid theory, population can be worked into the empir-
ical analysis in the following manner. According to neoclassical microeco-
nomic theory (e.g., Santerre and Neun 2007), the long-run total costs of an
organization, C, can be expressed as a function of the quantity of output
produced, Q, and the prices of any inputs employed, P, conditioned upon the
state of technology, T, or

C ¼ f ðQ ;P ; T Þ ð3Þ

Given the service nature of the product, the quantity of public health delivered
is not directly observable and measurable. However, the NACCHO survey
provides a number of variables that can reasonably serve as proxies by cap-
turing the scale and variety of services offered by the various LHDs.

First, population is specified to reflect the scale or amount of services.
Population represents a worthwhile output measure, because as mentioned
previously, public health services refer to the actions taken for the health of the
community as a whole.3 Indeed, health economists often use patient indicators
to reflect output measures of hospital services (e.g., Cowing and Holtmann
1983; Granneman, Brown, and Pauly 1986). However, not all public health
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needs may be the same across the various LHDs because of population het-
erogeneity. Therefore, the racial and ethnic composition of the population
served by each LHD is specified in the estimation equation. Second, the
amount of public health services may also depend on the compactness of
people. In fact, Santerre (1985) argues that many local public health services
act as density off-setting goods. Thus, a set of dummy variables is included to
control for the urban nature of the jurisdiction (urban, micropolitan, or rural)
served by each LHD based on the RUCA taxonomy.

Third, the variety of public health services offered in each LHD is specified
in the estimation equation. The NACCHO database lists up to 95 different
public health services and identifies if the LHD provides or contracts out for each
service and if that same service is provided by state, other local, or nongovern-
mental agencies. Given that each type of service may be partially offered by each
of the five parties, the maximum number of services can range up to 475. The
percentage of services contracted out and the percentage from parties other than
the LHD are included as two additional variables in the estimation equations.
One would expect that operating costs rise with a greater variety of services but
decline with a greater proportion of services contracted out or produced outside
the LHD, particularly if the latter comes at no expense to the LHD.

Experimentation showed that the percentage of services that are medical
or clinical in nature (i.e., immunizations, screening for diseases, treatment for
communicable diseases, maternal and child health, and other health services)
has a direct effect on costs, and so this ratio also appears in the empirical
model. Clinical services, other than immunizations for infectious diseases,
may be costly because they more closely resemble pure private goods with
little public spillover effects. Lastly, the percentages of revenues funded by
various third parties (e.g., state, federal, Medicaid, Medicare, and private) are
specified as additional explanatory variables. The mix of funding sources may
mirror the extent to which particular services are offered by the various LHDs.
For example, a greater mix of Medicaid and Medicare funding may reflect
more services aimed at low-income and elderly individuals in a jurisdiction. In
addition, the percentages of revenues from Medicare, Medicaid, and private
insurance may provide another indicator of a health department’s orientation
toward clinical rather than population-based services, which are more costly
to produce because of their highly congestible nature.4

Direct measures of input prices, the second determinant of costs in
equation (3), are not available from the NACCHO survey.5 However, the
absence of direct price information may be unimportant for the following
reason. A cross-sectional study, like that conducted here, is considered a long-
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run analysis because sufficient time is assumed for all changes to completely
adjust. In competitive input markets, perfect mobility of resources ensures that
only one price exists for an input in the long run. Otherwise, the movement of
inputs continues until price differentials are driven away. In this context,
minimum wage laws, occupational licensing, and other state mandates and
regulations, which act as mobility barriers, provide the only major reason why
price differentials for the same input can exist in the long run. As a result, state-
fixed effects are specified in the estimation equation to control for possible
long-run input price differentials as well as any other cost differentials because
of varying state public health laws and regulations.

As a reflection of technology, dummy variables are included to control
for the type of jurisdiction served by each LHD (i.e., town/township, city,
county, city/county, district/regional, or other). The degree of centralization
may influence the efficiency at which public health services are delivered. For
example, the Tiebout (1956) theory argues that decentralization promotes
efficiency. Oppositely, centralization could favor coordination and thereby
enhance the efficiency of public health delivery.

Equation (3) is assumed to take the following specific form for estimation
purposes:

ln C ¼ b0 þ b1 ln N þ
X

i

liXi þ m ð4Þ

where C stands for total public health costs, N captures population, X rep-
resents the vector of control variables such as the variety of services offered,
the bj’s and li’s are the parameters to be estimated, and m is the typical dis-
turbance term. For several reasons, total costs and population are converted
by taking the natural logarithms of their actual values. First, taking the log of a
variable typically transforms an otherwise skewed variable into a more nor-
mally distributed one, which is a desirable property for estimation purposes.
Both costs and population are skewed to the left because the sample contains a
relatively large number of small jurisdictions with low expenditure levels.

Second, a log transformation of the two variables means that all of the
variables in the final estimation equation are either in ratio or binary form
(after also taking the log of total services). Lastly, because of the log trans-
formation, the first derivative of ln C with respect to ln N equals b1. This
coefficient represents the elasticity of total costs with respect to population or
the percentage change in total costs resulting from a 1 percent change in
population. For example, if b1 5 1, then both population and public health
costs rise proportionately so that per capita costs remain constant.
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EMPIRICAL RESULTS

Table 1 offers a glimpse at the characteristics of the LHDs in the sample.
Population averages 131,000 and ranges from a low of 313 to nearly 10 million
people. The mean value of per capita local public health spending equals
US$45 but varies widely from 39 cents to US$4,249 (not shown). About 86
different services, on average, are provided either internally by the typical
LHD, through contracting out, or by state, other local government, or non-
governmental agencies. Agencies other than the LHD offer a large percentage
of the services. One-third of all public health services are clinical in nature.
Most LHDs are organized on a county basis and are just about evenly split
between urban and rural locations. Not surprisingly, most funding for the
LHDs comes from government sources.

The multiple regression results associated with the estimation of equa-
tion (4) are reported in Table 2. Standard errors have been adjusted to account
for a heteroskedastic error term. The results for three models are shown. All
three models contain state-fixed effects but include different sets of control
variables that are added sequentially to determine if the effect of population on
public health costs is sensitive to their inclusion. The estimated coefficient and
corresponding t-statistic in absolute terms are shown opposite each explan-
atory variable. For each equation, over 80 percent of the variation in local
public health spending around its mean value is collectively explained by the
right-hand-side variables.

The empirical findings suggest that the elasticity of total costs with respect
to population iso1 for all the three models. This means that local public health
costs rise less than proportionately to an increase in population. According to
the results, a 10 percent increase in population is associated with an 8–9 percent
rise in total public health costs, on average. From a statistical perspective, these
population elasticities are highly significant and fairly robust across the three
specifications.

The analysis is taken a step further by analyzing whether the population
elasticity varies across different population categories as established by
NACCHO. The seven population categories are as follows:o25,000, 25,000–
49,999, 50,000–99,999, 100,000–249,999, 250,000–499,999, 500,000–
999,999, and 1,000,000 and above. Table 1 lists the percentage of LHDs in
each of these population categories. To determine whether the population
elasticity varies across different population ranges, the log of population is
multiplied by a 0/1 dummy variable representing each population range ex-
cept the default category of under 25,000 people. With this specification, the
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estimated coefficient on the log of population shows the cost elasticity with
respect to population for LHDs with a population below 25,000. The coeffi-
cient on each population interaction term measures the incremental effect for

Table 1: Descriptive Statistics

Number of
Observations Mean

Standard
Deviation

Minimum
Value

Maximum
Value

Total costs (US$) 2,021 6,864,566 45,065,008 1,200 1.54E109
Population 2,296 130,999 426,430 313 9,998,371
% LHDs with o25,000 people 2,296 0.406 0.491 0 1
% LHDs with 25,000–49,999 people 2,296 0.214 0.410 0 1
% LHDs with 50,000–99,999 people 2,296 0.151 0.358 0 1
% LHDs with 100,000–249,999 people 2,296 0.122 0.328 0 1
% LHDs with 250,000–499,999 people 2,296 0.052 0.222 0 1
% LHDs with 500,000–999,999 people 2,296 0.034 0.182 0 1
% LHDs with 1,000,0001people 2,296 0.021 0.143 0 1
Total service offerings 2,003 86.37 26.00 0 233
% Clinical services 2,003 0.338 0.083 0 0.960
% Services contracted out 2,003 0.026 0.054 0 0.700
% Services produced by others 2,003 0.620 0.148 0 0.989
% City/town funding 2,079 15.09 31.61 0 100
% County funding 2,079 18.53 20.56 0 100
% State funding 2,079 20.86 20.14 0 100
% Federal funding (e.g., grants) 2,079 19.11 18.13 0 100
% Medicaid funding 2,079 8.16 12.43 0 83
% Medicare funding 2,079 4.12 9.83 0 65
% Private foundation funding 2,079 0.62 2.48 0 40
% Private health insurance funding 2,079 1.02 3.10 0 53
% Patient personal fees 2,079 4.02 6.95 0 85
% Regulatory fees 2,079 4.77 11.66 0 100
% Tribal funding 2,079 0.029 0.77 0 27
% Other funding 2,079 3.67 9.61 0 100
% White 2,274 84.08 16.58 0 100
% Black 2,274 8.12 13.44 0 86
% Asian 2,274 1.62 3.14 0 45
% Hispanic 2,259 6.25 10.60 0 95
% LHDs with city jurisdiction 2,300 0.072 0.258 0 1
% LHDs with county jurisdiction 2,300 0.589 0.492 0 1
% LHDs with city/county jurisdiction 2,300 0.139 0.346 0 1
% LHDs with town/township

jurisdiction
2,300 0.088 0.283 0 1

% LHDs with regional jurisdiction 2,300 0.101 0.302 0 1
% LHDs with other jurisdiction 2,300 0.012 0.108 0 1
% LHDs servicing urban areas 2,298 0.403 0.491 0 1
% LHDs servicing micropolitan areas 2,298 0.199 0.400 0 1
% LHDs servicing rural areas 2,298 0.398 0.490 0 1

LHD, local health department.
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Table 2: Basic Multiple Regression Results: Dependent Variable 5 Log of
Total Costs

Estimated Coefficient (t-Statistic)

Model 1 Model 2 Model 3

Constant 4.717 2.755 2.137
(25.11) (8.73) (4.65)

Log of population 0.904 0.825 0.845
(52.21) (46.57) (35.58)

Log of total service offerings 0.803 0.718
(11.26) (9.65)

% Services contracted outn � 1.262 � 0.648
(2.71) (1.30)

% Services produced by other agenciesn � 1.952 � 1.662
(9.91) (8.49)

% Clinical servicesw 1.319 1.056
(5.42) (4.46)

% County fundingw 0.004
(2.60)

% State fundingw 0.005
(2.22)

% Federal fundingw 0.004
(1.99)

% Medicaid fundingw 0.016
(7.16)

% Medicare fundingw 0.018
(7.50)

% Private foundation fundingw 0.027
(5.44)

% Private health insurance fundingw 0.006
(1.08)

%Patient personal feesw 0.004
(1.60)

% Regulatory feesw � 0.001
(0.22)

% Tribal fundingw � 0.046
(3.39)

% Other fundingw 0.008
(3.30)

% Whitez 0.002
(0.79)

% Blackz 0.009
(2.95)

% Asianz 0.016
(1.62)

% Hispanicz 0.002
(0.74)

continued
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that particular population range beyond that of the benchmark population
elasticity estimate (i.e., LHDs with o25,000 people).

In addition, multiple regression results are obtained for two restricted
samples because some outlier values for public health costs may be driving the
empirical findings especially because relatively few LHDs are contained in
some of the population categories. Recall that reported per capita costs range
from a low of 39 cents to a high of US$4,249. Specifically, the sample is
restricted to those LHDs with reported per capita costs between US$1 and
US$500 and also to those LHDs with reported per capita spending between
US$10 and US$100.

Table 3 reports the findings for the multiple regression equations in-
cluding population range interaction terms. In all three cases, the results reveal
a population elasticity that is o1 and statistically significant for the default

Table 2. Continued

Estimated Coefficient (t-Statistic)

Model 1 Model 2 Model 3

LHD with county jurisdiction§ � 0.150
(1.39)

LHD with city/county jurisdiction§ 0.033
(0.29)

LHD with town/township jurisdiction§ � 0.182
(1.51)

LHD with regional jurisdiction§ � 0.203
(1.78)

LHD with other jurisdiction§ � 0.418
(2.68)

LHD serving micropolitan areaz � 0.004
(0.10)

LHD serving rural areaz 0.059
(1.13)

Adjusted R2 0.830 0.853 0.875
Number of observations 2,018 1,751 1,654

Notes. All models are specified with a set of 47 state dummy variables for which the results are not
shown to save space.

Heteroskedasticity-consistent standard errors are shown in parentheses.
nOmitted category is percent of services produced internally.
wOmitted category is percent town or city funding.
zOmitted category is percent other (e.g., Pacific Islander or non-Hispanic).
§Omitted category is city jurisdiction.
zOmitted category is urban area.

LHD, local health department.
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Table 3: Multiple Results for Different Population Categories: Dependent
Variable 5 Log of Total Costs

Estimated Coefficient (t-Statistic)

Full Sample

Reported
Per Capita

Costs 4US$1
and oUS$500

Reported
Per Capita

Costs 4US$10
but oUS$100

Constant 3.080 3.208 3.691
(5.27) (5.79) (8.03)

Log of population 0.746 0.759 0.789
(16.54) (18.35) (22.03)

Log of population times population category
25,000–49,999 dummy variable

0.001 0.001 0.006
(0.20) (0.22) (1.35)

Log of population times population category
50,000–99,999 dummy variable

0.004 0.003 0.013
(0.48) (0.34) (2.09)

Log of population times population category
100,000–249,999 dummy variable

0.027 0.025 0.031
(2.58) (2.60) (3.79)

Log of population times population category
250,000–499,999 dummy variable

0.029 0.030 0.036
(2.26) (2.50) (3.53)

Log of population times population category
500,000–999,999 dummy variable

0.041 0.041 0.042
(2.75) (2.83) (3.61)

Log of population times population category
1,000,0001 dummy variable

0.043 0.043 0.046
(2.27) (2.35) (3.42)

Log of total service offerings 0.727 0.654 0.464
(9.73) (9.71) (8.50)

% Services contracted outn � 0.921 � 0.850 � 0.683
(1.91) (1.91) (1.84)

% Services produced by other agenciesn � 1.685 � 1.553 � 1.293
(8.59) (9.19) (8.87)

% Clinical servicesw 1.047 0.955 0.876
(4.50) (4.41) (5.07)

% County fundingw 0.004 0.004 0.003
(2.34) (2.45) (2.06)

% State fundingw 0.004 0.005 0.004
(2.05) (2.43) (2.69)

% Federal fundingw 0.003 0.004 0.001
(1.83) (2.03) (0.97)

% Medicaid fundingw 0.015 0.016 0.010
(7.17) (7.56) (5.08)

% Medicare fundingw 0.018 0.018 0.013
(7.62) (8.47) (6.99)

% Private foundation fundingw 0.026 0.027 0.021
(5.42) (5.63) (4.48)

% Private health insurance fundingw 0.006 0.006 0.005
(1.15) (1.20) (0.93)

continued
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Table 3. Continued

Estimated Coefficient (t-Statistic)

Full Sample

Reported
Per Capita

Costs 4US$1
and oUS$500

Reported
Per Capita

Costs 4US$10
but oUS$100

%Patient personal feesw 0.004 0.004 0.0004
(1.56) (1.59) (0.17)

% Regulatory feesw � 0.001 0.00003 � 0.001
(0.45) (0.019) (0.74)

% Tribal fundingw � 0.055 � 0.056 0.106
(3.82) (3.96) (2.16)

% Other fundingw 0.008 0.007 0.004
(3.25) (3.23) (2.40)

% Whitez 0.002 0.002 0.003
(0.67) (0.061) (1.04)

% Blackz 0.008 0.008 0.009
(2.61) (2.43) (3.21)

% Asianz 0.015 0.010 � 0.001
(1.45) (1.03) (0.15)

% Hispanicz 0.004 0.004 0.003
(1.44) (1.33) (1.25)

LHD with county jurisdiction§ � 0.189 � 0.214 � 0.095
(1.73) (2.04) (1.18)

LHD with city/county jurisdiction§ � 0.080 � 0.026 0.060
(0.07) (0.25) (0.73)

LHD with town/township jurisdiction§ � 0.203 � 0.165 � 0.070
(1.71) (1.42) (0.69)

LHD with regional jurisdiction§ � 0.229 � 0.242 � 0.105
(1.99) (2.16) (1.23)

LHD with other jurisdiction§ � 0.447 � 0.453 � 0.296
(2.95) (3.01) (1.79)

LHD serving micropolitan areaz 0.087 0.062 0.057
(1.72) (1.33) (1.51)

LHD serving rural areaz 0.088 0.082 0.038
(1.61) (1.63) (0.93)

Adjusted R2 0.877 0.885 0.926
Number of observations 1,654 1,645 1,352

Notes. All models are estimated with a set of 47 state dummy variables for which the results are not
shown to save space.

Heteroskedasticity-consistent standard errors are shown in parentheses.
nOmitted category is percent of services produced internally.
wOmitted category is percent town or city funding.
zOmitted category is percent other (e.g., Pacific Islander or non-Hispanic).
§Omitted category is city jurisdiction.
zOmitted category is urban area.

LHD, local health department.
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population category of o25,000 people. The population elasticity of 0.746–
0.789 remains fairly constant until a population of 100,000 is reached. After
that point the population elasticity continually increases, rising to a high of
0.789–0.835 in the population category of 1 million or more.6

Figure 1 uses the estimated equation shown in column 2 of Table 3 to
compute the predicted total costs associated with each level of population
assuming all other independent variables are evaluated at their mean values.
The predicted total costs are then divided by population to derive predicted
per capita public health costs at each level of population. Predicted values for
LHDs with populations above 2 million had to be suppressed so that the figure
can be more easily viewed. Like the estimated equation, the figure shows some
nonlinearity holds with respect to the relation between population and public
health costs. More importantly, the figure reveals that the MES of an LHD is
slightly below 100,000 people. The MES represents the smallest possible size
at which an organization can minimize average costs, or per capita costs in this
case. Figure 1 also shows that further increases in population have little effect
on public health costs per capita after the MES.

DISCUSSION

The empirical results suggest that local public health costs rise less than pro-
portionately to an increase in population. This characteristic holds in all pop-
ulation ranges but with some nonlinearity. In particular, the responsiveness of
costs to a change in population is greater in more populous LHDs. This may
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Figure 1: Predicted Per Capita Public Health Expenditures
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mean that the congestability effects are stronger or the scale/scope and pos-
itive externality effects are weaker in LHDs with larger populations.

The results further show that the MES of an LHD is reached with a
population of about 100,000 people. After that size, additional population is
not associated with much reduction in public health spending per capita. In
effect, an L-shaped relation exists between population and per capita public
health costs with costs per capita falling rapidly at first but then leveling off
after 100,000 people. Interestingly, studies have found L-shaped scale effects
for various manufacturing firms and hospitals (Finkler 1979; Perloff 2007).
Finkler (1979) argues that an L-shaped scale effect may reflect that small
organizations do not produce all of their services at efficient volumes. It fol-
lows from the empirical analysis that some cost savings might be realized if
small public health departments are consolidated into larger districts. Thus,
these results agree with Bates and Santerre (2008), who find that an indepen-
dent LHD in Connecticut is unlikely to experience a sharp spike in taxes upon
joining a unified public health district.

However, we cannot overlook that the results may be affected by omit-
ted variable bias. Although the estimated relation between population and
costs appears to be relatively insensitive to the inclusion of numerous factors,
unmeasured variables such as quality, output heterogeneity, and the nature
and severity of public health risks may have influenced the regression results.
Such adjustments are especially important in a cost function analysis that relies
on population size as the primary measure of quantity. Future research may
want to improve upon this cross-sectional study by using a panel dataset of
LHDs if that data become available. A panel dataset can control for unob-
servable heterogeneity to some degree and allow for a dynamic analysis of the
effect of population on local public health costs.

CONCLUSION

Many experts suspect that LHDs will play an increasing role in the future.
Because public health budgets are limited, public health officials will contin-
ually be interested in finding more cost-effective ways of expanding public
health services. Thus, it stands to reason that research directed toward the
most efficient way of structuring LHDs will provide useful information to
public health officials both now and in the future.

This paper finds that the MES for an LHD occurs at approximately
100,000 people. That is, the typical LHD can fully exploit any cost savings
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associated with population at 100,000 people given the likely congestability,
externality, and scale/scope effects associated with public health services.
Unfortunately for public health policy makers and society, 77 percent of
LHDs with about 18 percent of the U.S. population are below this efficient
level of population. Even if it is assumed that the true efficient population is
only one-half of the estimated efficient population, 62 percent of the surveyed
LHDs, with about 10 percent of the population, fall below the MES. It should
be noted that the unexploited cost savings are not trivial when LHDs remain
small sized. According to the predicted per capita spending figures from this
study, an LHD with 50,000 people will spend about 30.7 percent less on a per
capita basis than an otherwise similar LHD with 10,000 people (US$28.74
versus US$41.46). Moreover, an LHD with 90,000 people will spend 13.6
percent less per capita than an otherwise similar LHD with 50,000 people (i.e.,
US$24.82). Clearly, small-sized LHDs face a serious cost disadvantage when it
comes to producing local public health services.

Of course, costs represent only one side of the equation. The benefits
associated with population size must also be considered. For example, one
might argue that large population may compromise benefits by interfering
with the provision of high-quality public health services. But Mays et al. (2006)
show that any negative benefits of population size, in terms of diminishing the
performance of 10 essential services, do not occur until a population of about
500,000 is reached for most services.

Some important policy implications follow from the empirical analysis.
Given that many LHDs fall below the MES of 100,000 people, higher levels of
government may want to employ financial incentives to encourage more
LHDs to consolidate the provision of their public health services. Most of the
focus should initially be directed at the smallest of the LHDs because a greater
margin of benefits to costs should be gained from consolidation.7 For example,
LHDs servicing o10,000 people may be awarded more dollars per capita
upon joining a public health district than LHDs with 25,000 or more people. If
research shows that the expected gains materialize for the smallest of the
LHDs, then a higher level of government might incrementally extend finan-
cial inducements of lesser amounts to progressively more populated LHDs.

As an alternative to consolidation, it may be efficient for small agencies to
buy scale-sensitive services from others (via contract) or to rely on the state
agency or a larger neighboring agency to provide these services. Estimates from
this analysis suggest that costs decrease significantly with increases in the pro-
portion of services that are delivered by contract and the proportion of services
that are delivered by other organizations. While these estimates are potentially
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vulnerable to endogeneity bias, they do suggest that small agencies may use
these other production technologies for producing scale-sensitive services.
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NOTES

1. Also many other articles in that same issue of Health Affairs.
2. For example, see Boulier, Datta, and Goldfarb (2007) to gain some insights into the

complexities of the external effects associated with vaccinations.
3. Of course, how many services the typical consumer/voter receives and how much

it costs depend on the congestability, externality, and scale and scope economies
associated with local public health services.

4. The identity of the various LHDs remains confidential and direct measures of in-
come and age distribution are not available from the NACCHO survey. The con-
fidential nature of each LHD also prevents including other variables such as area, the
number of hospitals and physicians in the area, and some type of wage index.

5. NACCHO does provide information on the number of full-time equivalent em-
ployees (FTEs). If total payroll data were collected by NACCHO, an average price
of labor could be constructed (i.e., payroll/number of FTEs).

6. The results for the control variables are not discussed because many may be
endogenous and because of space constraints.

7. Experimentation of this kind would also be a good practice because we cannot
totally rule out that the empirical results obtained here have been influenced by
omitted variable bias.
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SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this
article:

Appendix SA1: Author Matrix.

Please note: Wiley-Blackwell is not responsible for the content or func-
tionality of any supporting materials supplied by the authors. Any queries
(other than missing material) should be directed to the corresponding author
for the article.

2166 HSR: Health Services Research 44:6 (December 2009)


